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I.—The Photochemical Decomposition of Nitrous Oxide 
and Nitric Oxide. 


By JAMEs YOUNGER MACDONALD. 


THE modes of decomposition of nitrous oxide by heat (Hinshelwood 
and Burk, Proc. Roy. Soc., 1924, A, 106, 284; Briner, Meiner, and 
Rothen, Helv. Chim. Acta, 1926, 9, 409), by «a-rays (Wourtzel, 
Le Radium, 1919, 11, 332), and by the silent electric discharge 
(Joshi, T'rans. Faraday Soc., 1927, 23, 227) have already been 
determined, and its photochemistry is of importance. Previous 
work on the subject has been done by Berthelot and Gaudechon 
(Compt. rend., 1910, 150, 1517) and by Regener and Warburg 
(Sitzungsber. Preuss. Akad. Wiss. Berlin, 1904, 1228), who found 
that nitrogen peroxide was produced. It was considered advisable 
to extend their work, with a view to observe the quantum efficiency 
and to determine the mechanism of the decomposition. 

Nitric oxide also has been studied, although less exhaustively, by 
other workers. Briner and Boubnoff (J. Chim. physique, 1913, 
141, 597) investigated its decomposition under the combined 
influence of pressure and heat, and found that two actions took 
place, the major yielding nitrous oxide and oxygen, and the minor 
nitrogen and oxygen. Berthelot (Compt. rend., 1876, 82, 1360; 
1910, 150, 1517) ascertained that in the silent electric discharge 
nitrous oxide was produced, and on exposure to a mercury-vapour 
lamp, nitrogen and oxygen. A fuller study was undertaken in 
the hope that the results would be of use in the interpretation of 
the decomposition of nitrous oxide. These results, however, are 
not so complete as in the case of nitrous oxide, and their inter- 
pretation is more difficult. 


EXPERIMENTAL. 


The Activating Wave-length.—Preliminary experiments showed 
that nitrous oxide is decomposed by light of wave-length less than 
2000 A., which is strongly absorbed (compare Leifson, Astrophys. J., 
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1926, 63, 73). A new quartz mercury-vapour lamp produced 
considerable decomposition in 2 hours, nitrogen peroxide being 
formed. That this was due to the line 1849 A. of the mercury arc 
and not to the Cario-Franck mechanism, involving the activation 
of mercury atoms which were accidentally present, was shown both 
by reducing the risk of contamination with mercury to a minimum, 
whereupon no corresponding decrease took place in the extent of 
decomposition, and by interposing in the path of the light a gelatin 
screen which absorbed all light below 2000 A., and thereby stopped 
the decomposition. It was found, however, that after 20—30 hours’ 
use the mercury-vapour lamp aged, and decomposition could no 
longer be produced by it. A condensed aluminium spark, whose 
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light is particularly rich in lines at 1860, 1930, and 1990 A., was 
therefore substituted for it. 

Apparatus.—The electrical circuit used was as follows. Alternat- 
ing current at 100 volts, 15 amps., and 50 cycles was led from a 
rotary converter into a transformer and stepped up to 10,000 volts. 
It was then taken through high-frequency choke-coils (to protect 
the transformer from the high-frequency discharge) to the spark- 
gap, in parallel with which was a battery of condensers of total 
capacity 0-05 microfarad. The spark-gap was 1 cm. wide. Con- 
siderable difficulty was found in constructing efficiently cooled 
electrodes. These were finally made of l-inch brass tube, being 
tipped with an aluminium cap turned out of 3-inch rod, each being 
cooled by a blast of air blown through an inner brass tube and 
returning through the annular space between this and the outer 
tube. A section of one of these electrodes is shown in Fig. 1, the 
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arrows indicating the current of air. All connexions in the con- 
denser-spark-gap circuit were made of heavy copper strip, to 
minimise the energy loss due to heating, which would otherwise 
have been considerable. The circuit was regulated both by means 
of a low-frequency choke-coil, with a variable magnetic gap, in the 
primary alternating circuit, and by rheostats on the direct-current 
circuit which fed the rotary converter. 

Two reaction vessels of different types were used. Vessel A was 
of quartz, test-tube shaped and ground into a glass socket, and was 
about 3 cm. in diameter and 17 cm. in length. It was laid hori- 
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zontaily above the spark, 7-3 cm. from the electrodes, and was 
cooled by a draught of air. In spite of this, the temperature rose 
to about 40°, and all experiments with this vessel were carried out 
at that temperature. Such a vessel, having a comparatively large 
area exposed to the light, was suitable for experiments in which a 
considerable rate of decomposition was desired. Its shape, how- 
ever, rendered it impossible to make any measurements of the light 
absorbed when using it, or to regulate the temperature accurately. 
Reaction vessel B consisted of a glass tube, 3 cm. in diameter and 
15 em. in length, with fluorite windows cemented to each end, and 
was cooled in a trough of water (see A, Fig. 2). The light was 
concentrated by a fluorite lens, O, and sent through the vessel in a 
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beam which was as nearly as possible parallel. A large-surface 
thermonile, P, was placed close to the second window. 

As the analyses were based largely on pressure changes, it was 
necessary to use a pressure gauge in which nitrogen peroxide 
(formed in the reaction) did not come into contact with mercury. 
An all-glass gauge of the type described by Jackson (J., 1911, 
99, 1066) was at first employed, but as its accuracy was limited to 
about 1 mm. pressure, it was discarded in favour of the mercury 
manometer K (Fig. 2), in which the taps T, and T, maintained 
between the mercury surface and the reaction vessel an effective 
buffer of the gas being studied. By using a small microscope to 
set the mercury surface to the inserted glass pointer, N, and reading 
the height of the other column by a cathetometer, an accuracy of 
0-1 mm. could be attained. 

Analysis of the Products—-The method of procedure may be 
followed by reference to Fig. 2. It differed only in detail for the 
two gases studied. In both cases the purified gas was introduced 
through T, into the apparatus, until approximately the required 
pressure was present, the bulb D being kept evacuated. Fine 
adjustments of pressure could be made by altering the level of the 
mercury in ©. All taps were closed, and the reaction vessel was 
exposed to the light for the required period. T, and T, were then 
opened, and the change of pressure resultant upon the exposure was 
measured, a correction being applied for the dead space between 
T, and the mercury surface. Next, liquid air was placed round 
the double U-tube F, and the permanent gases were pumped off 
through T; by means of a Langmuir mercury diffusion pump 
backed by a Tépler pump. The gases so removed were collected. 
When nitrous oxide was being studied, these consisted of nitrogen 
and oxygen. They were measured together, and subsequently 
measured again after treatment with pyrogallol. In the case of 
nitric oxide, nitrogen and a small proportion of the undecomposed 
nitric oxide were removed in the first few minutes’ pumping, and, 
after treatment with ferrous sulphate to remove the nitric oxide, 
the nitrogen was measured. The remainder of the nitric oxide was 
then pumped off, the rate of evaporation being 20—30 c.c. per 
hour. The gases retained by the liquid air consisted of nitrous 
oxide (in large excess, when this was the substance studied), nitrogen 
peroxide, and nitrogen trioxide. When the all-glass gauge was 
used, the pressure of the residual gases was measured, but this could 
not be done when the mercury manometer was employed. Nitrogen 
peroxide was next removed by distilling the mixture through tubes 
of solid caustic soda E, D being immersed in liquid air. In a 
number of the experiments, any nitrogen trioxide present was first 
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converted into peroxide by the addition of air, and the nitrous 
oxide which remained was then estimated from its pressure. When 
the amount of nitrous oxide was small, however, no air was admitted, 
and after passage through the caustic soda tubes the residual gas 
was pumped off and measured, nitric oxide produced from the 
decomposition of the trioxide being removed by ferrous sulphate. 

It is sometimes stated (e.g., Partington, ‘‘ Text-book of Inorganic 
Chemistry,” 1921, p. 588) that, although nitrogen trioxide is dis- 
sociated at room temperature into nitric oxide and nitrogen peroxide 
almost completely, the mixed gases are entirely absorbed by solid 
caustic soda, forming nitrite only, and thus acting as the trioxide. 
Nitric oxide was always found in the gas finally pumped off, however, 
indicating either that it is not completely absorbed in the presence 
of an equivalent of nitrogen peroxide, or that the mixture condensed 
in the liquid-air trap contains more than an equivalent of nitric 
oxide. 

The nitrous oxide used in these experiments was obtained from 
cylinders, and was purified by passage over solid caustic soda and 
phosphorus pentoxide, and by fractionation from a liquid-air trap. 
The nitric oxide was prepared by the Lunge “ nitrometer ”’ reaction, 
and was pumped off from liquid air into the vessel in which it was 
stored. 

Results with Nitrous Oxide. 


The results of many analyses show that, under the conditions 
employed (7.e., at 21-7—607 mm. pressure, at temperatures of 0— 
40°, and with times of exposure of 2—66-5 mins.), the final products 
consist almost entirely of nitrogen, nitrogen peroxide, and unchanged 
nitrous oxide. There is always, however, a little oxygen in the gas 
pumped off. Table I gives the results of two typical experiments 
at 15°, and serves to show the order of accuracy attained. 


TaBLeE I. 
Expt. 13(a). Expt. 13(b). 

i Boho shd. 2. 
Initial pressure (Mm.) ...........2se00e- 115-0 115-4 
Time of exposure (mins.) ............ 10 49-5 
Increase of pressure (1) (mm.) ...... 3-0 3°0 7-0 10-6 
Increase of pressure (2) (mm.) ...... 1-4 1-5 5-56 5:3 
N,O decomposed (mm.) ...........2++ 5:9 (5-9) 21-8 (21-8) 
Vol. permanent gas removed (c.c.)... 0°54 1-91 
Vol. absorbed in pyrogallol (c.¢c.) ... 0-01 0-04 
Corresponding pressure of{ 6? raat Hh af ee adi 


Col. 1 gives the actual experimental figures. Col. 2 gives the 
pressures which would have been observed had all the nitrous oxide 
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which disappeared decomposed according to the equation 4N,0 = 
2NO, + 3N,. Two values are given for the increase of pressure 
due to decomposition. The first was measured immediately after 
the exposure. The second was obtained after condensation of the 
gases in the liquid-air trap, evaporation, and keeping for some time. 
The difference is due to the fact that during a short exposure the 
nitrogen peroxide is not present as such, but as an equivalent mixture 
of nitric oxide and oxygen. The combination of these two gases is 
slow at the extremely low partial pressures prevailing, and, according 
to Norrish (J., 1927, 761), nitrogen peroxide tends to decompose 
into nitric oxide and oxygen in ultra-violet light. 

Fig. 3 shows the result of an experiment at 400 mm. pressure in 
which the time of exposure was varied. The curve is almost 


Fie. 3. 


Nitrous oxide decomposed (mm.). 
[e) 


Q 20 30 40 
Time, in minutes. 


straight, there being no falling off in the rate of decomposition that 
cannot be accounted for by the lessened partial pressure of nitrous 
oxide present. There is no induction period. Similar experiments 
with vessel B showed a greater decrease of velocity with time, due 
to the screening effect of traces of nitrogen peroxide, formed by the 
slow combination of nitric oxide and oxygen, which took effect in 
the longer light-path in this vessel. In an experiment in which the 
combination of nitric oxide and oxygen was prevented by drying the 
apparatus and gas with special care, a high value was again obtained. 

The results of experiments at 100 mm. and 600 mm. pressure in 
vessel A, and at 100 mm. pressure and 0° and 15° in vessel B, are 
in Table II. They are similar to that described above. 

The results of experiments in which the pressure was varied and 
the time of exposure kept constant are in Table III. The values 
are plotted as circles in Fig. 4. 
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TasrieE IT. 


Expt. 6. Vessel A. Initial pressure, 100 mm, Temp., 40°. 
Time (mins.) 5 56 10 10 13 15 20 25 25-75 26 40 


N,O*(mm.) 9:6 8-6 15-1 13-3 18-5 26-6 21-0 35-1 31:3 27-5 41-6 
N, (mm.) 13-5 13-9 116 — 143 216 — 32-1 28-1 — 39-2 
NO,(mm.) 5:7 53 76 — 92 107 — 183 172 — 23-7 
O, (mm.) 16 20 01 — ? 18 — 1-5 ? — 1-2 
* The figures for N,O denote the amount decomposed. 
Expt. 7. Vessel A. Initial pressure, 600 mm. Temp., 40°. 
Time (mins.)... 5 10 12 13-5 20 25 27 
N,O (mm.)...... 18-1 29-6 32-4 40-3 59-8 61-9 76 
N, (mm.) ...... 141 233 29:2 30:8 502 59:2 65:8 
NO, (mm.)...... 82 128 1465 191 289 29:2 27-7 
O, (mm.)  ...... 0-6 1:34 25 0-5 2-3 31 4:77 
Expt. 8. Vessel B. Initial pressure, 100 mm. Temp., 15°. 
Time (mins.) ... 7:3 8 10 125 12:7 18-25 21 34 66-5 
N,O (mm.)...... 43 38 51 64 63 82 86 121 16-4 
Ng (mm.) «..:.. 3-2 2-8 4-4 4:8 4-6 6-15 6-3 91 12-3 
O, (mm.)_...... ? 0-0 0-1 0-0 0-1 ? 0-1 0-0 0-2 
Expt. 9. Vessel B. Initial pressure, 100 mm. Temp., 0°. 
TAD PE) ioe hese ov snc ded 9 19 27-8 
Pi NE Biencrsssescsuncebasessenene 4-0 6-14 8-0 
Wits: scsilecamonwd 2-9 4-5 5-2 
EE ciciskinintemestanenbies 0-1 0-1 0-2 
Fie. 4. 
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100 200 300 400 500 600 700 
Pressure (mm.). 
Taste IIT. 
Expt. 13. Vessel B. Decomposition in 10 minutes at 15°. 
Initial press. (mm.) ......... 21:3 49-7 91-1 115-0 200-8 
N,O decomposed (mm.) ... 2:3 4-4 6-0 6-3 7:75 
Initial press. (mm.) ......... 301-3 383-3 466-9 553-0 607-0 


N,O decomposed (mm.) ... 7:96 8-08 8-18 8-28 7-81 
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It was ascertained that the quantity of nitrogen peroxide formed 
in 10 minutes was negligible, and the values therefore give the true 
initial rate of decomposition. 

The crosses in Fig. 4 show the absorption of light by nitrous 
oxide. This was measured by means of the thermopile, which 
received the light after it had passed through the vessel. The 
ordinates represent the difference between the deflexion of a Moll 
galvanometer when the light was allowed to pass through the 
evacuated vessel on to the thermopile, and that observed when the 
vessel was filled with a quantity of nitrous oxide. The abscisse 
represent the pressure of nitrous oxide, as before. The observed 
deflexions were multiplied by a constant factor so chosen that one 
of the points (486 mm.) fell on the curve representing the rate of 
decomposition. It will be seen that the other points also fall on 
this curve, showing that the rate of decomposition, in the initial 
stages at least, is proportional to the amount of light absorbed, 

That this absorption of light is represented quantitatively by 
Beer’s law, 1.e., 


light absorbed = incident light x (l—e*#) . . . (I) 


(where a is the absorption coefficient, c the concentration, and d the 
length of the reaction vessel), is shown by the continuous line in 
Fig. 4, which is obtained by solving this equation for c = 200 mm. 
and c = 600 mm., two values of ¢ being necessary in the absence of 
a direct measurement of the effective incident light. 

The amount of light absorbed, as above measured, has been 
related to the decomposition occurring in unit time, thus giving 
the value of the quantum efficiency of the decomposition. First, 
the energy falling on 1 sq. cm. at 1 m. from a standard lamp in a 
certain position was determined by measuring the rate of rise of 
temperature. on illumination of a metal disc which formed one 
junction of a thermocouple (compare Denning, Phil. Mag., 1905, 
10, 270), and from this, the energy required to fall on the thermo- 
pile in order to give unit deflexion of the galvanometer was easily 
obtained. The value 2-31 x 10+ cal. per sec. per cm. deflexion 
was found as a mean of about 12 determinations in each series, the 
maximum difference between any two experiments in either being 
4%. This was multiplied by the deflexion caused by the presence 
in the apparatus of a given pressure of gas, so that the energy 
absorbed by that gas in 1 sec., and hence in 10 minutes, was 
obtained. This and the corresponding amount of decomposition 
were substituted in the formula 


y = (28470/a) x (mols. decomposed/cals. absorbed), 
where y is the quantum efficiency and 4 the wave-length of active 


Qo = se A = —_ 


QO of ww 4 


ormed 
e true 


itrous 
which 
The 
, Moll 
h the 
n the 
Scissze 
erved 
it one 
ate of 
all on 
initial 
ed. 
ly by 


(1) 

d the 
ne in 
) mm. 
ice of 


been 
riving 
First, 
»in a 
ise of 
1 one 
1905, 
ormo- 
easily 
exion 
s, the 
being 
sence 
nergy 
, was 
sition 


vctive 


OF NITROUS OXIDE AND NITRIC OXIDE. 0) 


light in microns. Actually, the light used was not monochromatic ; 
but it was confined principally to the three lines at 1860 A., 1930 A., 
and 1990 A. to which Pfliiger (Ann. Physik, 1904, 13, 890) assigns 
the relative intensities 173, 58, and 50, respectively. On the 
assumption, therefore, that the absorption is constant throughout 
this range, and that the activity of each line is proportional to its 
intensity, the effect would be equal to that of one line at 1900 A. 
(0-192) with the same total intensity, and this value was substituted 
for 4 in the above equation. When a correction of 5% for the 
reflexion and scattering of light by the fluorite plates had been 
applied, the value of y was found to be 3-9 + 0-2 mols. decomposed 
per quantum absorbed. 

Temperature Coefficient—It is of great importance, in studying 
the mechanism of any reaction, to find the temperature coefficient of 
the process; but, in the case of photochemical reactions, it is useless 
merely to state the value of such a coefficient, without indicating 
what factor is altering, for it may be due to a change either in the 
quantum efficiency or in the absorption coefficient. As already 
pointed out, the rate of decomposition is proportional to the light 
absorbed at any temperature, and therefore 


rate = KI(l —e*#) 4. « 2 6 he 6B) 


where J is the intensity of the incident light and K is a constant. 
The value of this constant will depend on the quantum efficiency of 
the process, and it is necessary to find whether it is this or the value 
of a which changes with temperature. 

If it can be assumed that a is independent of temperature, then 
it is merely necessary to compare the rates of reaction at the same 
concentration and different temperatures in order to obtain the 
temperature coefficient. If, however, a alters with temperature, 
the observed ‘‘ temperature coefficient ’’ will vary according to the 
pressure of gas under observation, for the rate of reaction is pro- 
portional to a at very low concentrations, and is independent of a 
when the pressure is sufficiently high to ensure that all the incident 
light is absorbed at the lowest temperature at which measurements 
are made. If K is constant, however, the variation of a with 
temperature can be found by comparing the pressures at which 
equal rates of reaction take place, for in this case the rates are 
equal when the product ac is the same in the experiments under 
comparison. Expt. 9 has therefore been compared with Expt. 8 
(Table II) to give a value for the temperature coefficient on the 
assumption that a is constant, and with Expt. 13 (Table III) to 
give a value on the assumption that K is constant. These values 


are 1-24 and 1-49 respectively for a 10° rise. 
B2 
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It has been possible to show more particularly the variation of 
the two constants by correlating experiments in vessel A with 
experiments in vessel B, a process which, however, involved certain 
approximations. The constants used in drawing the curve in Fig. 4, 
referring to vessel B at 15°, were: KI = 81, a= 1-04 x 10°. 
Four experimental points giving the amount of reaction in 10 
minutes in vessel A at 40° at different pressures were plotted, and 
equation (2) was solved with these values. The constants of this 
equation were: KJ = 29-5, a = 2:47 x 10°, the latter depending 
on a calculation of the effective value of d, as the average of all 
possible rays of light from the source through the vessel. The ratio 
of the values of a in the two series, reduced for a 10° rise, is 1-44. 
This approaches as near as could be expected to the value of 1-49 
found between 0° and 15° on the assumption that K was constant. 
The ratio of the values of K depends on the ratio of the incident 
light. The latter was calculated approximately, allowance being 
made for the light reflected and absorbed by the quartz vessel. 
The ratio of the values of K worked out at 0-95 + 0-1 for a 10° rise. 
The quantum efficiency, therefore, does not alter appreciably with 
temperature, which only affects the amount of light absorbed. 


Resulis with Nitric Oxide. 


This gas was less fully studied than nitrous oxide, which was the 
main object of research. Analyses showed that the reaction took 
place in two ways, one yielding nitrogen and oxygen, and the other 
nitrous oxide. The volume of nitrous oxide was only 10% of that 
of the nitrogen formed. In the majority of the experiments the 
nitrous oxide was present in too small a quantity to be estimated 
accurately, but there did not appear to be any considerable change 
in the proportion under the conditions studied, which were similar 
to those already described. The main experiments were directed 
towards determining the quantum efficiency, the rate of reaction 
and absorption of light at various pressures being also measured. 
The circles in Fig. 5 show the decomposition in 10 minutes (in mm. 
pressure) and the crosses show the light absorbed, reduced to the 
same scale. As in Fig. 4, the line is drawn as a solution of equation 
(2). The constants of this equation were: KI = 3-02, a = 2:3 x 
10+, so that the rate of reaction was lower than with nitrous oxide. 
The same wave-lengths of light were absorbed by nitric and by 
nitrous oxide, as was shown by the fact that both curves tended to 
the same maximum when light units (instead of mm. decomposition) 
were plotted as ordinates (compare also Leifson, loc. cit.). When 
this was again taken as 1900 A., the quantum efficiency worked out 
at 1-45 mols. per quantum. That figure, however, is double the 


Decommosition, in 10 ming. (in mm. nressure): 
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real value, for, in the major reaction at least, every atom of oxygen 
produced united with a molecule of nitric oxide, and thus two 
molecules of the latter substance disappeared for every one which 
actually decomposed. The real efficiency is therefore about 0-75. 
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The Mechanism of the Changes. 


We have seen that nitrous oxide decomposes in light according 
to the equation 
4N,0 = 2NO+0,+3N, .. . - (3) 
the proportions of the products remaining constant over a con- 
siderable range of conditions, and a very small proportion of oxygen 
being always found over and above that necessary to satisfy the 
equation. The quantum efficiency is 3-9, a figure which does not 
alter appreciably between 0° and 40°. The absorption of light, 
however, has a temperature coefficient of 1-47. 
It has also been shown that nitric oxide decomposes in two 
ways, according to the equations 
2NO = N+4-O0g)- 6 6 cin « & 
3NO=N,0+NO, ... .- ~ (5) 
The proportion of the two reactions taking place was found to be 
about 90% of (4) and 10% of (5), a ratio which did not alter appre- 


ciably with the conditions of experiment, though comparatively 
small changes may have escaped observation, The quantum 
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efficiency is about 0-75, and the absorption coefficient is less than 
that of nitrous oxide. 

There are three general mechanisms by which nitrous oxide 
might decompose according to equation (3): (a) One of the sub- 
stances on the right-hand side might be an intermediate product in 
the formation of the others; (b) two concurrent reactions might 
take place; or (c) an intermediate product might be formed, which 
does not appear in the final products. Hypothesis (a) is disproved 
by the constancy of the products, and also by the fact that the 
known rates of decomposition of nitric oxide and of union of nitrogen 
and oxygen are far too slow to account for any measurable amount 
of such secondary reaction taking place. Mechanism (b), expressed 
as the equations 


N,O + N,0’ = 2N, + 0, 
N,O + N,O’ = 2NO + N, 


(where N,O’ represents an activated molecule) is possible. The 
different courses of reaction could be explained by a difference in 
the activation of the molecule, either of two electrons being capable 
of elevation to a higher Bohr state, or by a different orientation at 
the moment of collision. In that event, however, the almost exact 
equivalence of nitric oxide and oxygen produced could only be 
fortuitous, and one would expect only 2 molecules to be decomposed 
per quantum instead of nearly 4, as found. The fact that the 
quantum efficiency did not alter with temperature or pressure is 
strong evidence that every activated molecule reacts, involving the 
decomposition of 3 other molecules. The length of an “ indefinite ” 
chain mechanism would be altered by an increase in the average 
energy of the system or in collision frequency. There remains the 
third mechanism, (c). The formation of nitrogen peroxide as an 
intermediary may be ruled out. Norrish (loc. cit.) found that the 
efficiency at 3650 A. was not more than 0-03 molecule per quantum. 
To obtain the observed results, this would have to rise to a very 
high value (say, 20) at 1900 A., and the very unlikely event of a 
four-fold collision would have to be assumed. 

- The following series of equations, however, satisfies all the 
necessary conditions : 


(a) N,O + hv = N,O’ ) 
(b) N,0’ + N,O = 0, + N, + 2N is sos 
(c) 2(N + N,O = NO + N,) J 

The only one of these open to question is (b). Such a reaction 


between normal molecules would be endothermic to the extent of 
about 120,000 cals. per mol. The energy associated with a quantum 
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of wave-length 1900 A. is, however, 150,000 cals. per mol. The 
equation is, therefore, quite plausible thermally. The reaction 
may be pictured as follows. An active molecule comes into collision 
with a normal one, and a large amount of energy becomes available 
for redistribution. The first result is that two nitrogen atoms are 
ejected, and simultaneously the less energetic break-up of the 
complex N,O, into nitrogen and oxygen occurs. The liberated 
nitrogen atoms will eventually come into collision with nitrous 
oxide molecules, and reaction (c) takes place. It is probable that 
a few of the nitrogen atoms combine with each other, for the 
observed rate of photochemical decomposition of nitric oxide ‘is 
scarcely sufficient to account for even the small excess of oxygen 
found by analysis. 

It is instructive to compare the photochemical decomposition 
of nitrous oxide with the other known decompositions. Both in 
the decomposition by «-rays (Wourtzel, loc. cit.) and in that by the 
silent electric discharge (Joshi, loc. cit.), reactions summarised by 
the equation 4N,0 = 2NO, + 3N, take place. It is attractive to 
assume that in both these cases the mechanism outlined above 
operates. In the thermal reaction at comparatively low tem- 
peratures (Hinshelwood and Burk, loc. cit.) nitrogen and oxygen are 
the chief products. At higher temperatures, however, nitric oxide 
is produced in increasing quantities till a maximum is reached 
(Briner, Meiner, and Rothen, Joc. cit.), when the rate of formation 
of this substance is balanced by its decomposition. As much as 
25% of nitric oxide was found in the products. It is possible that 
in this case the higher temperature provides the energy necessary 
for reaction 7 (b) to take place also. 

The mechanism of the decomposition of nitric oxide is much less 
clear. The quantum efficiency is low, and its variation with 
temperature is not known. If, as is probable, it increases with 
temperature, the maximum to which it tends is doubtful. On lines 
similar to those given above, a possible mechanism would appear to 
be the simultaneous reactions NO + NO’ = N, + O, and NO + 
NO’ = N,0 + 0, followed by NO+O=NO,. It should be 
noticed, however, that nitric oxide seems to be peculiarly liable to 
multimolecular reactions (compare Hinshelwood and Green, J., 
1926, 730), pointing to some stability in the complex formed by 
the collision of two molecules. Should such a complex be struck 
by an active molecule, the reaction (2NO) + NO’ = N,O + NO, 
would take place, while the bimolecular reaction might give only 
nitrogen and oxygen. Briner and Boubnoff (loc. cit.) studied the 
thermal decomposition at high pressures. The reaction was of the 
third or fourth order, and nitrous oxide was mainly produced, some 
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nitrogen beingfound. At high temperatures and ordinary pressures, 
Briner, Meiner, and Rothen (loc. cit.) found no nitrous oxide in the 
products of decomposition. A survey of the behaviour of nitric 
oxide under different modes of decomposition given by Briner and 
Boubnoff seems to show that the proportion of nitrogen generally 
increases with temperature. This might be due to the increase of 
energy of collision, or to the shortened life-period of the complex 
(2NO). The question requires further investigation. 


Summary. 


The decomposition of nitrous and nitric oxides in light of wave- 
length 1860—1990 A. has been studied. 

Nitrous oxide decomposes according to the general equation 
4N,0 = 2NO + O, + 3N,, the proportions of the products being 
constant over a considerable range of conditions. The quantum 
efficiency is 3-9 + 0-2, and does not vary appreciably with tem- 
perature between 0° and 40°, nor with pressures up to about 
1 atmosphere. The absorption coefficient increases 1-47 + 0-05 
times for a 10° rise of temperature. A mechanism has been sug- 
gested for the decomposition which may be applicable to decom- 
positions by other agencies. 

Nitric oxide decomposes in two ways, according to the equations 
2NO = N, + O, and 3NO = N,O + NO,, the first reaction con- 
stituting about 90% of the whole. The quantum efficiency is 
0-73 + 0-05. Two possible mechanisms are suggested. There is 
insufficient evidence, however, to warrant a decision. 

Beer’s absorption law holds strictly for both gases. Nitrous 
oxide, however, absorbs light several times more strongly than 
nitric oxide. 


In conclusion, the author wishes to express his thanks to the 
Department of Scientific and Industrial Research for a maintenance 
grant, to Messrs. Brunner Mond and Co. for a grant which provided 
much of the apparatus, and especially to Professor F. G. Donnan 
for suggesting the research, for the kindly interest with which he 
followed its progress, and for his helpful advice. 
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IIl.—The Pressures produced on Inflammation of 
Mixtures of (a) Carbon Monoxide and Air, and 
(b) Hydrogen and Air in a Closed Spherical 
Vessel. 

By Grorce Barton Maxwett and RicHarD VERNON WHEELER. 


Recorps of the rate of development of pressure in mixtures with 
air of carbon monoxide and hydrogen, ignited at the centre of 
a closed spherical vessel, were given in J., 1927, 297. In the 
present paper, the magnitudes of the pressures are recorded, and 
deductions are drawn from them as to the dissociation of carbon 
dioxide and the specific heat of steam. The general character of 
the apparatus used is described in J., 1918, 113, 844. The sphere 
was of bronze, of 4 litres capacity, with its interior highly polished. 


The Dissociation of Carbon Dioxide. 


As a result of experiments on the inflammation of mixtures of air 
with the paraffins (J., 1927, 2069), we called in question Nernst 
and Bjerrum’s values for the dissociation of carbon dioxide. 
Fenning and Tizard (Proc. Roy. Soc., 1927, A, 115, 318) also have 
questioned those values, and their experiments indicate that at high 
temperatures the dissociation has been considerably over-estimated. 
Fenning and Tizard’s method of determining the equilibrium 
constant of the system 2CO, == 2CO + 0, at different tem- 
peratures was to explode carbon monoxide in various proportions 
with different ‘‘ atmospheres,” ranging from air to pure oxygen, 
thus finding the ‘‘ maximum-pressure mixture ”’ for each atmosphere 
experimentally. This method demands highly accurate relative 


| pressure measurements, since it is not easy to decide which mixture 


develops the highest pressure on explosion. It was assumed in 
Fenning and Tizard’s calculations that heat losses for mixtures on 
either side of the “ maximum-pressure mixture ’’ would not differ 
much. This assumption was known to be incorrect (owing to the 
shape of their explosion vessel) when the times of explosion were 
widely different, and a correction, in which the heat loss was regarded 
as proportional to the time of explosion, was then applied. 

In our experiments, the results of which are recorded in Table I, 
differences in heat losses due to conduction appear to have been 
negligible, for, on explosion of mixtures of the same composition 
when dried and undried, the pressures developed by the latter were 
slightly the lower (owing to their moisture contents) despite the 
fact that their times of explosion were much the shorter. The 
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principal heat loss would be by radiation. This would be minimised 
by the polished interior of the explosion vessel. 

The results for the dried mixtures recorded in Table I were 
obtained with a Petavel gauge, modified to record comparatively 
low pressures (up to 20 atm.), which had been calibrated by means 
of compressed air against a standard Bourdon gauge. The results 
for the undried mixtures were obtained partly with this gauge and 
partly with one of the moving-piston type (see J., 1918, 113, 844), 
calibrated by means of a dead-weight oil ram. 
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TABLE I. 
The Explosion of Mixtures of Carbon Monoxide and Air. 
(a) Mixtures dried by (6) Mixtures saturated with water-vapour at 15°. 
calcium chloride. (i) Petavel gauge. (ii) Piston gauge. 
Max. press. Max. press. Max. press. 
% CO. rise (atm.). % CO. rise (atm.). % CO. rise (atm.). 
19-40 4-83 21-60 5-83 29-90 6°53 
24-90 6-29 23-50 5-93 32-00 6-71 
30-55 6-61 27-95 6-53 33-40 6-69 
83-10 6-74 31-10 6-56 33-70 6-65 
40-00 6-70 36°65 6-67 |, 34°40 6-67 
45-80 6-17 39-50 6-62 35°40 6-70 
49-65 5-80 44-90 6-29 35-90 6-71 
49-65 5-82 38-10 6-72 
54:75 5-29 42-00 6-58 
60-00 4-42 


The results in Table I (for the undried mixtures only, to ensure 
strict comparison) are shown graphically in Curve A, Fig. 1. From 
this curve, when plotted on a larger scale, it can be seen that the 
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bf 


“maximum-pressure mixture” of carbon monoxide and air con- 
tains 35-5 % of carbon monoxide and develops a pressure of 6-72 atm. 
Using the same method of calculation as Fenning and Tizard, this 
result gives for the dissociation of carbon dioxide : 


b. a. a(= a/b). P, (atm. abs.). TT, (° Abs.). Ey. 
3-79 0-283 0-075 7°72 2543 0-0135 


The term 5 is the ratio nitrogen : oxygen in the atmosphere (air) ; 
a@ appears in the expression for the composition of the original 
mixture: 2(1 + a)CO + O, + bN,; P. is the maximum explosion 
pressure and 7’, the corresponding temperature; K, is the required 
dissociation constant Pogo X Po:/Poos, where Poo, Peo, and Pos 
are the partial pressures at equilibrium of carbon monoxide, carbon 
dioxide, and oxygen. 

Fenning and Tizard’s value for K, at 2543° K. is 1-66 x 10-', 
whilst Bjerrum’s (Z. physikal. Chem., 1912, 79, 513) figure is 
6-4 x 10-8. Expressed as percentages, the corresponding values 
at 1 atm. and 2543° K. are: Fenning and Tizard, 14-9; Bjerrum, 
23-4; Maxwell and Wheeler, 30-1. Our result thus does not support 
Fenning and Tizard’s, nor our own suggestion that Bjerrum’s 
dissociation values at high temperatures have been over-estimated. 
It is clear that the absolute values for the dissociation constants 
obtained by the method of “‘ maximum-pressure mixtures ’’ must 
be looked on with caution, even when the experimental work has 
been carried out with great care. In this connexion, it should be 
noted that in four out of the five series of experiments on which 
Fenning and Tizard based their calculations, the “ maximum- 
pressure mixture ” was deduced from but four trials. Our curve 
embodies the results of 19 duplicate experiments, in 10 of which 
the composition of the mixture lay within the range 30—40% carbon 
monoxide. 

Perhaps a more useful test of the relative value of the dissociation 
constants as determined by the method of “ maximum-pressure 
mixtures ” is to use them for calculated pressures, for a range of 
mixtures, to compare with observed pressures. We have made 
such calculations (see Appendix) and give the results as curves in 
Fig. 1, B calculated from Bjerrum’s data and C from Fenning and 
Tizard’s. Curve C follows more closely than does Curve B the 
general form of the experimental curve (A), and from it the calcu- 
lated and observed maximum-pressure mixtures are identical, 
whereas from Curve B the maximum-pressure mixture should 
contain about 38% of carbon monoxide. 

The observed maximum pressure-rise (curve A) was 6-72 atm., 
whereas the calculated values are: Curve B, 7:38 atm.; and 
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Curve C, 7-65 atm. Inasmuch as our experimental method reduced 
heat losses during explosion to a minimum, these discrepancies 
appear excessive, and it must be pointed out that the estimation 
of dissociation constants from explosion experiments involves the 
assumption that chemical equilibrium has been attained in the 
system at the moment of maximum pressure. This assumption 
does not appear to be warranted in view of the evidence adduced 
by Ellis and Wheeler (J., 1927, 153) with regard to “ after- 
burning ” on explosion of mixtures of carbon monoxide and air. 

In general, we suggest that Fenning and Tizard’s values for the 
dissociation of carbon dioxide at different temperatures are, rela- 
tively, more consistent with the results of explosion experiments, 
such as those described in this paper, than are Bjerrum’s; but that, 
if, as seems certain, combustion be incomplete at the moment of 
maximum pressure, the absolute magnitudes of those values cannot 
be accepted. 

The Specific Heat of Steam. 
The pressures (recorded by the Petavel gauge) developed on 


explosion of mixtures of hydrogen and air in a closed 4-litre sphere 
are given in Table II. 


TaBLeE IT, 
The Explosion of Mixtures of Hydrogen and Air. 
Max. press. Max. press. Max. press 
% H, rise (atm.), % Hy. rise (atm.). % H;. rise (atm.), 
10-2 3-63 37-2 6-82 54-0 5-57 
15-1 4:45 39-35 6-65 56-2 5°12 
19-4 5-30 44-4 6-32 57-2 5:27 
24-5 6-38 45:8 6-20 62-3 4:73 
28-9 6-89 49-0 5:78 66-1 4-45 
34:1 6-92 49-2 5-66 


From Fig. 2, which expresses these results graphically, it appears 
that the maximum pressure rise (6-98 atm.) would be obtained by a 
mixture containing 32:5°% hydrogen, a displacement of 3% from 
the theoretical ‘‘ complete combustion” mixture. 

The disagreement amongst recent determinations of the specific 
heat of steam at high temperatures was commented on in our paper 
on the explosion of mixtures of air with the paraffins (loc. cit.), 
where it was suggested that the high values obtained by Womersley 
over the range 1500—2000° (Proc. Roy. Soc., 1921, A, 100, 483) 
might be nearer the truth than Bjerrum’s. In order to estimate the 
mean values for the specific heat of steam at constant volume from 
the results of explosion experiments, it is necessary to know the 
composition of the products at the moment of maximum tem- 
perature. By the use of Fenning and Tizard’s method of calculating 
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the dissociation of steam in the products of the maximum-pressure 
hydrogen-air mixture (32-5% hydrogen), it is found that the mean 
temperature is 2645° K. At that temperature K, = 0-002, equiva- 
lent to a dissociation of 15-9% at 1 atm. and 2645° K. The value 
given by Bjerrum (Z. Elektrochem., 1911, 17, 731; 1912, 18, 101) 
is 28%. This discrepancy accentuates the untrustworthiness of 
the “maximum-pressure mixture’ method of determining dis- 
sociation constants. It also suggests that, under the conditions 
of explosion experiments, where there is a marked temperature 
gradient from the centre to the walls of the explosion vessel at the 
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moment when the explosion is completed, an accurate estimation 
of the composition of the gases at that moment cannot be made 
from Bjerrum’s figures. For this reason, we have chosen, for 
calculations of the specific heat of steam, mixtures containing suffi- 
cient excess of hydrogen to repress the dissociation of steam. 

As an example, a calculation based on the pressure produced on 
explosion of a mixture containing 50% of hydrogen is given in 
detail. From Fig. 2 the pressure rise with this mixture is found 
to be 5:80 atm., corresponding with a corrected value (see J., 
1927, 2069) of 5-9 atm. The initial mixture, saturated with 
water vapour at 15° and 1 atm., contained, per unit vol., H,, 
0-4915; O,, 0-1028; N,, 0-3887; H,O, 0-0170. On the assumption 
that there is complete combustion (and no dissociation) the products 
at the moment of maximum pressure would contain: H,, 0-2859; 
O,, nil; N,, 0-3887; H,O, 0:2226. The “molecular ratio” (see 


20 PRESSURES PRODUCED ON INFLAMMATION OF MIXTURES, ETC. 


Appendix) is 0-8972, from which the mean temperature at the 
moment of maximum pressure, 7',, is 288 x 6-9/0:8972 = 2215° K.., 
or 1942° C. 

In order to calculate the mean specific heat of steam at constant 
volume over the range 15—1950° from these data, the mean specific 
heats of hydrogen and nitrogen over the same range must be known. 
We have used the values recorded by Partington and Shilling (“‘ The 
Specific Heats of Gases,’’ London, 1924), which are based on a 
number of consistent determinations. We have also taken Nernst’s 
figure, 57,500 cals. per g.-mol. at constant volume, for the lower 
calorific value of hydrogen. Over the range 0—1950°, C, for H, 
and N, = 5-525. If C be the mean specific heat of steam over 
the same range, 0-2226C + (5-525 x 0-6746) = 0-2056 x 57,500/ 
(2215 — 288); whence C = 10-8 cal. per g.-mol. 

The results of calculations based on the pressure rise on explosion 
of four mixtures rich in hydrogen (containing 66-1, 57-2, 50-0, and 
45-0%) are given in Table III. 


TaBe ITI. 
Mean Specific Heat of Steam at Constant Volume (cals. per g.-mol.). 
Partington and Shilling. Womersley. Maxwell and Wheeler. 


. o—?’. 100—?°. 15—?°. 
1400 7-45 8-35 10-7 
1750 8-1 10-2 10-6 
1950 8-5 11-4 10-8 
2120 8-9 11-7 10-6 


Our results thus approximate closely to Womersley’s, although 
they suggest that the specific heat of steam does not increase 
appreciably over the range 1400—2120°. 

Notre.—There is a possible source of error in Womersley’s paper 
which has been brought to our notice by Professor H. B. Dixon. 

Womersley gives as the nett calorific value of hydrogen (hydrogen 
to steam) 67,840 cals. per g.-mol. The authority is given as 
Ostwald’s ‘‘ Lehrbuch der Allgemeinen Chemie.”’ 

Of course Ostwald gives this figure for the gross value (hydrogen 
to water). Since Womersley does not give the analyses on which 
his calculations were based, it is not possible to determine from 
his paper whether the error affects his results or is only an error of 
statement. 


Appendix. 
The calculations from which Curves B and C of Fig. 1 were 
constructed are given in Table IV. The method of calculation is 
described in J., 1927, 2069. 
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TABLE IV. 
Mixtures of Carbon Monoxide and Air. 
Calculated maximum temperatures and pressures. 


(a) From Bjerrum’s dissociation values. 
Products of combustion (% by 


co, vol.) at moment of max. temp. Molecular Max. Pressure 
ee CO,. co. O,. N,. ratio.* temp. rise (atm.). 
20-0 21:3 0-8 7-9 70-0 0-904 2080° 6°38 
25-0 24-4 3°6 5-6 66-4 0-893 2310 7-01 
30-0 25-8 8-1 3°6 62-5 0-885 2415 7-26 
35-0 26-4 13-2 2-2 58-2 0-883, 2455 7°36 
38°5 26-4 17-2 1:3 55:1 0-883 2460 7:38 
45-0 25-3 25-4 0-3 49-0 0-888 2380 7-17 
55-0 20-8 39-9 Trace 39°3 0-906 2045 - 6-29 
(6) From Fenning and Tizard’s data. 

20-0 21-7 0-5 7:7 70-1 0-902 2115° 6-48 
25-0 22 3-0 5-1 66-7 0-888 2385 7-19 
30-0 27-2 6-9 3-0 62-9 0-880 2515 7-52 
35:0 27-9 12-0 1-6 58-5 0-878 2565 7°65 
38°5 27-7 16-1 0-8 55-4 0-878, 2555 7-62 
45-0 25-8 25-0 0-1 49-1 0-886 2415 7-28 
55-0 20-8 39-9 Trace 39°3 0-906 2045 6-29 


* The ratio of the number of molecules present at the moment of maximum 
temperature to the initial number. 


Some of the experiments described in this paper were carried out 
in connexion with a research for the Safety in Mines Research 
Board, to whom our thanks are due for permission to use the results. 
We also wish to thank Mr. E. M. Guénault, M.Sc., for assistance 
with the experimental work. 
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III.—Glyoxaline-4(5)-formaldehyde. 
By WitFrip HvUBBALL and FRANK LEE PYMAN. 


Tuis research had the double object of studying the reactions of 
glyoxalinealdehydes, especially in comparison with benzaldehyde, 
and of determining the orienting effect of the carbonyl group in 
the methylation of these and related compounds. Glyoxaline- 
4(5)-formaldehyde had been shown previously to yield a cyano- 
hydrin and a phenylhydrazone (Pyman, J., 1916, 109, 186); the 
anil, oxime, semicarbazone and sodium bisulphite compound are 
now described. It had been condensed previously with malonic 
acid (Barger and Dakin, Biochem. J., 1916, 10, 376) and with 
hippuric acid, but attempts to convert it into glyoxaline-4(5)- 
acrylic acid by Perkin’s method were unsuccessful (Pyman, loc, 
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cit.). Renewed attempts to effect its condensation with other 
compounds containing reactive methylene groups have been un- 
satisfactory; no condensation product was obtained with acetone, 
whilst condensation with acetophenone or ethyl acetate (by Claisen’s 
method) gave very poor yields of the desired products. It con- 
densed readily, however, with pyruvic acid and 8-naphthylamine, 
yielding 2-[glyoxalinyl-4(5)}-8-naphthacinchoninic acid (I), and with 
dimethylaniline, yielding pp’-tetramethyldiaminodiphenyl[glyoxalinyl- 
4(5)-}methane (II), which gave a dye closely resembling malachite- 
green on oxidation. 


(I.) (II.) 


Glyoxaline-4(5)-formaldehyde is not oxidised by air or ammoniacal 
silver nitrate. It does not undergo Cannizzaro’s reaction, nor 
react with ammonia to give a compound of the hydrobenzamide 
type, being recovered unchanged in each case. It does not restore 
the colour to magenta decolorised by sulphurous acid, and does 
not undergo acetalisation by Fischer and Giebe’s method (Ber., 
1897, 30, 3053). Its aldehyde group does not react with magnesium 
methyl iodide. Attempts to convert it into a benzoin-like com- 
pound by means of potassium cyanide, and to condense it with 
nitromethane by means of alcoholic potassium hydroxide, resulted 
in uninviting resinous compounds.* In short, it does not show 
the properties typical of benzaldehyde which are shared by the 
aldehydes of many non-acidic heterocyclic compounds, ,;such as 
furfuraldehyde, thiophen-«-aldehyde, and pyridine-«-aldehyde, but 
resembles the acidic o- and p-hydroxybenzaldehydes and pyrrole- 
a-aldehyde, which also fail to undergo many of the reactions char- 
acteristic of benzaldehyde (compare Pauly and von Buttlar, Annalen, 
1911, 383, 230). In common with these substances, its behaviour 
may be attributed either to the presence of an acidic group (‘OH 
or :NH), or to stability in the tautomeric hydroxymethylene form, 


HO:CH:C—_N' 
H : 
pT (III.) 


which in this case is represented by the formula (III), and it was 
to be expected that its N-methyl derivatives would show the 
* Details of these negative experiments are not recorded below, but will 


be found in the M.Sc, Tech. thesis of W. Hubball, University of Manchester, 
1922. 
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typical reactions of benzaldehyde, just as anisaldehyde, for example, 
undergoes the Cannizzaro reaction, although p-hydroxybenzalde- 
hyde fails to do so. For this reason and others the preparation 
of N-methylated glyoxalineformaldehydes was attempted by the 
methylation of glyoxalineformaldehyde, and 1-methylglyoxaline- 
5-formaldehyde was isolated but in so poor a yield that its properties 
could not be investigated fully. It proved, however, to undergo the 
Cannizzaro reaction normally, yielding the corresponding acid and 
alcohol (as did also 1 : 4-dimethylglyoxaline-5-formaldehyde, XIV). 

The methylation of glyoxalineformaldehyde was of interest also 
from another point of view. It has been shown previously (Hazel- 
dine, Pyman, and Winchester, J., 1924, 125, 1431; Balaban and 
Pyman, ibid., p. 1564) that methylation of 4(5)-nitroglyoxaline 
and of 4(5)-bromoglyoxaline by methy! salts yields mainly 5-nitro- 
(or bromo)-l-methylglyoxaline with little 4-nitro(or bromo)-1- 
methylglyoxaline, and it was to be expected that the carbonyl 
group of glyoxaline-4(5)-formaldehyde would have a directive effect 
similar to that of the nitro-group, leading to the predominant 
formation of 1-methylglyoxaline-5-formaldehyde. Methylation of 
glyoxaline-4(5)-formaldehyde, however, proceeded very unsatis- 
factorily from the point of view of the formation of its monomethyl 
derivatives, for in several experiments under various conditions a 
considerable proportion was recovered unchanged, this indicating 
the formation of a corresponding quantity of the dimethylated 
quaternary salt. Consequently only poor yields of 1-methylglyoxal- 
ine-5-formaldehyde (IV) were obtained, and the isomeric 1-methyl- 
glyoxaline-4-formaldehyde was not isolated. The constitution of 
the base (IV) was proved through its reduction by hydriodic acid 
and phosphorus to 1 : 5-dimethylglyoxaline (V). On oxidation, 
it gave 1-methylglyoxaline-5-carboxylic acid (V1). 


HO,C-C-NMe OHC-C-NMe CMe-NMe 
ab bo Ggetagg to Boe is 
(VI.) (IV.) (V.) 


The directive influence of the carbonyl group was studied 
further in the methylation of methyl glyoxaline-4(5)-carboxylate 
(VII) and 4(5)-methylglyoxaline-5(4)-formaldehyde. Methylation 
of the ester gave a fair yield (about 37°) of methyl 1-methylglyoxal- 
ine-5-carboxylate (VIII) together with a very small quantity (0-9%) 
of methyl 1-methylglyoxaline-4-carboxylate (IX), some unchanged 
material, and the dimethylated quaternary base isolated as 4(5)- 
carboxy-1 : 3-dimethylglyoxalinium picrate (X). The constitution of 
(VIII) was determined by hydrolysis, the acid (VI) being obtained, 
whilst the constitution of (X) was determined through its formation 
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by methylation and hydrolysis of (VIII), combined with the results 
of methoxyl and N-methyl determinations. 


Me0,C-C- <— (CH-NH —> (QH-NMe 
CH— p> man eT so ee oamaglty OY EE 
ai ) ia (IX.) 

(VI) HO,C-C—-NMe my 
HC—NMe? 
\0-C,H,0,N, 


4(5)-Methylglyoxaline-5(4)-formaldehyde (XII) was prepared by 
the oxidation of 4(5)-methyl-5(4)-hydroxymethylglyoxaline (X1) 
by means of nitric acid; 4(5)-methylglyoxaline-5(4)-carboxylic 
acid (XIII), which had been prepared previously in other ways 
by Gerngross (Ber., 1912, 45, 509), was obtained as a by-product. 
The aldehyde has not been described previously, although Gern- 
gross (loc. cit.) prepared its anil from 4(5)-methylglyoxaline-5(4)- 
glyoxylic acid. 


HO-CH,-C—NH OHC-C—NH HO,C-C—NH 
GMe-n7CH > (MeN? CMe-NeCH 
(XI.) (XII.) (XIII.) 
OHC-C-NMe HO,C-C-NMe CH-NMe 
= H 
CMe-N7 CH —> CMe-n7 OE CMe—n70 
(XIV.) (XV.) (XVI.) 


Methylation of 4(5)-methylglyoxaline-5(4)-formaldehyde pro- 
ceeded more smoothly than that of the lower homologue, and 
1 : 4-dimethylglyoxaline-5-formaldehyde (XIV) was obtained in fair 
yield, but none of the isomeric 1 : 5-dimethyl-4-formaldehyde could 
be isolated. The constitution of (XIV) was determined (1) by 
oxidising it to the corresponding acid, 1 : 4-dimethylglyoxaline- 
5-carboxylic acid (XV), and decarboxylating this, 1 : 4-dimethyl- 
glyoxaline (XVI) being formed, and (2) through its formation by 
the oxidation of 1 : 4-dimethyl-5-hydroxymethylglyoxaline (Grindley 
and Pyman, J., 1927, 3128). The results of methylating glyoxal- 
ine-4(5)-formaldehyde, its 5(4)-methyl homologue, and methyl 
glyoxaline-4(5)-carboxylate show clearly that the carbonyl group, 
like the nitro-group and bromine atom, leads to the predominant 
formation of 5 : 1-methyl derivatives. 


EXPERIMENTAL. 


Glyoxaline-4(5)-formaldehyde has M 96 (by Rast’s method) 
(Cale. for C,H,ON,: M, 96). The nitrate crystallises from water 


sults 


CH 


od) 
ter 


HUBBALL AND PYMAN: GLYOXALINE-4(5)-FORMALDEHYDE. 25 


in colourless, elongated plates, m. p. 165° (corr.) (Found: C, 30-1; 
H, 3-2; N, 26-5. C,H,ON,,HNO, requires C, 30:2; H, 3-1; N, 
26-49%). The hydrochloride crystallises from water in colourless 
plates which are hygroscopic and after drying over sulphuric 
acid melt at 169—170° (corr.) (Found in dried salt: Cl, 26-6. 
},H,ON,,HCl requires Cl, 26-8%). 

Glyoxaline-4(5)-methylideneaniline.—The aldehyde (1 g.) dissolved 
in aniline (1-5 g.), but the clear liquid soon solidified. The anil 
crystallised from water in long, stout, colourless needles, m. p. 
142—143° (corr.) (Found: C, 70-0; H, 55; N, 24-3. C,)H,N, 
requires C, 70-2; H, 5:3; N, 246%). It is sparingly soluble in 
cold water, but readily soluble in alcohol or acetone. 

Glyoxaline-4(5)-formaldoxime.—The aldehyde (0-5 g.), hydroxyl- 
amine hydrochloride (0-35 g.), and sodium carbonate (0-25 g.) gave 
on keeping in aqueous solution 0-53 g. of the oxime, m. p. 181— 
183°. After recrystallisation from alcohol, it formed colourless 
prisms, m: p. 183—184° (corr.) (Found: C, 43-0; H, 4-6; N, 37-7. 
C,H,ON, requires C, 43-2; H, 4:5; N,37-8%). Itis very sparingly 
soluble in cold water, alcohol, or acetone. 

Glyoxaline-4(5)-formaldehyde semicarbazone, prepared from the 
aldehyde, semicarbazide hydrochloride, and sodium acetate in 75% 
yield, crystallised from water in colourless needles containing 1H,O, 
m. p. (after drying) 223—224° (corr.) (Found in air-dried substance : 
loss at 120°, 11-2. C,;H,ON,;,H,O requires H,O, 105%. Found in 
substance dried at 110°: C, 39:4; H, 4:4; N, 45-9. C,;H,ON; 
requires C, 39-2; H, 4:6; N, 45-8%). It is fairly readily soluble 
in hot water, but sparingly soluble in cold water or hot alcohol. 

The glyoxaline-4(5)-formaldehyde-sodium bisulphite compound 
crystallised from water in colourless plates, which darkened 
on heating to 200° (Found in air-dried material: Na, 11-1. 
C,H,O,N,SNa requires Na, 11:5%). It is very readily soluble in 
hot water, moderately soluble in cold water, and almost insoluble 
in alcohol. 

Glyoxaline-4(5)-formaldehyde and Acetone.—An attempt to con- 
dense the aldehyde with acetone under the conditions employed 
by Claisen (Ber., 1881, 14, 2468) for the condensation of benz- 
aldehyde with acetone was unsuccessful. After a mixture of 
glyoxalineformaldehyde (0-3 g.), acetone (0-3 c.c.), and 10°% aqueous 
potassium hydroxide (3 ¢.c.) had been kept for several days, the 
aldehyde was recovered in 64% yield. 

Glyoxaline-4(5)-formaldehyde and Acetophenone.—Dry hydrogen 
chloride was passed through a solution of glyoxaline-4(5)-form- 
aldehyde (1 g.) and acetophenone (1-26 g.) in glacial acetic acid 
for 3 hours. The solution was heated at 100°, kept over-night, 
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and mixed with aqueous sodium carbonate; an oil (0-6 g.) then 
separated. This was converted into picrate and crystallised 
fractionally; it then gave the picrate of the unchanged aldehyde 
(0-5 g.; yield, 148%), and a second picrate (0-07 g., m. p. 201° 
[corr.]; yield, 3-2%), which crystallised from water in yellow 
needles and gave fairly satisfactory analytical figures for glyoxaline- 
4(5)-methylideneacetophenone picrate (Found in air-dried salt: 
C, 51-2; H, 2-9; N, 16-6. C,,H,ON,,CsH,O,N, requires C, 50-6; 
H, 3:0; N, 16-4%). 

Glyoxaline-4(5)-formaldehyde and Ethyl Acetate——In an attempt 
to condense these substances by Claisen’s method (Ber., 1890, 23, 
976), glyoxalineformaldehyde (1 g.), ethyl acetate (5 c.c.), and 
sodium (0-25 g.) were mixed and kept, first at the ordinary tem- 
perature and then on the water-bath. The product consisted of 
an ethyl acetate solution and a residue. The latter gave glyoxaline- 
formaldehyde picrate in 40% yield, whilst the substance dissolved 
in the ethyl acetate solution gave with picric acid a salt which, 
after repeated crystallisation from water, formed yellow needles, 
amounted to 0-15 g. (yield, 5%), blackened and decomposed at 
250° after sintering from 230°, and gave figures on analysis indicating 
that it was the picrate of ethyl urocanate (ethyl glyoxaline-4(5)- 
acrylate) (Found: C, 42-4; H, 3-7. C,H,j90.N.,C,H,0,N, requires 
C, 42-5; H, 4:2%). Attempts to repeat the preparation of this 
compound were unsuccessful. 

2-[Glyoxalinyl-4(5) |-8-naphthacinchoninic Acid (I).—The aldehyde 
(1 g.), pyruvic acid (1 g.), and 8-naphthylamine (1-5 g.) were boiled 
in alcohol for 1 hour; the above acid (1-82 g.; yield, 62%) then 
separated. It crystallised from dilute acetic acid in very fine, 
yellow needles, decomp. 300° (Found: C, 70-5; H, 3:8; N, 14-6, 
C,,H,,0,N, requires C, 70-6; H, 3-8; N, 145%). It is sparingly 
soluble in hot dilute acetic acid and almost insoluble in cold dilute 
acetic acid. 

pp’-Tetramethyldiaminodiphenyl{glyoxalinyl-4(5)-}methane (II).— 
The aldehyde (1 g.), dimethylaniline (2-5 g.), and concentrated 
hydrochloric acid (2 g.) were heated for 4 hours at 100°. The 
viscous product was dissolved in water, basified with sodium 
carbonate, and distilled with steam to remove unchanged dimethyl- 
aniline. After cooling, the aqueous solution was decanted, and 
the amorphous product which had separated on the sides of the 
distillation flask was crystallised from alcohol. Yield, 1-73 g.; 
52%. It was dissolved in alcohol and precipitated by ether; it 
then formed colourless clusters of needles, m. p. 190° (corr.), which 
soon became green in the air (Found: C, 74:9; H, 7-5; N, 17-6. 
Cy9H,,N, requires C, 75-0; H, 7-5; N, 17-5%). The leuco-base 
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gave a clear, almost colourless solution in dilute hydrochloric 
acid. 

Oxidation. The leuco-base (0-22 g.) was dissolved in water (100 
c.c.) and very small quantities of hydrochloric and acetic acids, and 
lead dioxide paste (2 g.) was added gradually at 5° with constant 
shaking. After 5 minutes, sodium sulphate (0-25 g.) was added to the 
deep green solution, and lead sulphate was removed. The filtrate 
was mixed with ammonia; the colour base was then precipitated 
as a purple, crystalline powder (yield, 0-18 g.; 80%). It dissolves 
in acids to give deep green solutions, and dyes tanned cotton 
jade-green. 

Methylation of Glyoxaline-4(5)-formaldehyde——When glyoxaline- 
formaldehyde (1 g.) and methyl sulphate (1 c.c.) were mixed and 
warmed gently, a vigorous reaction took place. The product was 
dissolved in water, basified with sodium carbonate, and extracted 
with ether, crude 1-methylglyoxaline-5-formaldehyde (0-1 g.) being 
thus removed. It was converted into picrate and gave after 
crystallisation 0-2 g. of the pure salt (yield, 5-7%). From the 
alkaline mother-liquor glyoxalineformaldehyde was recovered as 
picrate in 44% yield. 

Methylation of glyoxalineformaldehyde with either methyl 
iodide or methyl sulphate and sodium hydroxide gave none of the 
required product. 

1-Methylglyoxaline-5-formaldehyde picrate crystallises from water 
in yellow, elongated plates, m. p. 170° (corr.) (Found: C, 39-1; 
H, 2:7; N, 20-7. C,;H,ON,,C,H,0,N;, requires C, 38-9; H, 2-6; 
N, 20:7%). The corresponding base (IV) crystallised from alcohol 
in colourless prisms, but the quantity available was insufficient 
for its complete purification by reason of its hygroscopic char- 
acter. It was very readily soluble in water, alcohol, ether, or 
chloroform. 

The nitrate crystallises from water in colourless prisms, m. p. 175° 
(corr.; eff.). Its aqueous solution reacts acid to litmus [Found 
in salt dried at 100° (loss 2-2%): C, 34-4; H,4:2. C;H,ON,,HNO, 
requires C, 34:6; H, 4:1%]. 

Reduction. 1-Methylglyoxaline-5-aldehyde (0-34 g.), red phos- 
phorus (0-004 g.), and hydriodic acid (2 c.c.) were heated for 6 hours 
at 160°. The product was mixed with water and extracted with 
chloroform, then the aqueous solution was saturated with potassium 
carbonate and again extracted with chloroform. This left an oil 
which was converted into picrate, and after recrystallisation from 
water 1 : 5-dimethylglyoxaline picrate (0-38 g.; yield, 38%; m. p. 
168—169°) was obtained. It did not depress the m. p. of a known 
specimen of 1 : 5-dimethylglyoxaline picrate, but its mixtures with 
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1 : 4-dimethylglyoxaline picrate (m. p. 167—168°) and 1-methy]l- 
glyoxaline-5-formaldehyde picrate (m. p. 170°) were depressed to 
136—142° and 145—150°, respectively. 

Oxidation. To 1-methylglyoxaline-5-aldehyde (0-48 g.) in water 
(5 c.c.), potassium permanganate (0-44 g.) and sulphuric acid (0-4 
c.c.) in water (20 c.c.) were added. After 4 hours, the mixture 
was heated for } hour at 100°, then basified with sodium carbonate, 
filtered from inorganic matter, and extracted with chloroform. 
This took up unchanged aldehyde, which was recovered as picrate 
in 16% yield. The aqueous mother-liquor was rendered faintly 
acid and evaporated to dryness, and the residue was extracted with 
absolute alcohol. The extracted substance was mixed with alcoholic 
picric acid; 5-carboxy-1-methylglyoxaline picrate then separated in 
14% yield (0-24 g.; m. p. 197—198°). This salt crystallises from 
water in large, anhydrous, irregular leaflets, m. p. 198—199° (corr. ; 
eff.). It is sparingly soluble in cold water or alcohol, but readily 
soluble in hot water (Found: C, 37-5; H, 2-5; N, 19-6. 

C;H,O,N,,C,H,0,N, 
requires C, 37:2; H, 2-5; N, 19-7%). 

Action of potassium hydroxide. 1-Methylglyoxaline-5-form- 
aldehyde (0-24 g.) was dissolved by warming with 50% aqueous 
potassium hydroxide (3 c.c.). The solution was kept for 24 hours, 
acidified faintly with hydrochloric acid, and evaporated to dryness. 
The residue was extracted with absolute alcohol, and picric acid 
added; 1-methyl-5-hydroxymethylglyoxaline picrate (0-28 g.; m. p. 
166°; yield, 37-5°%%) then separated first, followed by 5-carboxy- 
1-methylglyoxaline picrate (0-23 g.; m. p. 192—196°; yield, 30%). 
The latter did not depress the m. p. of an authentic specimen. 

1-Methyl-5-hydroxymethylglyoxaline picrate crystallised from water 
in yellow prisms, m. p. 166° (corr.). It is sparingly soluble in cold 
water [Found in salt dried at 100° (loss 0-6%): C, 38-9; H, 3:3. 
C;H,ON,,C,H,0,N, requires C, 38:7; H, 3:2%]. 

4(5)-Methylglyoxaline-5(4)-formaldehyde (XII).—5(4)-Methy1-4(5)- 
hydroxymethylglyoxaline (8 g.) was oxidised by heating on the 
water-bath with nitric acid (12 ¢.c.; d 1-42), and the product was 
worked up as in the oxidation of the lower homologue (Pyman, 
J., 1916, 109, 188); 4(5)-methylglyoxaline-5(4)-formaldehyde (4-5 g., 
crude; m. p. 150—160°; yield, 57%) and 4(5)-methylglyoxaline- 
5(4)-carboxylic acid (1:3 g., crude; m. p. 202°; yield, 14-4%) 
were then obtained. After recrystallisation from water, the acid 
formed clusters of long needles, m. p. 222—223° with effervescence. 
Gerngross (loc. cit.) gives m. p. 223°. 

4(5)-Methylgiyoxaline-5(4)-formaldehyde crystallises from water in 
anhydrous, colourless, elongated prisms, m. p. 167° (corr.). It is 
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sparingly soluble in cold water, but readily soluble in alcohol 
(Found: C, 54:8; H, 5-6. C;H,ON, requires C, 54-6; H, 5-5%). 
The picrate crystallises from water in anhydrous, yellow needles, 
m. p. 180—181° (corr.) (Found: C, 38-6; H, 2-8; N, 21-1. 
C;H,ON,,C,H,O,N, requires C, 38:9; H, 2-7; N, 207%). The 
anil, prepared from this aldehyde in the usual way, crystallised 
from alcohol in colourless plates, m. p. 224° (corr.) (Found: C, 
71-2; H, 61. Cale.: C, 71-4; H, 59%). Gerngross (loc. cit.), 
who prepared this anil from 4(5)-methylglyoxaline-5(4)-glyoxylic 
acid, gives m. p. 224°. 

Preparation of 1 : 4-Dimethylglyoxaline-5-formaldehyde (XIV).— 
(A) By methylation of 4(5)-methylglyoxaline-5(4)-formaldehyde. 4(5)- 
Methylglyoxaline-5(4)-formaldehyde (9-4 g.) and methyl sulphate 
(9-4 c.c.) were heated at 100° for 20 minutes. The product was 
mixed with aqueous sodium carbonate, and extracted with chloro- 
form, which collected 5-24 g. of colourless needles, m. p. (crude) 
50—70°. This was added to picric acid (12 g.) in methyl alcohol; 
11-0 g. of pure 1: 4-dimethylglyoxaline-5-formaldehyde picrate 
(yield, 36%) were then obtained. The aqueous alkaline liquor 
was neutralised with hydrochloric acid and evaporated to dryness, 
and the residue extracted with alcohol, which removed crude 
unmethylated aldehyde. This was purified as picrate, 5-1 g. (17% 
unchanged) being obtained. 

(B) By oxidation of 1: 4-dimethyl-5-hydroxymethylglyoxaline. 
1 : 4-Dimethyl-5-hydroxymethylglyoxaline (2:77 g.) was oxidised 
with concentrated nitric acid (3 c.c.), and the product worked up 
for the aldehyde in the usual way; 2-5 g. (yield, 92%), m. p. 60— 
70°, were obtained. 

1 : 4-Dimethylglyowaline-5-formaldehyde crystallises from water in 
colourless, elongated prisms, containing 1H,O, which melt at 70° 
(corr.) after drying in a vacuum (Found : loss, 13-4. C,H,ON,,H,O 
requires H,O, 12:7%. Found in dried substance: C, 57-9; H, 
6-3; N, 22-6. C,H,ON, requires C, 58:1; H, 6:5; N, 226%). 
It is very readily soluble in water, alcohol, or chloroform, and 
slightly soluble in ether. The picrate crystallises from water in 
small, yellow, anhydrous needles, m. p. 212—213° (corr.). It is 
almost insoluble in cold water, alcohol, or acetone (Found: C, 
40-9; H, 3:2; N, 19-8. C,H,ON,,C,H,0,N, requires C, 40:8; 
H, 3-1; N, 198%). 

Oxidation. 1 : 4-Dimethylglyoxaline-5-formaldehyde is very re- 
sistant to oxidation. It was recovered to the extent of 85% 
unchanged after heating with 10 parts of concentrated nitric acid 
for 5 hours at 120°, but could be oxidised to the carboxylic acid by 
means of acid permanganate. The aldehyde (0-8 g.) in water 
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(25 ¢.c.) was cooled with ice, and a solution of potassium per- 
manganate (0-6 g.) and sulphuric acid (0-4 c.c. conc.) in water 
(50 c.c.) was added in the course of 2 hours. The solution was 
filtered, concentrated to small bulk, mixed with sodium carbonate, 
filtered from manganese carbonate, made faintly acid to methy]l- 
orange with hydrochloric acid, and extracted with ether and chloro- 
form, which removed unchanged aldehyde (0-33 g.; yield, 41%). 
The aqueous solution was evaporated to dryness under diminished 
pressure, and the residue extracted with absolute alcohol. The 
extract gave on evaporation a colourless solid (0-54 g.), which was 
converted into the picrate, and this crystallised from water, 1-08 g. 
of pure 5-carboxy-1 : 4-dimethylglyoxaline picrate being obtained ; 
yield, 45%. 

1 : 4-Dimethylglyoxaline-5-carboxylic acid crystallises from water 
in colourless, anhydrous needles, m. p. 205—206° (corr.; eff.) 
(Found: C, 51-3; H, 5:7. Cg,H,O,N, requires C, 51-4; H, 5-7%). 
It is readily soluble in water or alcohol, but insoluble in ether or 
acetone. The picrate crystallises from water in small, yellow 
needles containing 1H,O and after drying at 100° has m. p. 186— 
187° (corr.) (Found in air-dried salt: loss at 100°, 4-6. 

C,H,O,N,,C,H,0,N3,H,O 
requires H,O, 46%. Found in dried salt: C, 39-3; H, 3-0. 
C,H,O,N,,C,H,0,N; requires C, 39-0; H, 30%). 

Decarboxylation. When the acid (0-14 g.) was heated above its 
m. p., it effervesced and an oil distilled. The distillate and residue 
were combined, and converted into picrate. After crystallisation 
from water, 0-11 g. of a picrate (yield, 34%), m. p. 166—167°, was 
obtained, and identified as 1 : 4-dimethylglyoxaline picrate (m. p. 
167—168°), since it did not depress the m. p. of this salt in admixture 
with it. A mixture of this picrate with 1 : 5-dimethylglyoxaline 
picrate (m. p. 168—169°) melted at 133—135°, and a mixture with 
5-carboxy-1 : 4-dimethylglyoxaline picrate melted at 146—148°. 

Action of potassium hydroxide. 1 : 4-Dimethylglyoxaline-5-form- 
aldehyde (0-65 g.) was dissolved in a solution of potassium hydroxide 
(5-0 g.) in water (10 c.c.), and the mixture kept for 24 hours. The 
product was acidified faintly with hydrochloric acid and evaporated 
to dryness, and the residue extracted with absolute alcohol. Picric 
acid was added to the extract, and the picrates were crystallised 
fractionally ; 1 : 4-dimethyl-5-hydroxymethylglyoxaline picrate (0-84 
g.; m. p. 166—167°, alone or mixed with a known specimen; yield, 
45%) and 5-carboxy-1 : 4-dimethylglyoxaline picrate (0-21 g.; m. p. 
203—204°, alone or mixed with a known specimen; yield, 14%) 
were then obtained. 
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Methylation of Methyl Glyoxaline-4(5)-carboxylate—Methyl glyox- 
aline-4(5)-carboxylate (4:5 g.) and methyl sulphate (4-5 c.c.) were 
mixed and warmed gently. After the vigorous reaction had sub- 
sided, the mixture was heated for 4 hour at 100°, then basified 
with sodium carbonate, and extracted with chloroform. The 
chloroform on evaporation left an oil (3-1 g.), which was converted 
into picrate, and this crystallised from methyl alcohol; 5-carbo- 
methoxy-1-methylglyoxaline picrate (4-38 g.; m. p. 169°; yield, 
326%) and 4(5)-carbomethoxyglyoxaline picrate (0-47 g.; yield, 
3°7%) were then isolated. The aqueous mother-liquor was neutral- 
ised with hydrochloric acid, and evaporated to dryness under 
diminished pressure. The residue was extracted with absolute 
alcohol and the extracted material was converted into picrate and 
recrystallised from water; 4(5)-carboxy-1 : 3-dimethylglyoxalinium 
picrate (1-72 g., m. p. 216—217°; yield, 13-1%) was then obtained. 
In a subsequent experiment in which 9 g. of ester were methylated, 
rather better yields were obtained, namely, 37°% of 5-carbomethoxy- 
1-methylglyoxaline picrate, 26% of the picrate of the unchanged 
ester, and 16% of the 4(5)-carboxy-1 : 3-dimethylglyoxalinium 
picrate; in addition a very small quantity of picrate (0-24 g.; m. p. 
171—172° [corr.]; yield, 0-9°%) was isolated which was doubtless 
methyl 1-methylglyoxaline-4-carboxylate, judging from the results of 
analysis and the fact that it depressed the m. p. of the other products 
of the reaction (Found: C, 39:2; H, 3-0. C,H,O,N,,C,H,0,N, 
requires C, 39:0; H,3-0%). This substance crystallised from water 
in yellow prisms, m. p. 171—172° (corr.), which were sparingly 
soluble in cold water or alcohol. 

Methyl 1-methylglyoxaline-5-carboxylate crystallises from absolute 
methyl alcohol in colourless, elongated prisms, m. p. 68—70° 
(corr.) (Found: C, 51:3; H, 5-8; N, 20:2. C,H,O,N, requires 
C, 51-4; H, 5:7; N, 200%). It is soluble in water, alcohol, or 
chloroform, but sparingly soluble in cold ether. 

The picrate crystallises from water in small, yellow, anhydrous 
prisms, m. p. 171° (corr.) (Found: C, 39-3; H, 3-2; N, 18-7; OMe, 
91; NMe, 7-6. C,H,O,N,,C,H,0,N, requires C, 39-0; H, 3-0; 
N, 19-0; OMe, 8-8; NMe, 7-9%). It is sparingly soluble in cold 
water, methyl or ethyl alcohol. 

4(5)-Carboxy-1 : 3-dimethylglyoxalinium jicrate crystallises from 
water in fine, yellow, anhydrous needles, m. p. 220—221° (corr.) 
(Found: C, 39:3; H, 3-2; N, 19:2; OMe, nil; NMe, 15-5. 
C,.H,,0,N, requires C, 39-0; H, 3:0; N, 19-0; 2NMe, 15-5%). 
It is sparingly soluble in cold water or alcohol. This salt was also 
prepared by methylating pure methyl 1-methylglyoxaline-5-carb- 
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oxylate (1 g.) by heating with methyl sulphate (1 c.c.), hydrolysing 
the product with sodium hydroxide, and isolating the final product 
as picrate as previously described; yield, 54%. 
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IV.—Syntheses in the Indole Series. Part II. 
5: 6-Benz-4-carboline and its Derivatives. 


By Wru1AmM Ocitvy Kermack and Ropert Henry SLATER. 


It has of recent years been shown that certain naturally occurring 
alkaloids are derivatives of 4-carboline. Methods for the synthesis of 
the analogous 5: 6-benz-4-carboline (I; R = H) and its derivatives are 
now described. One derivative (II) of this base has been prepared by 


OMe 


OMe 
MeO 
MeO (II.) 
NH Me 


Lawson, Perkin, and Robinson (J., 1924, 125, 629) as a step in the 
synthesis of apoharmine, but their method is not generally applicable. 
The methods to be described render 5 : 6-benz-4-carboline and its 
homologues comparatively readily accessible and the detailed 
examination of the reactions and physiological properties of syn- 
thetic polynuclear bases of this type has thus become feasible. 

Two schemes were investigated for the synthesis of benzcarboline 
derivatives. In the first, an attempt was made by condensing 
o-nitrobenzyl chloride with ethyl acetoacetate, to obtain ethyl 
o-nitrobenzylacetoacetate, which it was thought might yield 
3-methyl-5 : 6-benz-4-carboline (benzharman) (I; R = Me) by a 
similar method to that used by Manske, Perkin, and Robinson (J., 
1927, 2) for the synthesis of harmaline. Under various conditions, 
however, the products of the condensation were the compound 
(m. p. 103°) formulated by Reissert (Ber., 1896, 29, 637) as 
CH,*CO-C(CO,Et)(CH,°C,H,*NO,)., and an isomeride, m. p. 183°, 
which was insoluble in aqueous sodium carbonate but soluble in 
sodium hydroxide solution. It is difficult to formulate the latter 
otherwise than as 

NO,°C,H,CH,°CH(C,H,NO,)*CH(CO,Et)-CO-CH3. 

For the second scheme o-nitrophenylpyruvic acid was required in 

large quantities. The original method of preparation described by 
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Reissert (Ber., 1897, 30, 1036) gave yields of less than 50% and the 
procedure necessary to obtain the pure crystalline acid was very 
laborious and sometimes uncertain. We have found that, when 
special precautions are taken, Blaikie and Perkin’s method (J., 
1924, 125, 310), in which certain methoxy-derivatives of o-nitro- 
toluene are condensed with ethyl oxalate in ethereal solution in the 
presence of potassium ethoxide, can be utilised for the preparation 
of o-nitrophenylpyruvic acid in excellent yield and in a state of 
high purity. 

The phenylhydrazone of o-nitrophenylpyruvic acid (Reissert, 
Ber., 1897, 30, 1038) readily underwent the Fischer indole condens- 
ation when its boiling alcoholic solution was saturated with dry 
hydrogen chloride. The resulting ethyl 3-0-nitrophenylindole- 
2-carboxylate was converted through the potassium salt into the acid 
(f11; R =H), which was readily obtained in a pure condition. 
The alkaline mother-liquor from the preparation of the potassium 
salt contained 3-0-nitrophenylindole, formed, apparently, during the 
indole cyclisation by loss of carbon dioxide: the amount formed 
varied with the duration of boiling during the saturation with 
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hydrogen chloride; in some experiments a large yield was obtained 
accompanied by very little acid. Attempts to increase the yield 
of the acid by carrying out the saturation at 50° did not lead to the 
desired result, since the potassium salt isolated after boiling with 
alcoholic potassium hydroxide consisted mainly of that of the 
unchanged phenylhydrazone. 

When 3-o-nitrophenylindole-2-carboxylic acid or its calcium salt 
was heated, some 3-o-nitrophenylindole was produced; the ammon- 
ium salt, however, decomposed smoothly at 270—280°, and 3-o-nitro- 
phenylindole was obtained in very good yield. 

3-o-Nitrophenylindole-2-carboxylic acid was reduced by zinc 
dust in acetic acid solution; ring closure also occurred, the product 
being 3-keto-3 : 4-dihydro-5 : 6-benz-4-carboline (IV; R =H). The 
facility with which ring closure takes place, even in an alkaline 
solution, is shown by the fact that, in an experiment in which the 
reduction was carried out by means of ferrous sulphate and ammon- 
ium hydroxide so that the solution remained alkaline, no product 
of the reduction could be detected in the filtrate from the ferric oxide, 
but the product was obtained as the carboline derivative after 


dissolution of the ferric oxide in dilute hydrochloric acid. 
c 
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The conversion of 3-keto-3 : 4-dihydro-5 : 6-benz-4-carboline (IV ; 
R = H) into 5 : 6-benz-4-carboline (I; R = H) presented difficulties 
and only when it was reduced with zinc dust in a current of hydrogen 
could a small amount of the base be obtained. This and other 
carboline bases, however, can be obtained, as described below, from 
3-o-nitrophenylindole. 

The reduction of 3-0-nitrophenylindole to the corresponding 
amino-compound proceeds satisfactorily only under special con- 
ditions. When it was reduced in acetic acid solution with zinc 
dust, a non-basic substance, m. p. about 265°, was obtained, the 
constitution of which has not yet been elucidated. Owing, appar- 
ently, to the insolubility of the nitrophenylindole in water, reduction 
with tin and hydrochloric acid or with stannous chloride solution 
did not take place. When a solution of the compound in boiling 
alcohol containing hydrochloric acid was treated with tin, reduction 
occurred, but very little or none of the aminophenylindole could be 
isolated from the reaction product. It appeared that this difficulty 
was due to the fact that the base forms very sparingly soluble 
compounds both with stannic salts and with hydrochloric acid and 
that the former are not readily decomposed by alkali. Ultimately 
it was found that 3-0-aminophenylindole could be readily obtained 
in good yield by reduction of the nitro-compound in alcoholic 
solution with iron and hydrochloric acid (compare West, J., 1925, 
127, 494). 

When 3-0-aminophenylindole was refluxed with anhydrous formic 
acid 3-0-formamidophenylindole was obtained mixed with a small 
quantity of 5 : 6-benz-4-carboline (I; R= 4H). The crude formyl 
derivative itself, on treatment in boiling toluene with phosphoryl 
chloride, was converted into this base. 

Various homologues of 5 : 6-benz-4-carboline were prepared in a 
similar manner, e.g., 3-methyl-5 : 6-benz-4-carboline (1; R = Me) 
from 3-0-acetamidophenylindole, which was obtained in excellent 
yield from 3-o-aminophenylindole in boiling acetic anhydride. 
When 3-o-acetamidophenylindole was boiled for a long time 
with acetic anhydride, with or without the addition of zinc chloride, 
the extent of ring closure, as manifested by the appearance of a 
fluorescence, was so small that none of the benzcarboline could be 
isolated. Saturation of a solution of the acetyl derivative in alcohol 
with hydrogen chloride, and addition of phosphorus pentoxide to a 


solution in boiling benzene, were even less effective, as in neither [| 


case was there even a development of the fluorescence. 

3-Methyl-5 : 6-benz-4-carboline has many points of resemblance 
to harman : it gives none of the usual indole reactions, but exhibits 
a marked blue fluorescence in acid solutions. It appears to be a 
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much weaker base than harman and it shows no tendency to absorb 
carbon dioxide from the atmosphere (compare diveratroharmyrine 
[II], which is so strongly basic that special precautions had to be 
taken to exclude carbon dioxide during its preparation). When 
precipitated from cold solutions it exhibits no tendency to form a 
gelatinous mass like that characteristic of the tetramethoxy- 
compound; this property of the latter compound, therefore, does 
not depend merely on the nuclear structure. 

3-0-Propionamidophenylindole was converted by the phosphoryl 
chloride method into 3-ethyl-5 : 6-benz-4-carboline (I; R = Et). 
Apart from a tendency to combine with and retain solvents, this 
compound closely resembles 5 : 6-benz-4-carboline and the methyl 
derivative in its properties. 

Unlike o-nitrophenylpyruvic acid phenylhydrazone, o-nitro- 
phenylpyruvic acid phenylmethylhydrazone, 

NO,°C,H,°CH,°C(CO,H):N-NPhMe, 

underwent the Fischer indole condensation when acted upon with 
dilute hydrochloric acid. This result is in accord with the general 
experience that hydrazones prepared from phenylmethylhydrazine 
undergo indole cyclisation with much greater ease that the corre- 
sponding ones obtained from phenylhydrazine. The product of 
the reaction was 3-0-nitrophenyl-1-methylindole-2-carboxylic acid 
(IIL; R = Me), which is very similar in its properties to 3-o-nitro- 
phenylindole-2-carboxylic acid; e.g., it was converted by zinc 
dust and acetic acid into 3-keto-1-methyl-3 : 4-dihydro-5 : 6-benz- 
4-carboline (IV; R = Me), and when heated to 250° it decomposed 
with evolution of carbon dioxide and formation of 3-0-nitrophenyl- 
l1-methylindole. This was reduced in alcoholic solution to the 
corresponding amino-compound by means of iron filings and 
hydrochloric acid. 3-0-Aminophenyl-1-methylindole is peculiar in 
that it has an old-gold colour and is only sparingly soluble in alcohol 
and ether, whereas 3-0-aminophenylindole itself is colourless and is 
readily soluble in these solvents. Further, the N-methyl derivative 
melts 47° higher than the parent base; in all other cases the melting 
point of the methyl derivative is lower than that of the compound 
from which it is derived. These facts suggest that this compound 
may have a quinonoid structure and that its formula may be (VI) 
rather than (V). 


- a 
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NMe 
3-0-Acetamidophenyl-1-methylindole (VIL) was obtained in excellent 
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yield by acetylation of 3-0-aminophenyl-l-methylindole, and was 
readily converted into 1 : 3-dimethyl-5 : 6-benz-4-carboline (VIII) by 
boiling in toluene solution with phosphoryl chloride. This carboline 
derivative closely resembles 3-methyl-5 : 6-benz-4-carboline, and 
fluoresces strongly in acid solutions. 


(VII.) ez in UN (VIIL.) 
i. MN 
MeN COMe MeN Me 


These compounds are being studied from the point of view of the 
theory of anhydronium base formation in carboline derivatives, and 
it is hoped to submit the results in a future communication. 

A consideration of the formula of 3-0-nitrophenylindole-2-carb- 
oxylic acid (III; R =H) suggests the possibility that the free 
rotation of the o-nitrophenyl group might be inhibited by the 
carboxyl group on the one hand and the projecting apex of the 
benzenoid ring on the other. It appears probable that the optical 
activity of certain diphenyl derivatives is occasioned by the absence 
of free rotation due to steric hindrance (compare Christie and 
Kenner, J., 1922, 121, 614, et seg.), and it was therefore desirable 
to ascertain whether 3-o-nitrophenylindole-2-carboxylic acid could 
be resolved. The brucine salt was prepared, and this well-defined 
compound was recrystallised from alcohol but no sign of resolution 
was observed. The acid, when liberated carefully in the cold from 
its brucine salt, proved to be inactive. It seems, therefore, that 
the projecting apex of the benzenoid ring adjacent to the point of 
attachment of the o-nitrophenyl group is, in this case at least, 
insufficient to prevent free rotation. 


EXPERIMENTAL. 


Condensation of o-Nitrobenzyl Chloride and Ethyl Acetoacetate.— 
Ethyl acetoacetate (13 g.) was added to absolute ethyl alcohol 
(200 ¢.c.) in which sodium (2-3 g.) had been dissolved. To this 
mixture, cooled to 0°, was added o-nitrobenzyl chloride (8-6 g.) dis- 
solved in the minimum quantity of alcohol, and the whole was 
allowed gradually to attain room temperature ; sodium chloride then 
slowly separated. After 12 hours, the mixture was slightly acidified 
with 5% hydrochloric acid and steam-distilled, the- residue was 
extracted with ether, and the combined ethereal extracts were 
shaken with 1°% sodium hydroxide solution. The ethereal solution 
gradually deposited crystals of the compound, m. p. 103°, described 
by Reissert (loc. cit.). From the combined alkaline extracts, 
carbon dioxide precipitated a substance which, after several recrys- 
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tallisations from alcohol, was obtained in brownish-yellow, 
microscopic needles, m. p. 183° (decomp.) (Found : C, 60-0; H, 4-8; 
N, 66; M, ebullioscopic in alcohol, 371. C,. .H,,0,N, requires 
C, 60-0; H, 5-0; N, 70%; M, 400). It is very sparingly soluble 
in most of the usual organic solvents except boiling ethyl alcohol, 
in which it dissolves to the extent of about 2 parts in 100; the 
solution has an intense reddish-brown colour. 

o-Nitrophenylpyruvic Acid.—In the preparation of this acid by 
the method described by Blaikie and Perkin (loc. cit.) it was found 
particularly important to cool the solution of potassium ethoxide 
(prepared from potassium, 19-6 g., and absolute alcohol, 24 g.) and 
ethyl oxalate (73 g.) in ether (500 c.c.) very efficiently before adding 
o-nitrotoluene (68-5 g.) in order to obtain satisfactory results. The 
total yield obtained from carefully dried reactants was 96 g. The 
acid crystallised from benzene in large, pale yellow, octagonal 
plates, m. p. 121° (compare Reissert, Ber., 1897, 30, 1037; Blaikie 
and Perkin, loc. cit., p. 332), but a much purer product, m. p. 130°, 
decomposing at 140°, was obtained from alcohol. 

o-Nitrophenylpyruvic acid phenylhydrazone was prepared by 
heating a mixture of the acid (8-4 g.) and phenylhydrazine (4:8 g.) 
in 50% acetic acid (70 c.c.) for 30 minutes on the steam-bath ; 
the viscid oil that separated, after solidifying, crystallised from 
benzene in pale yellow, well-shaped prismatic needles (yield 10-2 g.), 
m. p. 153-5° (decomp.) (Reissert, Ber., 1897, 30, 1038, gives m. p. 
148—149°). 

The phenylhydrazone is readily soluble in alcohol or glacial acetic 
acid, moderately easily soluble in ether or boiling benzene, and almost 
insoluble in cold benzene or light petroleum. It is only slightly 
soluble in cold dilute sodium hydroxide or sodium carbonate solution, 
but dissolves slowly on warming, giving in the latter case a yellow 
solution from which the original material is deposited on cooling, 
and in the former case ultimately a blood-red solution which smells 
of phenylhydrazine and probably contains sodium o-nitrophenyl- 
pyruvate. The phenylhydrazone is insoluble in concentrated 
hydrochloric acid even on warming and no indication of the form- 
ation, by this treatment, of any indole derivative could be 
obtained. 

3-0-Nitrophenylindole-2-carboxylic Acid (III; R = H).—A boiling 
alcoholic solution of the preceding phenylhydrazone was saturated 
with dry hydrogen chloride, ammonium chloride separating, and 
after hydrolysis of the oil which was precipitated on dilution with 
water 3-o-nitrophenylindole-2-carboxylic acid was isolated in theform 
of the sparingly soluble potassium salt. 

‘The following method is more convenientin practice: A mixture of o- 
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nitrophenylpyruvic acid (80 g.), absolute ethyl alcohol (500 c.c.), and 
phenylhydrazine (50 g.) was boiled for 30 minutes and then cooled 
somewhat, and dry hydrogen chloride passed in; ammonium chloride 
and sometimes a brown solid separated, but the latter redissolved. 
The saturated mixture was boiled for 30 minutes, again saturated 
with dry hydrogen chloride, kept for a few hours, and then diluted 
with water (1000 c.c.). The oil that separated was isolated by 
means of ether and boiled for 30 minutes with a solution of potass- 
ium hydroxide (30 g.) in absolute alcohol (300 c.c.). After 12 hours, 
the reddish-orange crystals which had separated were collected, 
washed with absolute alcohol, and dried in the steam-oven (55 g.). 
The acid, liberated from this potassium salt, crystallised from 
benzene-absolute alcohol in pale yellow, rectangular, prismatic 
needles, m. p. 276° (decomp.) (Found: C, 64:1; H, 3-9; N, 9-8. 
C,;H,,0,N, requires C, 63-8; H, 3-6; N, 9-9%). 

3-0-Nitrophenylindole-2-carboxylic acid is insoluble in water, 
sparingly soluble in benzene or boiling chloroform, but is much 
more free soluble in alcohol. It dissolves readily in hot glacial 
acetic acid and crystallises, on cooling, in pale greenish-yellow 
rhombic plates. From a solution in cold dilute aqueous sodium or 
ammonium hydroxide, excess of the alkali precipitates the sodium 
or ammonium salt. The acid gives with p-dimethylaminobenz- 
aldehyde and hydrochloric acid in alcoholic solution (Ehrlich’s 
reagent) an orange coloration which is unchanged on prolonged 
boiling with excess of hydrochloric acid: no change is observed on 
addition of sodium nitrite to the cooled solution. The vanillin and 
the pine-shaving reaction are negative. 

The calciwm and the barium salt separate from water in sheaves 
of fine, long, golden-yellow needles and in large, yellow, well-shaped, 
rhombic plates respectively, and the bright yellow, crystalline 
magnesium salt in feathery rosettes. The amorphous, yellow lead 
and zinc salts are insoluble in hot water. The brucine salt separates 
readily when alcoholic solutions of the acid and of brucine 
are mixed and crystallises from alcohol in fine, bright yellow, 
rectangular, prismatic needles, m. p. 230° (Found: N, 84. 
C,;H,,0,N,,C.3H,,0,N, requires N, 83%). [a] = — 50-5° in 
1% chloroform solution. 

When the alcoholic mother-liquor from which potassium 
3-o-nitrophenylindole-2-carboxylate had separated was diluted 
with much water an orange-red substance (39 g.) was precipitated. 
(The filtrate gives no precipitate on the addition of hydrochloric 
acid, thus showing that the above method of separating 3-o-nitro- 
phenylindole-2-carboxylic acid as its potassium salt is quantitative.) 
This was freed from a tarry impurity by solution in ether, and 
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recrystallised from light petroleum (b. p. 60—80°), containing a little 
benzene, 3-0-nitrophenylindole being thus obtained in long, bright 
orange, prismatic needles, m. p. 119° (Found: C, 71-0; H, 4-6; 
N, 11-5. C,,H,,0,N, requires C, 70-6; H, 4-2; N, 11-8%). 

3-Keto-3 : 4-dihydro-5 : 6-benz-4-carboline (IV; KR, = H).—Zinec 
dust (20 g.) was added gradually to a solution of 3-o-nitrophenyl- 
indole-2-carboxylic acid (6 g.) in boiling acetic acid (150 c.c. of 80%) 
and the whole refluxed during 30 minutes. The mixture was 
filtered while hot, and the residue extracted thrice with small 
quantities of boiling acetic acid. The combined filtrates were 
poured into an excess of water; the pale pink solid which separated 
(4:5 g.) crystallised from pyridine in snow-white, microscopic, 
rectangular, prismatic needles which showed no tendency to melt at 
316° (Found: C, 76-4; H, 4:6. C,;H,,ON, requires C, 76-9; 
H, 4:3%). 

The same substance was formed when a mixture of 3-o-nitro- 
phenylindole-2-carboxylic acid (2-8 g.), ammonium hydroxide 
(14 c.c.; d 0-880), ferrous sulphate (18 g.), and water (40 c.c.) was 
boiled for 2 hours, and remained undissolved (1-2 g.) when the 
washed precipitate of iron oxide was dissolved in dilute hydrochloric 
acid. 

3-Keto-3 : 4-dihydro-5 : 6-benz-4-carboline is practically insoluble 
in benzene, alcohol, and light petroleum even on boiling, but it is 
moderately easily soluble in hot glacial acetic acid and in pyridine. 
It is best recrystallised from the latter solvent, since its solution in 
acetic acid tends to develop a pink coloration when exposed to the 
atmosphere and the crystals deposited from such a solution are 
coloured. A fine blue fluorescence develops in an acetic acid 
solution and also when the compound is boiled with water containing 
a trace of hydrochloric acid. 

This benzcarboline is in many respects similar to 3-keto-4-methyl- 
3 : 4-dihydro-4-carboline and other derivatives previously described 
(Kermack, Perkin, and Robinson, J., 1922, 121, 1886; Blaikie and 
Perkin, loc. cit., p. 319). With Ehrlich’s reagent it gives no reaction 
in the cold, but a very faint green coloration develops on prolonged 
boiling with excess of concentrated hydrochloric acid ; the colour fades 
on cooling and no further change is observed on addition of aqueous 
sodium nitrite. A faint green coloration, which does not change on 
prolonged boiling, is observed when this compound is treated with 
vanillin and hydrochloric acid. The pine-shaving test is negative. 

3-0-Nitrophenylindole.—This compound, which was first obtained 
as described above, was also prepared by heating 3-o-nitro- 
phenylindole-2-carboxylic acid in quantities of 2 g. at 275—280°, 
carbon dioxide being evolved; when the decomposition appeared to 
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be complete, the temperature was raised to 285—290°. Owing to 
resinification, the yield was very poor. Attempts to increase it by 
heating the acid with glycerol or quinoline, and by heating its 
calcium or potassium salt under atmospheric pressure or in a 
vacuum were unsuccessful. When, however, the ammonium salt 
was heated, in quantities of 2 g., at 270—280°, decomposition took 
place smoothly with evolution of carbon dioxide and ammonia. 
The product, after cooling, was dissolved in ether, and the ethereal 
solution shaken with small volumes of aqueous sodium carbonate 
(5%) to free it from unchanged acid. The subsequent purification 
of the nitrophenylindole was effected as described on p. 39 (yield, 
87%). 

3-0-Nitrophenylindole has a slight indole odour, especiaily when 
heated, and is readily soluble in alcohol and benzene but much less 
soluble in light petroleum. With Ehrlich’s reagent it develops, 
after prolonged boiling with excess of concentrated hydrochloric 
acid, a faint pink colour, which fades on cooling. With vanillin 
and hydrochloric acid it gives a pink coloration on warming. The 
pine-shaving test is negative. __ 

3-0-Aminophenylindole.—Iron filings (20 g.) were added in small 
portions during 30 minutes to a boiling solution of 3-o-nitrophenyl- 
indole (23-8 g.) in 90% alcohol (200 c.c.) containing concentrated 
hydrochloric acid (10 c.c.; d 1-19). Boiling was continued for 
3 hours, sodium ethoxide (4 g. of sodium in 100 c.c. of alcohol) then 
added, and the liquid refluxed for a few minutes. The mixture of 
iron and ferric oxide was filtered off and extracted thrice with 
small quantities of boiling alcohol. The combined filtrate and 
extracts were submitted to steam-distillation to remove the alcohol ; 
the aminophenylindole then separated as a brown oil which solidified 
on cooling. The crude base (17 g.) was freed from any unchanged 
nitro-compound by saturation of its ethereal solution with dry 
hydrogen chloride; the hydrochloride thus quantitatively precipit- 
ated was washed with a little alcohol, and the base was set free by 
the action of warm aqueous sodium hydroxide and isolated by means 
of ether as a yellow oil which solidified. Great difficulty was 
experienced in its further purification. It dissolved on warming in 
most organic solvents, but separated on cooling as an uncrystallisable 
oil. It decomposed below the b. p. when attempts were made to 
distil it under diminished pressure, pungent indole vapours being 
evolved. Ultimately, crystallisation was effected by dissolving the 
base in light petroleum (b. p. 80—100°) containing a little benzene, 
a few chips of potassium hydroxide being added to prevent the 
formation of the carbonate of the base. The base separated partly 
as a yellow oil which slowly solidified and partly in fine, long, 


SYNTHESES IN THE INDOLE SERIES. PART II. 41 


colourless, rectangular needles, m. p. 82°; on further recrystallis- 
ation the melting point fell to 75°. The analytical results indicate 
that the compound was still not quite pure (Found: OC, 79-5; 
H, 6-1. C,,H,,N, requires C, 80-8; H, 58%). 

3-0-Aminophenylindole has a slight aniline odour. It is readily 
soluble in alcohol and benzene, but much less soluble in light 
petroleum. The hydrochloride forms pear-shaped plates, m. p. 288° 
(Found : Cl, 14-5. C,,H,,N,,HCl requires Cl, 14-5%), and is sparingly 
soluble in water; the solution has a very faint blue fluorescence. The 
picrate, prepared from the base and picric acid in benzene, crystal- 
lises from benzene in long, orange needles, m. p. 190°, decomp. 
200° (Found: N, 15-8. C,,H,.N,,C,H,0,N, requires N, 16-0%). 
When 3-0-aminophenylindole is heated with chloroform and alcoholic 
potassium hydroxide no carbylamine odour is produced ; acidification 
of the mixture does not give rise to a fluorescent solution. Ehrlich’s 
reagent gives with this indole compound, on prolonged boiling in 
presence of concentrated hydrochloric acid, a faint pink coloration, 
which disappears on cooling. The addition of sodium nitrite to the 
cooled solution effects no change. Vanillin and hydrochloric acid 
give with this base a faint pink coloration in the cold, which changes 
to green on warming and fades on dilution. The pine-shaving test 
is negative. 3-0-Aminophenylindole hydrochloride is diazotised 
only very slowly and the diazotised solution gives a yellow precipitate 
with an alkaline solution of 8-naphthol. 

5 : 6-Benz-4-carboline (I; R = H).—3-o0-Aminophenylindole 
(2-3 g.) was formylated by boiling under reflux with an excess of 
formic acid (98—99%) for 15 minutes. When the reaction mixture 
was poured into excess of water, the latter exhibited a brilliant 
bluish-green fluorescence due to the formation of a trace of 5 : 6-benz- 
4-carboline by the dehydrating action of the formic acid; this trace 
was precipitated on addition of excess of aqueous ammonia. The 
crude formyl] derivative separated as an oil which solidified slowly 
(2 g.). It was boiled under reflux with perfectly dry toluene 
(8 c.c.) and freshly distilled phosphoryl chloride (5 c.c.) for 2 
hours, hydrogen chloride being slowly evolved; as the reaction 
neared completion, a dark, viscid oil separated, which solidified on 
cooling. The liquor was decanted, the solid washed several times 
with light petroleum (b. p. 60—80°) and dissolved in an excess of 
alcoholic potassium hydroxide (20%), and the filtered solution 
poured into an excess of water; the resulting emulsion slowly 
deposited yellow, needle-shaped crystals of the benzcarboline 
(1-4 g.). This was dissolved in boiling dilute hydrochloric acid, 
reprecipitated by ammonia, and crystallised from benzene con- 
taining a little solid potassium hydroxide, 5 : 6-benz-4-carboline 

C2 
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being obtained in pale yellow, microscopic needles, m. p. 245° 
(Found: C, 82-9; H, 4-8. C,H, N, requires C, 82-6; H, 4-6%). 
The base gives none of the usual indole reactions, and inacid solutions 
it exhibits a beautiful bluish-green fluorescence. 

5 : 6-Benz-4-carboline was also obtained when 3-keto-3 :4-dihydro- 
5 : 6-benz-4-carboline (2-5 g.) was distilled over a large excess of 
zinc dust in a current of hydrogen. The small quantity of light 
brown oil that condensed in the unheated portions of the tube and 
slowly solidified crystallised from benzene in fine, needle-shaped 
crystals; it then melted at 243°, and at 244° in admixture with 
5 : 6-benz-4-carboline prepared as described above. 

3-Methyl-5 : 6-benz-4-carboline (I; R =Me).—A solution of 
3-o-aminophenylindole (16 g.) in freshly distilled acetic anhydride 
(40 c.c.) was boiled under reflux for 30 minutes and then poured into 
much water; this acquired a fine blue fluorescence and 0-6 g. of the 
carboline was isolated from it. The aqueous mixture was warmed 
on the water-bath; the oil which separated solidified slowly after 
cooling (18-5 g.) and was then crystallised from aqueous alcohol, 
3-0-acetamidophenylindole being obtained in colourless, rhombic 
plates, m. p. about 158°. It is readily soluble in alcohol and ben- 
zene, but only sparingly soluble in light petroleum. 

3-Methyl-5 : 6-benz-4-carboline was produced by the phosphoryl 
chloride method (see p. 41) (3-0-acetamidophenylindole, 7 g.; 
dry toluene, 30 c.c.; phosphoryl chloride, 15 c.c.). It was isolated 
(6 g.) in the same way as the lower homologue and crystallised from 
benzene-light petroleum (b. p. 60—80°) containing potassium 
hydroxide, separating in stellate clusters of pale yellow, prismatic 
needles, m. p. 204—205° (Found: C, 83-1; H, 5-5; N, 12-0. 
C,,H,.N, requires C, 82-8; H, 5-2; N, 12-1%). 

3-Methyl-5 : 6-benz-4-carboline is readily soluble in alcohol, 
benzene, and chloroform, but much less soluble in light petroleum ; 
the solutions exhibit a brilliant blue fluorescence. The hydro- 
chloride crystallises in bright yellow needles and is sparingly soluble 
in water; the saturated solution exhibits a vivid green fluorescence, 
which becomes blue on dilution, and is considerably reduced in 
intensity on addition of sodium chloride. Picric acid and chloro- 
platinic acid precipitate from the hydrochloride solution the picrate 
in bright yellow, hexagonal plates and the chloroplatinate in flat, 
sharp-pointed, yellow plates. 

3-Ethyl-5 : 6-benz-4-carboline (I; R = Et).—3-o-Aminopheny]l- 
indole (20 g.) was boiled under reflux with an excess of propionic 
anhydride (or propionyl chloride and an excess of pyridine) for 
30 minutes, and the crude dried propionyl derivative, obtained in 
the usual way, was refluxed in dry toluene (80 c.c.) for 2 hours with 
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phosphoryl chloride (40 c.c.). The product was worked up in the 
same way as the two lower homologuesand recrystallised from benzene 
or ethyl acetate, 3-ethyl-5 : 6-benz-4-carboline (14°5 g.) being obtained 
in large, pale yellow, rectangular plates radially arranged, m. p. 158° 
with frothing. This frothing appears to be due to the loss of a small 
quantity of solvent of crystallisation and was observed even after 
prolonged heating of the crystals at 100° (Found: C, 82-0; H, 6-1. 
10C,,H,,N,,CH,°CO,Et requires C, 82-0; H, 5-8%). 3-Ethyl- 
5 : 6-benz-4-carboline has an intense bluish-green fluorescence in 
acid solutions. It does not give the ordinary indole reactions. 

3-0-Nitrophenyl-1-methylindole-2-carboxylic Acid (II1; R = Me). 
—A solution of o-nitrophenylpyruvic acid (42 g.) in warm glacial 
acetic acid (150 c.c.) was diluted with an equal volume of boiling 
water, warmed for a few minutes with phenylmethylhydrazine 
(25 g.), treated with hydrochloric acid (200 c.c.; d 1-19), and heated 
on a boiling water-bath for 30 minutes. The yellow oil thus pro- 
duced solidified (43 g.), and crystallised from a small volume of hot 
alcohol in bright yellow, rectangular, prismatic needles, m. p. 234° 
(decomp.) (Found: C, 65-1; H, 3-9. C,,H,.0,N, requires C, 64-9; 
H, 41%). 

3-0-Nitrophenyl-1-methylindole-2-carboxylic acid is insoluble in 
water, sparingly soluble in benzene, and moderately easily soluble 
in alcohol. When it is boiled with aqueous sodium or ammonium 
hydroxide, a small quantity dissolves and the remainder is converted 
into a reddish-orange compound—apparently the sodium or 
ammonium salt. The calciwm salt crystallises from water in fine, 
bright yellow needles, and the barium salt in long, yellow, prismatic 
needles. The amorphous lead and zinc salts are insoluble in boiling 
water. The magnesium salt separates from a hot concentrated 
solution in orange, well-shaped, hexagonal plates. With Ehrlich’s 
reagent the acid develops, on prolonged boiling with excess of 
concentrated hydrochloric acid, a faint pink coloration which 
disappears on cooling and no further change is observed on addition 
of sodium nitrite. With vanillin and hydrochloric acid a deep green 
coloration develops on warming, which persists on cooling but 
changes to yellow on dilution. The pine-shaving test is negative. 

3-Keto-1-methyl-3 : 4-dihydro-5 : 6-benz-4-carboline (IV; R = Me). 
—Small quantities of zinc dust were added to a boiling solution of 
3-0-nitrophenyl-1-methylindole-2-carboxylic acid (2-5 g.) inacetic acid 
(100 c.c.) until the colour was almost discharged. The mixture was 
refluxed for 10 minutes and filtered, the residual zinc dust repeatedly 
extracted with acetic acid until a test portion of the filtered extract, 
on dilution with water, showed hardly any opalescence, and the 
combined filtrate and washings, which showed a marked fluores- 
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cence, were diluted with water (4 vols.); the pink precipitate thus 
produced crystallised from pyridine in fine, white, felted needles, 
m. p. 302° (Found: N, 11:2. C,,H,,.ON, requires N, 11-3%). 
3-Keto-1-methyl-3 : 4-dihydro-5 : 6-benz-4-carboline is almost in- — Eh 
soluble in water, alcohol, or benzene, but is slightly soluble in boiling § int 
glacial acetic acid, from which it separates in small needles on § soc 
cooling. It is more soluble in hot pyridine; the solution exhibits § ch! 
a very slight blue fluorescence. Fluorescence is more marked in § wa 
acetic acid and is also observed when a trace of the compound is § Th 
boiled with water containing a little hydrochloric acid. The dia 
carboline gives none of the usual indole colour reactions. an 
3-0-Nitrophenyl-1-methylindole —3-o-Nitrophenyl-1-methylindole- : 
2-carboxylic acid decomposed at 250° with loss of carbon dioxide. } 1-n 
The product was freed from unchanged acid by repeated extractions § for 
with boiling 5% sodium carbonate solution, dried (yield, 80%), and § wa 
recrystallised from light petroleum (b. p. 80—100°) or alcohol, § of 
3-0-nitrophenyl-1-methylindole separating in large, orange octahedra, § cry 
m. p. 98° (Found: C, 71-4; H, 4:8; N, 11-2. C,;H,,0,N, requires § m. 
C, 71-4; H, 4-8; N, 11-1%). pet 
This compound is readily soluble in benzene, chloroform, and § acc 
glacial acetic acid, moderately easily soluble in alcohol, but only § on 
sparingly soluble in light petroleum. It gives a faint pink coloration § the 
with Ehrlich’s reagent in the cold; the colour is intensified slightly § no 
on prolonged boiling with hydrochloric acid, but fades on cooling; f det 
the cooled solution gives an orange coloration with sodium nitrite. } on 
When the compound is treated with vanillin and hydrochloric acid ] 
a pink colour develops in the cold; on warming, this changes to a f| phi 
purple colour which persists on cooling but disappears on dilution. } wa 
The pine-shaving test is negative. car 
3-0-Aminophenyl-1-methylindole (V and VI).—Iron filings (20 g.) § hon 
were added in small quantities to a boiling solution of 3-o-nitro- § tai 
phenyl-l-methylindole (17 g.) in alcohol (400 c.c.) containing § pla 
hydrochloric acid (10 c.c.)._ Boiling was continued for 3 hours and § C, 
the reduction product was worked up as described in the case of § aci 
3-o-aminophenylindole, except that the hydrochloride was precipit- 
ated from benzene instead of ether, in which the base is rather oul 
sparingly soluble. The dried base (14-5 g.) crystallised from hot § >” 
alcohol, containing a little aqueous ammonia, in large, old-gold, 
rectangular, prismatic needles, m. p. 129° (Found : C, 81-5; H, 6:3. 
C,,;H,,N. requires C, 81-1; H, 6-3%). Bre 
3-0-Aminophenyl-1-methylindole is only slightly soluble in alcohol, 
light petroleum, and ether, but is readily soluble in benzene. The 
hydrochloride forms long, sharp-pointed, colourless plates, m. p. 246° 
(decomp.), slightly soluble in water, ether, and benzene but readily 
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soluble in alcohol. The picrate separates from alcohol in bright 
orange, hexagonal prisms, m. p. 196°, decomp. 205° (Found : N, 15-3. 
C,;H,,N,,C,H,0,N, requires N, 155%). The base gives with 
Ehrlich’s reagent in the cold a faint pink coloration which is 
intensified slightly on boiling and fades on cooling; addition of 
sodium nitrite does not alter the colour. With vanillin and hydro- 
chloric acid the base gives a pink coloration which is intensified on 
warming and fades on dilution. The pine-shaving test is negative. 
The hydrochloride of the base diazotises only very slowly and the 
diazotised solution gives an orange precipitate when treated with 
an alkaline solution of 8-naphthol. 

3-0-Acetamidophenyl-1-methylindole (VII).—3-o0-Aminopheny]- 
1-methylindole (7-3 g.) was refluxed with an excess of acetic anhydride 
for 30 minutes, and the product isolated in the usual way; the 
water used acquired a fine green fluorescence due to the presence 
of a small quantity of carboline. The acetyl derivative (7 g.) 
crystallised from alcohol in long, pale yellow, hexagonal prisms, 
m. p. 159°. It is only sparingly soluble in alcohol, ether, and light 
petroleum, but readily soluble in benzene, chloroform, and glacial 
acetic acid. With Ehrlich’s reagent a pale green colour develops 
on prolonged boiling with excess of concentrated hydrochloric acid ; 
the colour fades on cooling and addition of sodium nitrite produces 
no further change. With vanillin and hydrochloric acid the acetyl 
derivative gives a faint purple coloration on warming, which persists 
on cooling. The pine-shaving test is negative. 

1 : 3-Dimethyl-5 : 6-benz-4-carboline (VIII).—3-o0-Acetamido- 
phenyl-l-methylindole (4-5 g.), dissolved in dry toluene (40 c.c.), 
was refluxed for 2 hours with phosphoryl chloride (9 c.c.), and the 
carboline produced was worked up in the same way as the other 
homologues (yield, 2-9 g.). It crystallised from hot alcohol, con- 
taining a little aqueous ammonia, in long, pale yellow, rectangular 
plates, m. p. 154° (Found: C, 83-0; H, 5-7. C,,H,,N, requires 
C, 82-9; H, 5:7%). It exhibits a beautiful green fluorescence in 
acid solutions, and gives none of the usual indole reactions. 
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V.—An Investigation of the Oxidation of Certain 
Aliphatic and Aromatic Carbon Compounds by 
Means of the Dichromate Reaction. 

By Harry ARK. 


Grey (J., 1914, 105, 2204) devised a method for estimating the 
total carbon in organic compounds which depended upon (a) the 
gasometric estimation of carbon dioxide, and (b) the determination 
of the acetic acid content in the residual liquid. This method was 
simplified by Guyot and Simon (Compt. rend., 1920, 170, 514) and 
by Grey (Biochem. J., 1923, 17, 768). Assuming Grey’s observ- 
ations, confirmed by Simon (Compt. rend., 1925, 180, 1405), the 
author has carried out a systematic investigation of the oxidation, 
and has attempted to standardise the experimental conditions. 

A solution of the substance in water (or acetic acid) is added to 
an excess of standard potassium dichromate solution, and con- 
centrated sulphuric acid is added. Oxidation takes place almost 
immediately to carbon dioxide and water, and to acetic acid in 
addition when a CH,°CH group is present with other carbon atoms. 

The reaction mixture is poured into water, and the excess of 
dichromate determined by N/2-ferrous sulphate. The reaction 
mixture selected was the following, being slightly modified as 
necessity demanded: 10 C.c. of 2N-potassium dichromate, 15 c.c. 
of water containing 0-1 g. of the compound, and 33 c.c. of con- 
centrated sulphuric acid. 

The “dichromate value ” is the number of c.c. of N-potassium 
dichromate required for complete oxidation of 0-1 g. of substance. 
The results obtained are summarised below. 


Dichromate value. Dichromate value. 
pa an, — 
Alcohols. Found. Cale. Dibasic acids. Found. Calc. 

pO eee 18-74 18-74 _- wesanatheon sees 6-65 6-65 
FOUND ccncctocctdcvecs 8-69 8-69 Racemic .........+s008. 6-05 6-65 
| ny ere re 16:20 16-65 BEEEO. adevectcbesscseser 9-02 8-95 
N-Butyl ...s.ceeseee 21:20 21-62 Butylmalonic ...... 15-92 15-00 
S80 Buty] ...cccccecee 21-80 21-62 Fumaric ........ece0e0e 10-40 10-34 
MNT seccsagcours 24:10 24-90 Malic ........ccscccecee 10-24 10-34 
Ethylene glycol... 16-04 16-10 Cyclic compounds. 

Monobasic acids. Furfuryl alcohol ... 22-41 22°45 
aa 4:35 4:34 Amylene glycol ...... 19-18 19-23 
SONTEED ndebitkiccceess No oxidation. Aromatic compounds. 

Propionic ......... 8-37 8-10 Benzoic acid ......... 23:08 24-60 

n-Butyric  ......... 13-93 13-64 Salicylic acid ......... 19-66 20-28 

m-Valeric  .......+. 17-30 17-50 Protocatechuic acid 15-72 16-88 

tsoValeric ......... 17-27 17-50 tsoPropoxybenzoic 

Diethylacetic ...... 13-60 13-80 WN scscasesenessesses 20-40 20-73 
Mandelic acid ...... 21-82 22°37 


* Using 20 c.c. of 2N-K,Cr,0, and 40 c.c. of conc. H,SO,. 
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Formic acid required only 16-0 ¢.c. of sulphuric acid, whilst with 
this concentration of acid, propionic acid was quite stable; it may 
thus be possible to estimate a mixture of formic, acetic, and 
propionic acids. 

Exceptions.—Succinic acid is stable to the chromic acid unless 
the quantity of sulphuric acid exceeds 25 c.c., and succinamide, 
acetamide, urea, and «-aminoisobutyric acid are unaffected. 

Aldehydes gave inaccurate dichromate values. 

Halogen compounds gave free halogens which vitiated the sub- 
sequent titration. 

The imino-group is oxidised and the method is therefore inapplic- 
able to compounds containing it. 


Summary. 

(1) Aliphatic and aromatic substances can in general be oxidised 
to carbon dioxide and water, or to acetic acid in addition if a 
CH,°CH group is present. 

(2) This reaction can be used for the quantitative estimation of 
certain organic compounds, but others are either not oxidised or 
only partially so. 

(3) Water or acetic acid must be used as solvent for the material 
to be analysed. 

(4) Compounds containing hydroxyl groups are easily oxidised. 


The author wishes to thank Dr. Egerton Grey for valuable help 
and advice. 


Eayptian UNIVERSITY, CAIRO. [Received, August 12th, 1927.] 


VI.—Studies in the Sterol Group. Part I. The 
Absorption Spectra of Some Cholesterol Derivatives. 


By Istpor Morris Hemsron, Ricnharp ALAN Morton, and 
WILFRED ARCHIBALD SEXTON. 


THE pro-vitamin ergosterol, characterised by its well-defined 
absorption bands at 293-5 yu, 281-5 uy, and 270 uy, is converted on 
irradiation into a photochemically unstable substance (vitamin D) 
giving an absorption band at 247 yu (Morton, Heilbron, and Kamm, 
J., 1927, 2000). The work now to be described was undertaken with 
the view of correlating, if possible, unsaturation and ultra-violet 
absorption in the sterol group and obtaining some idea of the type of 
compound with which the vitamin may be classed. As previously 
mentioned (Morton, Heilbron, and Kamm, loc. cit.), it is very 
doubtful whether the formation of the vitamin is due to polymeris- 
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ation of the ergosterol, and it is also unlikely, in view of the total 
alteration of the type of selective absorption, that the reaction is due 
simply to stereochemical changes in the molecule, for cis- and trans- 
isomerides usually differ in extinction rather than the general shape 
of the absorption curve (Henri and Errera, Compt. rend., 1925, 180, 
2049; 181, 548). 

The following cholesterol derivatives have been examined spectro- 
graphically : 


Compound. Double bonds. Types of absorption. 
Cholesteryl chloride ...... 1 No marked selective absorption. 
Cholesteryl acetate ...... 5 és bé 7” 
Cholesterol (pure) ......... od ™ wm a 
CHEMIBUUEED  ccccocccociccosecs Ls oe ns ee 
¥-Cholestene ............++- a ro be Le 
Dicholesteryl ether ...... 2 ‘i ai ba 
Cholestenone ............+¢ me Bands at 243 pp» and 312 pp. 

(one being C:0) 
Cholesterilene ..........+. 2 Bands well-defined at 294 pp, 
304 pp, and 321 py. 
Oxycholesterylene ...... 3 Band at 277 pup. 
(one being C:0) 
Lo ee 3 Bands at 270 pp, 281-5 pp, and 


293-5 pp. 


Selective absorption is only shown when at least two double bonds 
are present in the single molecule. In comparison with Mauthner’s 
cholesterilene the maximum absorption for each of the three bands 
of ergosterol is some 250 A. units further in the ultra-violet : 


Maxima for cholesterilene ............... 3210 3040 2940 
- p§)  CRMOMMOTOR :.0c:kspvebococidooess 2935 2817 2690 
DORI i caps iecuencas<sdde cdeeteunsgessen 275 223 250 


The molecular extinction coefficients are of the order: ergosterol, 
10,000; cholesterilene, 2400. The shifting of the absorption bands 
in the direction of the ultra-violet region and the greatly increased 
extinction coefficient of the former compound, due to the intro- 
duction of an additional double bond, are quite in harmony with 
general views on absorption spectra. It seems reasonable to infer 
from these results that of the three double bonds in ergosterol two 
occupy the same positions as in cholesterilene. 

The case of cholestenone is of interest. Whereas the shallow band 
at 312 yy is probably an ordinary ketone band, that at 243 uy is 
strikingly similar to the well-defined band 247 up of vitamin D. 
The irradiation of cholestenone in alcoholic solution resembles that 
of the vitamin in that the absorption band at 243 yy» disappears 
rapidly; the ketone band disappears less rapidly. On irradiation, 
no new bands are shown either by cholestenone or by any of the 
cholesterol derivatives showing selective absorption, although in all 
cases photochemical decomposition occurs. It is a well-established 
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fact that cholesterol readily undergoes intramolecular rearrange- 
ment, the type of compound isolated depending upon the conditions. 
The fundamental reaction, however, would appear to be dehydrogen- 
ation, leading to cholestenone formation (unpublished work), and it 
may well be that the passage of ergosterol into the vitamin follows 
a somewhat similar course, giving rise to ergostantrienone or a partly 
hydrogenated ketone derived from this. Although no band has 
been observed in the case of the vitamin in the region corresponding 
to the 312 yy band of cholestenone, this does not preclude its possible 
occurrence, for owing to the incomplete transformation of ergo- 
sterol into vitamin a band in this region would be masked. Its 
presence may, however, be inferred from the fact that the photo- 
labile vitamin continues to decompose even when screened by vita 
glass (Heilbron, Kamm, and Morton, Nature, October 29th, 1927). 

Rosenheim and Webster (Lancet, September 17th, 1927) have 
stated that ergosteryl acetate and benzoate can be rendered anti- 
rachitic on irradiation, but this in no way refutes our arguments, 
for photochemical hydrolysis could readily precede photo-oxidation. 
That ergosterol is, indeed, extraordinarily sensitive to oxidative pro- 
cesses has recently been shown by Windaus, Borgeaud, and Brunken 
(Nachr. Gess. Wiss. Géttingen, 1927), who have found that ergosterol 
is both readily dehydrogenated to a pinacol and photo-oxidised to a 
peroxide by sunlight in presence of suitable catalysts. 


EXPERIMENTAL. 

Cholesterol was obtained from cod-liver oil and repeatedly 
crystallised from alcohol; it had m. p. 148-5°, and [a] —39-08° in 
chloroform (c = 2-124). 

The derivatives were all prepared by the standard methods 
described in the literature. Cholesteryl chloride, m. p. 96°, was 
made by the action of thionyl chloride on cholesterol (Diels and 
Bliimberg, Ber., 1911, 44, 2848). Cholesterilene and dicholestery] 
ether were prepared by heating cholesterol with anhydrous copper 
sulphate (Mauthner and Suida, Monatsh., 1896, 17, 29). The 
cholesterilene was repeatedly crystallised from ether—alcohol until 
the m. p. (78°) remained constant; it had [«}?’ — 102-1° in chloro- 
form (c = 4-000). Mauthner and Suida give m. p. 79—80° and [a], 
— 81-63°. The dicholesteryl ether, after twice crystallising from 
ethyl acetate containing a little benzene, melted at 194—195°. 

Cholestenone was prepared by oxidation of cholesterol dibromide 
and subsequent debromination (Windaus, Ber., 1906, 39; 518). 
Recrystallisation from methyl alcohol gave a product melting 
sharply at 79° (Windaus gives 81—82°), which was characterised by 
the preparation of its semicarbazone, m. p. 234°. Oxycholesterylene 
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was prepared by oxidation of cholesteryl acetate (Mauthner and 
Suida, Monatsh., 1896, 17,579). After repeated crystallisation from 
80% alcohol, it had a constant m. p. of 110° (Mauthner and Suida 
give 112°). 

Cholestene was prepared by the action of sodium and amyl 
alcohol upon cholesteryl chloride (von Fiirth and Felsenreich, Bio- 
chem. Z., 1915, 69, 416). After repeated crystallisation from ether- 
alcohol it melted at 90—91°; the specific rotation, [«]» — 53-05° 
(c = 3-544), was not affected by further crystallisation (von Firth 
and Felsenreich give — 55-5°). It was further characterised by 
means of its isomeric a- and §-dibromides, m. p. 140° and 106°, 
respectively (Mauthner, Monatsh., 1894, 15, 85). 4-Cholestene was 
prepared from cholestene hydrochloride (Mauthner and Suida, 
Monatsh., 1907, 28, 1113). After repeated crystallisation from 
ether-alcohol it melted at 78—79° and gave the dibromide, m. p. 
116°, as described. It had [«]) + 60-13° in chloroform (c = 3-176). 
Mauthner and Suida give + 64-86° for the same concentration, 
whereas Dr. A. Triebs of Miinich finds + 57-3° (private communic- 
ation). It is clear that the whole question of optical rotations in the 
cholesterol group of compounds is an extraordinarily complex one, 
and the specific rotations give no sure criteria of purity; e.g., values 
of [«]p ranging — 61-55° to — 116-2° have been found for choles- 
terilene, prepared in different ways (Windaus, Z. physiol. Chem., 
1921, 117, 156). It is obvious that these anomalous results must 
arise from the complex nature of the cholesterol molecule, which 
contains numerous asymmetric carbon atoms, # any one of which 
racemisation may occur. 


In conclusion we beg to thank the Council of the Department of 
Scientific and Industrial Research for a grant to one of us (W. A. 8.) 
which has enabled this research to be carried out. 


THe University, LIVERPOOL. [Received, September 16th, 1927.] 


VII.—WNor-d--ephedrine, an Alkaloid from 
Ephedra Species. 


By Sypney Smirs. 


FURTHER examination of the alkaloids from Ma Huang, a drug 
obtained from an Ephedra species collected in Northern China, has 
led to the isolation of a new subsidiary alkaloid in addition to 
l-methylephedrine recently described (Smith, J., 1927, 2056). The 
alkaloid is crystalline, forms well-defined crystalline salts and has 
the properties of a primary base. It has the empirical formula 
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C,H,,;0N and since it forms d--methylephedrine methiodide on 
treatment with methyl iodide it must be nor-d-/-ephedrine, 
OH-CHPh:CHMe:NH,. 

Nor-d-/-ephedrine forms a monobenzoyl and a dibenzoyl derivative. 
The monobenzoyl derivative is non-basic, but when it is warmed 
with dilute hydrochloric acid and alcohol, or kept for some time in 
acetone solution with hydrogen chloride, a transference of the 
benzoyl group from nitrogen to oxygen occurs with the formation of 
O-benzoylnor-d-p-ephedrine hydrochloride. This salt is stable and 
may be crystallised from water without decomposition. When it 
is treated with alkali, the original N-benzoyl derivative is recovered. 

A similar migration of the acyl group in this type of compound 
has been recorded in the case of the p-nitrobenzoylephedrines 
(Seizo Kanao, J. Pharm. Soc. Japan, 1927, 20). 


ExPERIMENTAL. 


The syrupy alkaloidal residue obtained in the manufacture of 
ephedrine, freed as completely as possible from l/-ephedrine, was 
diluted with water and fractionally precipitated with aqueous 
potassium hydroxide. After removal of successive crops of crystal- 
line material consisting mainly of d-y-ephedrine, the fractions became 
oily. The final mother-liquor was extracted with ether, and the 
ethereal solution dried over potassium carbonate. The residue after 
removal of the ether was distilled under diminished pressure. The 
product was neutralised with 20% sulphuric acid and concentrated 
under diminished fressure; the sulphate of the new base then 
separated. Nor-d-/-ephedrine sulphate after repeated crystallisation 
from water separates in elongated, hexagonal plates. The m. p. 
varies with the rate of heating, but when placed in a bath at 290° 
and slowly heated the salt melts at 295° (corr.; decomp.) [Found : 
8, 8-1. (C,H,,0N),,H,SO, requires 8S, 8-0%]. It has [«]%,, + 42-9° 
in water (c = 1-0). 

Nor-d-)-ephedrine, prepared by addition of potassium hydroxide 
to a solution of the sulphate and extraction with ether, crystallises 
readily from benzene in plates, m. p. 77—78° (corr.).. It has 
[o}i + 32-2° in methyl alcohol (c = 2-89). The base is fairly easily 
soluble in water and in most organic solvents. It can be titrated 
with standard sulphuric acid and methyl-red (0-5606 g. required 
37-0 c.c. of 0-1N-sulphuric acid. Calc., 37-1.¢.c. Found: C, 71-6; 
H, 8-7. C,H,,0ON requires C, 71-5; H, 8-:7%). 

When heated with excess of methyl iodide and potassium 
carbonate in dilute methyl alcohol, it gave a mixture of bases and a 
crystalline methiodide, m. p. 216—217° (corr.). There was no 
depression of the m. p. when the methiodide was mixed with 
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d--methylephedrine methiodide. The specific rotation in water 
was that of d-y-methylephedrine methiodide, [«}%, + 36-8° 
(c = 2-4) (Found: I, 39-7. Cale. for C,,H,,ONI: I, 39-5%). 

Nor-d--ephedrine hydrochloride was prepared by passing hydrogen 
chloride into a solution of the base in methyl alcohol. On addition 
of ether the salt separated in plates, m. p. 178—179° (corr.) (Found : 
Cl, 18-7. CyH,,0N,HCI requires Cl, 18-9%). 

Nor-d-)-ephedrine hydrogen tartrate, prepared in aqueous solution, 
crystallises in needles. After drying in a vacuum at 95°, it melts at 
149—151° (corr.) and has [«}%,, + 43-0° (in water; c= 1-7). The 
air-dried salt loses on complete drying 5-7% (Calc. for 

C,H,,0N,C,H,O,,H,0 : 
H,0, 5-6%. Found for the dry salt: C, 51-9; H, 6-4. C,H,,0N,C,H,O, 
requires C, 51-8; H, 6-4%). 

Dibenzoylnor-d-4-ephedrine, prepared from benzoyl chloride, the 
base, and excess of potassium hydroxide solution, crystallised from 
dilute acetone or benzene in plates, m. p. 156—157° (corr.). [aM 
-+- 28-0° (c = 2-2 in methyl alcohol) (Found: C, 76-5; H, 5-9. 
Cy3H,,0,N requires C, 76-8; H, 5-9%). 

N-Benzoylnor-d-y-ephedrine may be prepared by the partial hydro- 
lysis of the dibenzoyl derivative. The latter (3 g.) was boiled for 1 
hour with N-methyl-alcoholic potassium hydroxide (100 c.c.). The 
solution after concentration was diluted with water and extracted 
with ether, and the ethereal extract washed first with water and 
then with 5% hydrochloric acid. The ethereal solution after drying 
over potassium carbonate gave on evaporation a crystalline residue, 
m. p. 131—132° (yield, 1-8 g. Theoretical, 2-1 g.). It separated 
from sclution in ethyl acetate with a little light petroleum in silky 
hairs, m. p. 132° (corr.). [a]? + 58-3° (c = 2-9 in methyl alcohol) 
(Found: C, 75-3; H, 6-7. C,,H,,O,N requires C, 75-3; H, 6-7%). 
When it is kept for some hours in contact with hydrogen chloride in 
acetone, crystals of a hydrochloride separate. The same salt may 
be obtained by warming the monobenzoyl derivative with dilute 
hydrochloric acid and alcohol until solution is effected; on cooling, 
the hydrochloride separates in needles, m. p. 244—-245° (corr. ; 
decomp.). [«}%, — 32-5° (¢c = 0-9 in water) (Found: Cl, 12-4. 
C,,H,,0,N,HCl requires Cl, 12-2%). Ifa solution of the hydrochlor- 
ide in water is precipitated with sodium hydroxide, the N-benzoyl 
derivative, identified by the m. p. and specific rotation, separates. 


The author’s thanks are due to Mr. W. Ramsay for assistance in 
this investigation. 


WELLCOME CHEMICAL WORKS, 
DARTFORD. [Received, November 17th, 1927.] 
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VIII.—The Condensation of cycloHexancaldehyde 
and Malonic Acid. 
By Sarppant Saway GuHA SIROAR. 
THE well-known condensation between aldehydes and compounds 
of the malonic acid type can proceed in three different directions, 


depending on the conditions employed, giving rise to products of the 
types (I), (II), and (III), but in very few cases have all three 


(L.) R-CH,-CH:CH-CO,H R-CH:CH:CH,-CO,H (IIL) 
CH,CO,H = R-CH-CH,°CH,"CO 

TT. e - 2 2 2 2 7 

(II.) R-CH, CH< or .COH ; Gav) 


possibilities been realised. Products of type (I) are the most 
common and are obtained in the presence of pyridine and piperidine. 
Substances of the second type have been obtained from acetaldehyde 
and propaldehyde by Kommenos (Annalen, 1883, 218, 145), using 
acetic anhydride as the condensing agent. Instances of the con- 
densation of one molecule of an aldehyde with two molecules of 
malonic, acetoacetic or acetonedicarboxylic ester and allied com- 
pounds are, however, widely distributed in the literature (Claisen, 
Crismer, Kommenos, Knoevenagel). 

Ott (Ber., 1891, 24, 2600), by heating propaldehyde and malonic 
acid in acetic acid, obtained a mixture of two unsaturated acids. 
The structures he assigned to them were corrected by Viefhaus 
(Ber., 1893, 26, 915) on the evidence of oxidation experiments. 
The presence of the unsaturated Py-acid in the mixture obtained by 
Kommenos was detected by Fittig (Ber., 1893, 26, 2079), who also 
established the interconversion of the «®- and fy-acids in the 
presence of boiling alkali and suggested that the B-hydroxy-acid acts 
as the intermediate in the transformation. Weinstein (Annalen, 
1885, 227, 31) made a similar assumption. The isolation of the 
respective $-hydroxy-acids from the products obtained by treating 
phenylisocrotonic acid (Luib), phenyl-A’-pentenoic acid (Hoffmann), 
A’-isoheptenoic acid (Fittig and Feuer), and hydrosorbic acid 
(Fittig and Baker) with boiling alkali supports the view that the 
8-hydroxy-acid is the first product of the condensation of propalde- 
hyde and malonic acid, and that the two unsaturated acids are 
derived from it by dehydration proceeding in two different 
directions. The fy-acid, however, is the sole product of the con- 
densation of phenylacetaldehyde and malonic acid (Linstead and 
Williams, J., 1926, 1735). 

The condensation of cyclohexanealdehyde has now been found to 
give a substance of the type (I), (II), or (IV) as the main product 
according to the conditions of the experiment. In the presence of 
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pyridine and piperidine (or diethylamine), 8-cyclohexylacrylic acid 
(type I) was almost exclusively obtained. When a mixture of the 
aldehyde and malonic acid was heated on the steam-bath with a 
few drops of diethylamine, 8-cyclohexylglutaric acid (type I) was 
formed in good yield together with a small quantity of the unsatur- 
ated aB-acid. In the presence of alcohol and a larger quantity of 
diethylamine (1 mol.), the product consisted mainly of cyclohexane- 
spirobutyrolactone (type IV) mixed with a little of the «$-acid. The 
presence of this acid in all the mixtures is no doubt due to its great 
stability, which is also displayed in its behaviour towards acids and 
alkalis. For example, although the lactone on long boiling with 
alkali passed into the «$-acid, the conversion of the latter into the 
8y-form or into its own geometrical isomeride has not been detected. 
The structures of the two unsaturated acids have been established by 
preparing them from the corresponding ketones described by Kon 
(J., 1926, 1798). 
EXPERIMENTAL. 

8-cycloHexylacrylic acid was prepared by the method described 
by Haworth, Perkin, and Rankin (J., 1924, 125, 1693), cyclo- 
hexanealdehyde being used in place of piperonal. It separated as 
an oil when the reaction product was poured into dilute hydrochloric 
acid, and, after solidifying, crystallised from dilute alcohol in scales, 
m. p. 57—58°, b. p. 153—154°/11 mm. (yield, 12 g. from 10 g. of 
aldehyde). It is very soluble in the usual organic solvents, including 
petroleum (b. p. 40—60°), very sparingly soluble in water, and can 
be purified by steam distillation (Found : C, 70-0; H, 9-1. C,H,,0, 
requires C, 70-1; H, 9-1%. Found in the silver salt: Ag, 41-1. 
C,H,,0,Ag requires Ag, 41-4%). The acid chloride boils at 142°/12 
mm., the methyl ester at 92—93°/15 mm. (Found: C, 71:3; H, 9-8. 
C19H 0, requires C, 71-5; H, 9-5%) and the ethyl ester at 119°/11 
mm. The amide melts at 158—159° (Found: C, 70-5; H, 9-9. 
C,H,,ON requires C, 70-6; H, 9-8%), and the anilide at 142°. 

When the acid (1 mol.) was boiled for 24 hours with 64% caustic 
potash solution (20 mols.) or concentrated hydrochloric acid, little 
or no change occurred. Treatment with three parts of 50% 
sulphuric acid for 15 minutes gave rise to tarry products, but no 
lactone indicating conversion into the Sy-form could be isolated 
from the steam distillate. 

The dibromide, formed in glacial acetic acid, was a thick colourless 
liquid which could not be distilled (9 mm.) without losing hydrogen 
bromide (Found: Br, 50-5. C,H,,0,Br, requires Br, 50-95%). 

The unsaturated acid is immediately oxidised by dilute per- 
manganate solution, and in a current of steam cyclohexanealdehyde 
is obtained in good yield (semicarbazone, m. p. 175°). 
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8-cycloHexylglutaric Acid——A mixture of cyclohexanealdehyde 
(10 g.), malonic acid (20 g.), and diethylamine (1 c.c.) was kept for 
12 hours, the acid gradually dissolving and the mixture separating 
into two layers, the lower of which increased in volume at the 
expense of the upper. The mixture was then heated on the steam- 
bath until effervescence ceased (1 hour) and finally gently refluxed 
for 10 minutes. The cooled product was poured into dilute hydro- 
chloric acid, and the somewhat pasty solid obtained, after being 
removed and dried in ether, was extracted twice with petroleum 
(b. p. 40—60°) at the ordinary temperature. The residue crystal- 
lised from benzene or dilute alcohol in needles, m. p. 153—154° 
(yield, 12 g.). From the petroleum solution 3 g. of cyclohexylacrylic 
acid were isolated by extraction with aqueous sodium bicarbonate 
and acidification. 

8-cycloHexylglutaric acid is sparingly soluble in benzene, less so 
in water, and almost insoluble in petroleum. It crystallises from 
hot hydrochloric acid in scales (Found : C, 61-35; H, 8-6. C©,,H,0, 
requires C, 61-7; H, 8-4%. Found in the silver salt: Ag, 49-65. 
C,,H,,0,Ag, requires Ag, 500%). The acid chloride boils at 159— 
160°/12 mm., the methyl ester at 106—108°/17 mm. (Found: C, 
64:1; H, 9-4. C,,H,.O, requires C, 64-5; H, 9-1%), and the ethyl 
ester at 118—120°/17 mm. The diamide melts at 190° (Found : C, 
62-05; H, 9-2. C,,H,,O,N, requires C, 62-3; H, 9-4%). The 
dianilide is very sparingly soluble in ordinary solvents and crystal- 
lises in needles, m. p. 237° (decomp.), from methyl alcohol-acetone. 
The anhydride is a liquid which solidifies in ice. The anilic acid 
crystallises from dilute alcohol in needles, m. p. 151° (Found: C, 
70-8; H, 7-9. C,,H,,0,N requires C, 70-6; H, 8-0%). It does not 
lose water below 185°, but when kept at 200° for a few minutes it 
changes into the anil (probably polymolecular; compare Auwers, 
Annalen, 1896, 292, 132), which crystallises from dilute acetone in 
needles, m. p. 181°. 

Oxidation of Hexahydrobenzylideneacetone.—The two unsaturated 
ketones («8 and fy) obtained by the condensation of cyclohexane- 
aldehyde with acetone (Kon, loc. cit.) were each oxidised with 
alkaline hypobromite solution as described by Barbier and Léser 
(Bull. Soc. chim., 1905, 33, 815). From 10 g. of the «$-ketone (b. p. 
103°/9 mm.), after removal of bromoform and excess of hypobromite, 
and acidification, 3 g. of unchanged ketone and 5 g. of an oily acid 
were obtained. The latter, after crystallising from dilute alcohol, 
was identical with cyclohexylacrylic acid, m. p. 57—58° (Found : 
C, 69-65; H, 8-8; Ag in silver salt, 41:15. Calc.: C, 70-1; H, 9:1; 
Ag, 414%). On treatment with dilute permanganate solution it at 
once generated cyclohexanealdehyde. 
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From the Py-ketone (5 g., b. p. 101°/9 mm.), 2 g. of a liquid acid 
and 1-5 g. of unchanged ketone were obtained. The Sy-acid was 
purified through the silver salt but failed to solidify in a freezing 
mixture (Found in a sample that had been kept in a vacuum 
desiccator for 2 days: C, 69-7; H, 8-7. C,H,,0, requires C, 70-1; 
H, 91%. Found in the silver salt: Ag, 41-5. C,H,,0,Ag requires 
Ag, 41-4%). The acid had an odour resembling that of the lactone 
described below, but could not be distilled owing to the small 
quantity available. When kept in contact with dilute permanganate 
solution for a few minutes, it generated cyclohexanone. 

cycloHexanespirobutyrolacione—A mixture of cyclohexanealde- 
hyde (10 g.), malonic acid (10 g.), diethylamine (10 c.c.), and alcohol 
(12 c.c.), after being warmed until the white solid first formed redis- 
solved, was kept over-night and then heated on the steam-bath until 
effervescence ceased (1 hour). The cooled product was poured into 
dilute hydrochloric acid and the precipitated oil was taken up in 
ether, washed with bicarbonate solution, dried over potassium 
carbonate, and distilled. The lactone was obtained as a colourless, 
mobile oil, b. p. 152—155°/15 mm., together with a small quantity 
of a lower-boiling fraction (120—125°/15 mm.) containing the ester 
of the «B-acid (Found : C, 69-8; H, 9-25. C,H,,0, requires C, 70-1; 
H, 9:1%. Found for the silver salt of the corresponding hydroxy- 
acid: Ag, 39-4. C,H,,0O,Ag requires Ag, 38-7%). 

The lactone is very sparingly soluble in water and unusually stable 
towards ammonia and dilute alkali solutions ; even after 4—5 hours’ 
refluxing with concentrated aqueous ammonia, a portion was 
undissolved. In making the silver salt, this portion was removed in 
ether before silver nitrate was added. The salts of the hydroxy- 
acid tend to lose water and pass into the salts of the unsaturated acid ; 
this accounts for the high value of silver in the estimation. When 
a 10% solution of sodium hydroxide was boiled for 24 hours with 
the lactone and then acidified, the unsaturated «$-acid, m. p. 57—58°, 
was isolated in good yield. 

The exact conditions for the formation of the lactone are difficult 
to define, as in one or two experiments this was not produced, the 
unsaturated acid being obtained instead. 


The author wishes to thank Professor J. F. Thorpe, C.B.E., 
F.R.S., and Dr. G. A. R. Kon for their kind interest in the work, 
and the Research Fund Committee of the Chemical Society for a 
grant that has partly defrayed its cost. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [ Received, November 30th, 1927.] 
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IX.—A Cyclic Semipinacolin. 
By James WiLFRED Cook. 


THE action of moist silver oxide on benzylideneanthrone dibromide 
(VI) leads to a compound, C,,H,,0,, which gives an acety] derivative 
and a coloured sodium salt, but is not 9-benzoylanthrone (Cook, 
J., 1926, 2164). The structure of this compound has now been 
more closely examined and it has been established that its formation 
is due to a semipinacolin change * having converted the central ring 
of the anthracene complex into a seven-membered ring. ‘The 
experimental proof of this interpretation is based on the fact that 
oxidation led to a monobasic acid which must be 2-benzoylbenzo- 
phenone-2'-carboxylic acid (II), since on dehydration it passed into 
a spirocyclic lactone (I), the structure of which was established by 
its synthesis from ethyl benzoate and magnesium o-tolyl bromide 
as follows : 
C,H,;*CO,Et + 2C,H,Me-MgBr —> C,H,°C(OH)(C,H,Me), 


(not obtained. pure) 


C,H,°C(OH)(C,H,CO,H), "S$ ia. ni cee 00 (I.) 
(isolated as the lactonic acid) 

The conversion of the acid (II) into the spirocyclic lactone is 
doubtless due to the acid being in equilibrium with the hydroxy- 
phthalide (III), a phenomenon that is exhibited by ketonic acids of 
benzophenone-o-carboxylic acid type and accounts for their con- 
version into acetyl derivatives (compare von Pechmann, Ber., 
1881, 14, 1865; Graebe, Ber., 1900, 33, 2027), such an acetate 
(derived from III) being formed by the acid under discussion : 


; —, 
(vir) —> & Hise" Fo bedi Soon? S$ a 
G, H,COPh G, i, ‘COPh 
“IL) (IIT.) 
Further confirmation of the structure of the spirocyclic lactone was 
furnished by its reduction to 9-o-carboxyphenylanthrone (IV) and 
9-0-carboxyphenylanthracene (V) : 


H. _C,H,CO,H eH,CO,H 
) —> Oh. Con, > O08, <Y>0.H, 
CO H 
(IV.) (V.) 

* This term has been used by Tiffeneau and Orékhoff (Bull. Soc. chim., 
1921, 29, 424) to indicate the rearrangement of a sec. tert. glycol into a ketone 
by dehydration and migration. The product of such a change is conveniently 
termed a semipinacolin. 


omide 


vative 
Cook, 

been 
ation 
1 ring 

‘The 
; that 
eNZ0- 
| into 
od by 
mide 


(I.) 


ne is 
‘Oxy- 
ds of 
con- 
Ber., 
elate 


(I.) 


was 
and 


im., 
tone 
ntly 


COOK: A CYOLIC SEMIPINACOLIN. 59 


That a pinacolin type of rearrangement can be brought about 
by treatment of a vic.-dibromide with moist silver oxide has been 
shown by Couturier (Ann. Chim. Phys., 1892, 26, 448), who con- 
verted tetramethylethylene dibromide into pinacolin by this means, 
but it is remarkable that rupture of the anthracene complex should 
take place under the very mild conditions employed. That the 
anthracene complex is, in some circumstances, less stable than is 
generally supposed * is shown by the fact that anthraquinone 
monoxime undergoes the Beckmann rearrangement with the 
formation of a seven-membered ring, the oxime of the resulting 
compound yielding an eight-membered ring by a further Beckmann 
change (Beckmann and Liesche, Ber., 1923, 56, 16). 

Evidence is found in the literature (e.g., Couturier, loc. cit.; 
Zelinsky and Zelikow, Ber., 1901, 34, 3249; Thérner and Zincke, 
Ber., 1878, 14, 67; Zincke and Tropp, Annalen, 1908, 362, 250; 
Werner and Grob, Ber., 1904, 37, 2899; compare Meerwein, 
Annalen, 1913, 396, 249; 1914, 405, 129) that the pinacolin change 
is reversible, the reduction of a @-pinacolin frequently resulting in 
the formation of a derivative of the pinacol. In the anthracene 
derivative described above, the change is undoubtedly of a reversible 
character, since the reduction of the semipinacolin (VII) with 
hydriodic acid yields 9-benzyl-9 : 10-dihydroanthracene. 

The very mild conditions which suffice to convert the six- 
membered ring in benzylideneanthrone dibromide into the seven- 
membered ring render it improbable that the change is effected by 
dehydration of the glycol, and it appears more likely that the 
reaction consists in the first place in the replacement of one bromine 
atom by a hydroxyl group, subsequent removal of a molecule of 
hydrogen bromide from the resulting bromohydrin taking place 
concurrently with change in ring structure. On Robinson’s theory 
of the mechanism of the pinacolin and Wagner—Meerwein trans- 
formations (Mem. Manchester Phil. Soc., 1920, 64, No. 4) the change 
can be represented by the following formule in which dotted lines 
represent partial valencies and imply that an electron belonging to 
one atom participates transiently in the electronic orbits of both 
atoms to which the first atom is attached by means of partial 
valencies : 


* Robinson, in commenting on the formation of a-anthrapinacolin described 
by Barnett and Matthews (J., 1923, 128, 380), has suggested (Ann. Reports, 
1923, 20, 122) that the compound is really a £-pinacolin containing a seven- 
carbon ring. This speculation appears to be devoid of any experimental 
basis and is not in agreement with facts, as Matthews (private communication) 
has found that the oxidation of the pinacolin gives anthraquinone in far larger 
quantity than would be anticipated from Robinson’s formula. 
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BrCHPh pes es CHE 
(VL) Bre 4. AgBr 
CHi< SCH > CHOC Hs 
oe 


a“ 


(VIL) OgH OGRE CH, <> CH Coy > CoH (VIL) 


The resulting diketone (VII) forms a monoxime, and also yields a 
monoacetate and hence must be capable of enolisation. This may 
involve either of the carbonyl groups, but the intense red colour of 
the alkali-metal salts of the enol renders the orthoquinoid structure 
(VIII) the more probable. 

Reduction of the diketone (VII) led to the formation of a dihydro- 
compound. This did not give an oxime but did give a diacetate 
and was soluble in sodium hydroxide solution to give a colourless 
sodium salt and hence is probably represented by the enolic formula 


H):CPh ; 
CH Oe hSC,H, (IX). 


Compounds of the phenyldeoxybenzoin type usually undergo 
hydrolytic fission very readily under the influence of alcoholic 
potassium hydroxide (compare Cook, J., 1926, 1679). Both the 
diketone (VII) and its dihydro-compound (IX) resisted attempts to 
effect ring fission by this means, although six-membered cyclic 
pinacolins have frequently been found to undergo this hydrolysis 
(e.g., see Klinger and Lonnes, Ber., 1896, 29, 2155), and the stability 
of the seven-membered ring in the compounds now described is in 
harmony with modern views respecting the stability of cycloheptane 
derivatives (Mohr, J. pr. Chem., 1921, 103, 316; Meerwein, «bid., 
1922, 104, 177; Meerwein and Schafer, ibid., 1922, 104, 289; 
Baker and Ingold, J., 1923, 123, 122). 

The enlargement of ring systems during pinacolin transformations 
has, of course, been observed, and numerous examples of the con- 
version of monocyclic five- and six-membered carbon rings into 
larger rings have been cited by Meerwein and his collaborators 
(Meerwein and Unkel, Annalen, 1910, 376, 152; Meerwein, ibid., 
1913, 396, 200; 1918, 417, 255; Meerwein and Schiifer, loc. cit.). 

A study of the absorption spectra of some of the compounds here 
described was initiated, but was not proceeded with, as the semi- 
pinacolin, its sodium salt and its acetyl derivative all showed only 
general absorption in the ultra-violet region of the spectrum. The 
red sodium salt also had an absorption band in the visible region. 

The author desires to express his thanks to Messrs. E. B. Robert- 
son, B.Sc., and C. P. Stein, B.Sc., for having photographed the 
absorption spectra of these compounds. 
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EXPERIMENTAL. 


Rearrangement of Benzylideneanthrone Dibromide-——The con- 
ditions already described (Cook, loc. cit.) for the preparation of the 
semipinacolin (VII) were found to give the best results, and the 
product was conveniently obtained free from anthraquinone by 
acidifying a filtered aqueous solution of the sodium salt. In one 
experiment, in which 85 g. of benzylideneanthrone dibromide were 
treated with moist silver oxide, a 35% yield of the pure semi- 
pinacolin was obtained and the residues, on oxidation, gave a 25% 
yield of 2-benzoylbenzophenone-2’-carboxylic acid (II) and a 30% 
yield of anthraquinone. The proportion of material converted 
into the seven-membered ring compound was thus 60%. The use 
of acetone as a solvent is not essential, since the transformation also 
occurred in the presence of alcohol. . 

A monoxime was obtained when the semipinacolin (VII; 2 g.) 
was heated in alcoholic solution (25 c.c.) for 2 hours with hydroxyl- 
amine hydrochloride (2 g.) and sodium acetate (3 g.) dissolved in a 
little water. The resulting solution was diluted somewhat, and 
the product twice recrystallised from aqueous alcohol. The resulting 
colourless needles, m. p. 191—193°, contained nitrogen (Found : 
C, 80-2; H, 4-9. C,,H,,0O,N requires C, 80-5; H, 48%). 

Reduction of the Semipinacolin (VI1).—(a) The substance (5 g.) 
was intimately mixed with zinc dust (15 g.) and heated on the water- 
bath for 3 hours with concentrated ammonia (100 c.c.) diluted with 
water (50 c.c.). The solid in suspension was collected, dried, and 
extracted with ether. After removal of the ether, the residue was 
recrystallised twice from benzene-light petroleum (yield, 3-3 g.), 
and finally from toluene. The dihydro-compound (IX) formed a 
colourless, crystalline powder, m. p. 186—188° after sintering and 
becoming yellow at 178°. It gave a colourless solution in boiling 
aqueous sodium hydroxide, but was unaffected by sodium carbonate 
(Found: C, 83-9; H, 5-6. C,,H,,0, requires C, 84:0; H, 5-3%). 

This dihydro-compound (1 g.) yielded a diacetate when heated 
on the water-bath for an hour with acetic anhydride (2 c.c.) in 
pyridine (3 c.c.). After two recrystallisations from alcohol the 
diacetate formed colourless plates, m. p. 154—156° (Found: C, 
78:1; H, 5:3. C,;H» 0, requires C, 78-1; H, 5-2%). 

The dihydro-compound (IX) was recovered unchanged after 
heating for 2 hours in alcoholic solution with hydroxylamine hydro- 
chloride and sodium acetate, and after boiling for 4 hour with 10% 
alcoholic sodium hydroxide solution. It yielded a resinous product 
when reduced with sodium and boiling amyl alcohol. An acid was 
also formed, but purification was difficult and the amount obtained 
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too small for investigation. Oxidation of the dihydro-compound 
with chromic acid in boiling acetic acid yielded 2-benzoylbenzo- 
phenone-2’-carboxylic acid. 

(b) The semipinacolin (1 g.) was heated in a sealed tube at 190° 
for 7 hours with 50°% hydriodic acid (15 c.c.) and red phosphorus 
(0-6 g.). The resulting solid was extracted with boiling alcohol. 
The alcoholic filtrate, on cooling, deposited 0-5 g. of pure 9-benzyl- 
9 : 10-dihydroanthracene, identified by direct comparison with an 
authentic sample (Cook, J., 1926, 1681). 

Oxidation of the Semipinacolin (VII).—(a) On addition of potass- 
ium ferricyanide to a cold aqueous solution of the potassium salt 
of the semipinacolin the red colour was immediately discharged. 
The resulting gelatinous precipitate could not be obtained crystalline 
and was not further investigated. 

(b) A boiling solution of the semipinacolin (20 g.) in acetic acid 
(200 c.c.) was treated slowly with an aqueous solution of chromic 
acid (50 g.). Boiling was continued for 4 hour, and the solution 
diluted with water; the precipitate was collected, extracted with 
sodium carbonate solution, and the filtrate acidified with hydro- 
chloric acid. The precipitate was recrystallised from acetic acid, 
aqueous alcohol, and finally from xylene. 2-Benzoylbenzophenone- 
2’-carboaylic acid (I1) forms colourless needles, m. p. 228° (Found : 
C, 76-3; H, 4:5. C,,H,,0, requires C, 76-4; H, 4:2%). Fusion 
with potassium hydroxide yielded only benzoic acid. 

The methyl ester was obtained when the acid (2 g.) was heated on 
the water-bath for 4 hours with methyl alcohol saturated with 
hydrogen chloride (20 c.c.). It separated on cooling and after 
recrystallisation from methyl alcohol formed colourless, glistening 
needles, m. p. 165° (Found: C, 76-4; H, 4:7. C,.H,,0, requires 
C, 76-7; H, 465%). This ester was recovered unchanged after 
heating on the water-bath for an hour with acetic anhydride in 
pyridine and was reconverted by hydrolysis into the original acid. 
These results are in accordance with the structure assigned to the 
acid, since a hydroxyl group, if present, would scarcely have 
resisted both methylation and acetylation. 

2-Benzoylbenzophenone-2’-carboxylic acid reacted with hydroxy]- 
amine in alkaline solution, but the product could not be purified. 

An acetate (derived from III) was obtained when 2-benzoy]l- 
benzophenone-2’-carboxylic acid (1 g.) was heated for an hour on 
the water-bath with acetic anhydride (1 c.c.) in pyridine (4 c.c.). 
When the cooled solution was diluted with water an oil separated 
which slowly solidified. The product was washed with cold dilute 
sodium carbonate solution and with water and recrystallised from 
alcohol. o-Benzoylphenylacetoxyphthalide forms small, colourless 
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needles, m. p. 171—173° (Found: C, 73-9; H, 4:5. C,,3H,,0, 
requires C, 74:2; H, 4:3%). 

Reduction of 2-Benzoylbenzophenone-2'-carboxylic Acid.—With the 
object of obtaining 1-benzylanthrone, or a derivative by subsequent 
ring closure, attempts were made to reduce this acid to 2-benzyl- 
diphenylmethane-2’-carboxylic acid. This result appeared to be 
achieved by reduction with zinc dust and boiling sodium hydroxide 
solution, but the resulting acid could not be obtained crystalline 
and dehydration with sulphuric acid was accompanied by con- 
siderable oxidation and sulphonation. 

Reduction with zinc dust and boiling acetic acid for 4 hours gave 
a yellow pasty substance which could not be purified, together with 
a small amount of an acid. This acid was extracted with sodium 
carbonate solution and then reprecipitated and crystallised twice 
from benzene. The product formed yellowish, microscopic needles, 
m. p. 213—214° (Found: C, 79-6; H, 5:2. ©C,,H,,0, requires 
C, 79-7; H, 51%). 

Spirocyclic Lacione of 9-0-Carboxyphenyl-9-hydroxyanthrone (1).— 
A solution of 2-benzoylbenzophenone-2’-carboxylic acid (10 g.) in 
concentrated sulphuric acid (100 c.c.) was heated at 160° for ? hour. 
After cooling, the solution was poured into water, and the pre- 
cipitate collected. The precipitate was recrystallised from acetic 
acid containing a little chromic acid, the purpose of the latter being 
to destroy a trace of coloured impurity. The product was quite 
pure (yield, 8 g.), but for analysis a sample was recrystallised from 
benzene-light petroleum (Found: C, 80-6; H, 3-9. (C,,H,,0, 
requires C, 80-7; H, 3-85%). This lactone forms colourless needles, 
m. p. 238—239°; the m. p. was depressed by admixture with 
1-benzoylanthraquinone.* The lactone was hydrolysed by boiling 
alcoholic potassium hydroxide, giving a solution which remained 
clear on dilution. From this solution the lactone was reprecipitated 
by the addition of a mineral acid. 

9-0-Carboxyphenylanthrone (IV).—A boiling solution of the spiro- 
cyclic lactone (I; 2 g.) in acetic acid (25 c.c.) was treated with 
granulated tin (2 g.) and concentrated hydrochloric acid (4 c.c.), 
slowly added. After boiling for 1} hours, the clear yellow solution 
was decanted from the excess of tin, diluted with a little water, and 
cooled. The resulting yellow solid was evidently the anthranol, 
but it passed into the anthrone and became colourless when warmed 


* The crude lactone, but not the purified product, gave a green colour when 
its solution in sulphuric acid was treated with copper bronze. The green 
solution yielded a violet precipitate on dilution, and this colour reaction is 
taken as indicating the presence of a trace of 1-benzoylanthraquinone (formed 
by loss of water from II) in the crude dehydration product (compare Schaar- 
schmidt, Ber., 1915, 48, 837). 
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with benzene. Recrystallisation from benzene gave 9-o-carboxy- 
phenylanthrone as colourless needles, m. p. 226—227° (Found: 
C, 80-2; H, 46. ©,,H,,0, requires C, 80-2; H, 45%). This 
anthrone gave an intense bluish-green colour when warmed with § 
concentrated sulphuric acid, and dissolved in sodium carbonate 
solution with liberation of carbon dioxide to give the orange-yellow 
solution characteristic of an anthranol. 

9-0-Carboxyphenylanthracene (V).—The spirocyclic lactone (I; 2 g.) 
was intimately mixed with zinc dust (6 g.) and heated on the water- | 
bath with concentrated ammonia (20 c.c.), diluted with water 
(10 c.c.), for 3 hours. After cooling, the solid was collected, the 
excess of zinc extracted with hydrochloric acid, and the residue 
recrystallised from acetic acid containing hydrochloric acid. The 
resulting colourless, glistening needles were recrystallised from 
benzene-light petroleum and finally from alcohol and then melted 
at 250—251° (Found: C, 84:3; H, 4:85. C,,H,,0, requires C, 
84:6; H, 4:7%). This acid formed sparingly soluble salts with the 
alkali metals, and dilute solutions of these salts had a violet 
fluorescence. 

Synthesis of the Spirocyclic Lactone (1) of 9-0-Carboxyphenyl- 
9-hydroxyanthrone.—(a) Phenyldi-o-tolylearbinol. Ethyl benzoate 
(11-5 g.) was added to a Grignard solution prepared from o-bromo- 
toluene (34 g.) and magnesium (4:8 g.), cooled in a freezing mixture. 
After addition of the ester, the ethereal solution was boiled for 
3 hours and then decomposed with ice and hydrochloric acid. The 
ethereal layer was washed, the ether distilled off, and volatile by- 
products removed from the residue by steam distillation. The 
resulting viscous oil gave an orange-red solution in sulphuric acid, 
its solution in light petroleum yielded the corresponding chloride 
when treated with hydrogen chloride, and the chloride easily reacted 
with pyridine to give a quaternary salt. None of these products, 
however, could be obtained in a crystalline condition. 

(b) Lactonic acid of triphenylcarbinol-2 : 2’-dicarboxylic acid. 
The crude phenyldi-o-tolylcarbinol (10 g.), prepared as described 
above, was suspended in a little potassium hydroxide solution and 
treated with a solution of potassium permanganate (25 g.) in water 
(500 c.c.). The whole was boiled for 16 hours, the small amount 
of residual permanganate removed by the addition of alcohol, and 
the precipitated hydroxides of manganese, which were contaminated 
with a considerable amount of unchanged carbinol, removed by 
filtration. The filtrate was acidified, and the resulting precipitate 
recrystallised successively from aqueous acetic acid, aqueous alcohol, 
and aqueous acetic acid (Found: C, 76-4; H, 45. C,,H,,0, 
requires C, 764; H, 42%). This lactonic acid formed colourless 


CAMPNOSPERMONOL, A KETONIC PHENOL, ETC, 65 


needles, m. p. 225—227°, and yielded a methyl ester which could 
not be purified on account of its excessive solubility and tendency 
to become resinous. 

(c) Dehydration of the lactonic acid. A solution of the lactonic 
acid (0-5 g.) in concentrated sulphuric acid (5 c.c.) was heated at 
160° for 3} hour. The cooled solution was poured into water and 
the precipitate was collected, extracted with dilute sodium hydroxide 
solution, and recrystallised from acetic acid. The resulting colour- 
less needles melted at 238—239° and were shown to be identical 
with the spirocyclic lactone (I) prepared by dehydration of 2-benzoyl- 
benzophenone-2’-carboxylic acid. 


The author desires to express his thanks to the Research Fund 
Committee of the Chemical Society for a grant which has defrayed 
part of the cost of this research. 
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X.—Campnospermonol, a Ketonic Phenol from 
Campnospermum brevipetiolatum. 


By THomas GinpErt Henry JONES and FRANK BERRY SMITH. 


Campnospermum brevipetiolatum (N.O. Anacardiacee), a large tree 
endemic in the Sepik River district, Mandated Territory of New 
Guinea, is stated by C. E. Lane Poole (‘‘ Forest Resources of the 
Territories of Papua and New Guinea,” p. 106) to yield on tapping 
an oily exudate used by the natives as a substitute for cocoanut oil. 

This material, received through the instrumentality of Mr. Lane 
Poole, consists principally of a ketonic phenol, C,,H,.0, or CogH440., 
of phytochemical interest because of the association of the oleyl 
radical with an aromatic residue and possible generic connexion with 
the fatty oils, and represented by one of the constitutional formule 


RL pO Re a |,CH, 


8-m-hydroxypheny1-A~-heneicosadien-5-one 
and OC eM tat eter eat 


8-m-hydroxybenzyl-A“-heneicosadien-8-one, 


the results of investigation failing to distinguish between these. 


The ketonic phenol, which we propose to designate campnospermonol, 
D 
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is conveniently isolated in the form of the more stable methyl ether 
by distillation of the latter under reduced pressure. 

It is characterised chemically by solubility in caustic alkali, 
reactivity with acetic anhydride, and capacity for oxime formation. 
The iodine values and the ready addition of four atoms of hydrogen 
under the influence of platinum as catalyst afford evidence of the 
existence in campnospermonol and campnospermony! methyl! ether 
of two ethenoid linkages. That neither linkage is conjugated with 
respect to the carbonyl group follows from the non-occurrence of 
the usual reactions of «$-unsaturated ketones and from the norm- 
ality of the molecular refraction. 

Ready oxidation of campnospermonyl methyl ether in cold 
acetone solution by means of potassium permanganate produces 
m-methoxybenzoic, azelaic, formic, and nonoic acids, the last-named 
in quantitative yield. No dibasic acid other than azelaic was 
detected. Definite evidence of the attachment of a methylene 
group in the chain is the production of formic acid by oxidation with 
ozone of the methyl ether in chloroform, there being obtained also 
nonoic acid and nonoaldehyde, together with long-chain acid and 
aldehydic substances the constitutions of which were not experi- 
mentally ascertained. 

Reduction of campnospermonyl methyl ether by hydrogen in 
presence of platinum produced hydrocampnospermonyl methyl ether, 
C.gH,,0, or Cy9H5,0,, a crystalline ketone, yielding a crystalline 
oxime and producing on oxidation in acetone by potassium per- 
manganate m-methoxybenzoic, margaric, and oxalic acids. 

The acid product of the action of phosphorus pentachloride on 
the oximino-derivative of hydrocampnospermonyl methyl ether 
consisted largely of stearic acid with a smaller amount of undeter- 
mined, presumably aromatic, acid. Accidental loss of the bulk of 
the nitrile simultaneously produced in this reaction precluded other 
than its cursory examination. The mixture of acids obtained on 
hydrolysis of the nitrile was mainly aromatic, but contained a small 
amount of fatty acid, probably margaric. The results, while 
indicating that the oximino-derivative probably consisted of two 
isomerides, one in preponderating amount, serve, from the fact of 
the direct production of stearic acid, to fix the position of the 
carbonyl group definitely as indicated in the chain. 

Conclusive evidence has not been obtained as to the exact con- 
stitution of that portion of the chain comprising the attached 
methylene group and situated between the carbonyl group and the 
aromatic nucleus, although the acetyl value (128) determined for 
crystalline hydrocampnospermonyl acetate appears to favour the first 
of the formule proposed. 
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Reduction of the carbonyl group of campnospermonyl methyl 
ether to methylene by Clemmensen’s method (Ber., 1913, 46, 
1837) and subsequent hydrogenation of the ethenoid linkages 
yielded the saturated methoxy-hydrocarbon, $-m-methoxypheny]l- 
heneicosane or $-m-methoxybenzylheneicosane. 

Further work on campnospermonol and its derivatives is con- 
tingent on the receipt of additional material. In view of the remote- 
ness of the source of supply, however, postponement of publication 
of the results already obtained is deemed inadvisable. 


EXPERIMENTAL. 


The exudate, a dark, somewhat viscous liquid having the super- 
ficial characteristics of a fatty oil, an odour reminiscent of the 
higher fatty acids, and the constants d** 0-9604, nj} 1-489, acetyl 
value 125, and acid value 17, dissolved almost completely in dilute 
caustic alkali solution, whence 3°%, of resinous material was extracted 
by ether, and the phenolic constituent was liberated by passage of 
carbon dioxide. 

Alternatively, the phenol was separated by extraction with ether 
after neutralisation of acid substances with an equivalent of alkali, 
or by acetylation and removal of acids by alkali extraction. 

The ketonic phenol (campnospermonol) distilled at 260°/5 mm. 
with some decomposition as an amber, oily liquid that gave no 
distinctive coloration with ferric chloride; it had d* 0-9454 and 
ny, 61-4925 (Found: C, 81-2; H, 10-5. C,,H,.0, requires C, 81-4; 
H, 10-7%). 

Campnospermonyl acetate had d®* 0-9550, nj” 1-489, and 
b. p. 255—260°/5 mm. 

Campnospermonol oxime distilled with some decomposition at 
240°/5 mm.; d* 0-9195; nif" 1-489 (Found: N, 3-0%). 

Campnospermonyl Methyl Ether—Since the methyl ether was 
deemed best adapted for investigation, the bulk of the oil was 
methylated with methyl sulphate and sodium hydroxide, a small 
amount of acid material removed by hydrolysis of the ester and 
extraction of the alkali salt, and the residue distilled. The light 
yellow, oily ether distilled constantly at 240°/5 mm., appeared 
homogeneous, and had d'* 0-9342, n° 1-4960, iodine value 131, 
[Rp 128-8 (calc. for C,,H,,0,, 128-8) (Found: C, 81-3; H, 10-7; 
OMe, 7:5.* C,,H,,O, requires C, 81:5; H, 10-7; OMe, 7-3%. 
C,5H,,0, requires C, 81:7; H, 10-8%). 

The stable oxime had b. p. 215°/4 mm., d*™ 0-9010, and nj” 
1-478 (Found: N, 3-2. C,9H,,0O,N requires N, 3:2%). 

* On analyses alone, formule comprising 26 to 29 carbon atoms could 
not be excluded for campnospermonol and its derivatives. 
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Oxidation Products of Campnospermonyl Methyl Ether.—(a) The 
methyl ether (200 g.) in acetone (500 c.c.) at 0° was oxidised with 
potassium permanganate (440 g.). After removal of the acetone, 
which left no residue on evaporation, the manganese dioxide was 
repeatedly treated with boiling water, the solution of potassium 
salts concentrated to small bulk and acidified with dilute sulphuric 
acid, a considerable amount of volatile acid distilled in steam, and 
the residual liquor thoroughly extracted with ether, finally in a 
continuous extractor. All the acids were converted into ethy] 
esters and fractionally distilled. 

The bulk of the esters (90 c.c.) of acids volatile in steam distilled at 
96—98°/10 mm. and had the constants of ethyl nonoate, d’** 0-8700, 
n* 1-420, b. p. 222°/760 mm.; the recovered acid was identified as 
nonoic acid by the percentage of silver (40-8) in the silver salt, by 
formation of the characteristic barium nonoate, and by preparation 
of the amide (m. p. 99-5°). The nonoic ester recovered corresponded 
practically to one-third of the weight of the methyl! ether. 

Formic acid was detected by qualitative tests in the distilled acid 
liquor after extraction of nonoic acid with ether. 

The esters of acids not appreciably volatile in steam were separ- 
ated by fractionation (5 mm.) ultimately into two main fractions 
(i and ii), and a small first fraction consisting essentially of ethy! 
nonoate. (i) was ethyl m-methoxybenzoate (30 c.c.), b. p. 110°/ 
5 mm., 255°/760 mm., d* 1-082, nt 1-491. The liberated acid 
was identified as m-methoxybenzoic, m. p. 106-5° (Found : C, 62:8; 
H, 5-4; OMe, 20-1; Ag in silver salt, 41-6%). (ii) was ethyl 
azelate (40 c.c.), b. p. 130—132°/5 mm., 290°/760 mm. The 
recovered acid, crystallised from water, melted at 106-5° (Found: 
C, 57-6; H, 8-6; Ag in silver salt, 53-6; acid number, 592. Calec.: 
C, 57-5; H, 8-5%%; acid number, 596). 

(b) Campnospermony! methyl ether (10 g.), dissolved in chloro- 
form (50 c.c.), was treated with ozone in the usual manner, and the 
viscous ozonide, after removal of the chloroform in a vacuum, 
was decomposed by steam. Nonoaldehyde and nonoic and formic 
acids were readily identified products, the last-named by the usual 
qualitative reactions. and formation of lead formate (Found: 
Pb, 70-1%). The products not volatile with steam consisted of 
aldehydic and acid material, non-crystallisable and non-distillable, 
and obviously complex, consisting apparently of an aromatic 
nucleus and considerable side chain. No simple aromatic acid or 
aldehyde appeared to have been formed: this fact, indicative of 
absence of complete scission of the molecule at the second ethenoid 
linkage, together with the production of formic acid was evidence 
of the presence of the attached methylene group in the chain. 
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The occurrence of nonoic and azelaic acids as oxidation products 
demonstrated the presence in campnospermonol of the unsaturated 
linkage of natural oleic acid. 

Reduction Products of Campnospermonol.—(a) Three successive 
treatments with sodium and alcohol were required to complete the 
reduction of campnospermonyl methyl ether to the corresponding 
secondary alcohol, d°* 0-9191, b. p. 250°/5 mm. (Found: C, 80-9; 
H, 10-9. C,gH,,O, requires C, 81-1; H, 11-1%). The unsaturated 
linkages remained unaffected. 

(b) Pure dry hydrogen was passed into a vigorously shaken 
solution of campnospermonyl methyl ether (50 g.) in anhydrous 
ether (200 c.c.) in which 0-25 g. of platinum dioxide was present 
(Voorhees and Adams, J. Amer. Chem. Soc., 1922, 44, 1397). 
Saturation was rapid, and hydrocampnospermonyl methyl ether was 
isolated ; it crystallised from alcohol in plates, m. p. 54° (Found : 
C, 80-9; H, 11-4. C,,H,,O, requires C, 80-8; H, 11-5%). 

The crystalline oxime melted at 43° (Found: N, 3-1. C,,H,O,N 
requires N, 3-2%). 

The analytical values indicate addition of four hydrogen atoms 
to the molecule and the existence in campnospermonol of two 
ethenoid linkages. By similar reduction of campnospermonyl 
acetate there was obtained also wax-like hydrocampnospermonyl 
acetate (m. p. 61°; acetyl value 128), sparingly soluble in cold 
alcohol, from which crystalline hydrocampnospermonol, m. p. 70°, 
was obtained on hydrolysis. 

(c) Reduction of campnospermony] methy] ether with amalgamated 
zinc and concentrated hydrochloric acid (Clemmensen, loc. cit.) 
proceeded with extreme slowness at 100° even with constant and 
vigorous agitation. Addition of glacial acetic acid appreciably 
promoted the reaction. Treatment was continued during several 
days until, as apparent from the attainment of minimum density 
of the product, conversion of the carbonyl into the methylene 
group was complete. The ethenoid linkages were unaffected. The 
product was a colourless unsaturated methoxy-hydrocarbon, almost 
insoluble in alcohol, d”* 0-9093, nj’ 1-4950, b. p. 226°/5 mm. 
(Found : C, 84:2; H, 11-6. C,,H,,0 requires C, 84-4; H, 11-6%). 

Further reduction with hydrogen in presence of platinum gave 
a saturated crystalline methoxy-hydrocarbon, m. p. 45° (Found : 
C, 83-2; H, 12-5. C,gH,,O requires C, 83-6; H, 12-4%), which 
was stable to permanganate in boiling acetone. 

The amount of these methoxy-hydrocarbons available did not 
permit of further examination. 

Oxidation of Hydrocampnospermonyl Methyl Ether —The reaction 
between the ether (50 g.) in acetone (200 ¢.c.) and potassium per- 
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manganate (157 g.), tardy in the cold, was completed in the boiling 
solution. After removal of the acetone the manganese dioxide 
was extracted with (a) boiling 90% alcohol and (b) boiling water. 

(a) The potassium salt that separated on concentration and 
cooling was converted into ethyl ester, b. p. 185°/5 mm., m. p. 28° 
after recrystallisation. The acid obtained by hydrolysis and 
recrystallisation from alcohol and from acetone was margaric acid, 
m. p. 61-5°, acid number 204 (Found: C, 75:3; H, 12-5; Ag in 
silver salt, 28-8. Calc.: C, 75:5; H, 126%; acid number, 207). 

(b) The aqueous extract, to which was added the mother-liquor 
from the crystallisation of potassium margarate, was acidified, and 
the acid extracted by ether was esterified and fractionally distilled. 
The principal fraction was ethyl m-methoxybenzoate with a little 
ethyl margarate. Oxalic acid was detected in the aqueous extract 
after removal of the liberated m-methoxybenzoic acid. 

Reaction of Oximinohydrocampnospermonyl Methyl Ether with 
Phosphorus Pentachloride—Hydrocampnospermonyl methyl ether 
(20 g.), suspended in absolute alcohol (200 c.c.) in which sodium 
(3 g.) was dissolved, was shaken at 0° with amyl nitrite (15 g.) for 
several hours. The liquor was then diluted with water, filtered, 
and treated with acetic acid, an imperfectly crystalline oximino- 
compound (20 g.), apparently a mixture, being thus obtained. 
This, in dry chloroform (50 c.c.) at 0°, was treated with phosphorus 
pentachloride (15 g.) and after several hours the chloroform solution f 
was washed with water and extracted with dilute aqueous potassium 
hydroxide. The acid yielded by the alkaline solution was con- 
verted into an ethyl ester, m. p. 33° after recrystallisation from 
alcohol; the acid recovered from this was stearic acid, m. p. 69°, acid 
number 197 (Found: C, 75:8; H, 12-5. Cale.: C, 76-0; H, 
12-7%; acid number, 197). 

UNIVERSITY OF QUEENSLAND, 

BRISBANE. [Received, November 14th, 1927.] 


XI.—Action of Beckmann’s Chromic Acid Mizture 
on Some Monocyclic Terpenes. 
By Tuomas ANDERSON HENRY and HUMPHREY PAGET. 


Or the fourteen possible structural isomerides which can be repre- 
sented by the p-menthadiene formula for monocyclic terpenes, 
eight are known with certainty, four are doubtful, and two are 
unknown. ‘There are, on the other hand, described in the literature 
a considerable number of natural hydrocarbons of the formula 
C,9H,,, the constants of which indicate that they may be p-men- 
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thadienes, but from which crystalline derivatives of the type used 
for the identification of such terpenes have not been obtained. One 
of these was the so-called “ levorotatory terpene of chenopodium 
oil,’ and in showing that this was composed of a mixture of «-ter- 
pinene, l-limonene, and isolimonene (A?‘*®-»-menthadiene) with 
p-cymene, the authors obtained useful confirmatory evidence by 
examination of the products formed by the gradual oxidation of the 
mixture with Beckmann’s chromic acid mixture (Henry and Paget, 
J., 1925, 127, 1649). As a preliminary to that work, a number of 
the monocyclic terpenes obtainable commercially in a reasonably pure 
state were oxidised with Beckmann’s mixture, and the products 
examined. As these results, particularly those obtained with 
«-phellandrene, are of considerable interest and as the method may 
prove useful in facilitating the identification of terpenes in complex 
natural mixtures of these products, especially where much p-cymene 
is present, it has been thought desirable to place them on record. 

It has already been shown (Henry and Paget, J., 1921, 149, 
1714; 1923, 123, 1878) that with this oxidising agent «-terpinene (I) 
is converted mainly into dimethylacetonylacetone (II), only minute 
quantities of the usual precursor of this diketone, «8-dihydroxy- 
a-methyl-3-isopropyladipic acid (IIT), being obtained, even when 
the reaction is not prolonged. With potassium permanganate, on 
the contrary, the diketone is formed only in small amounts, the 
acid in its anti- and para-forms being the chief product. 

CMe-OH COMe 
HG” S00,H eo HAC 
CO,H x 
CPr*-OH COPré 
(III.) (II.) 

a la is readily destroyed; but limonene (IV) is only 
slowly attacked by Beckmann’s mixture, yielding 1: 2: 8-tri- 
hydroxyterpan (V), m. p. 122°, and the keto-lactone (VI) which 
Wallach (Annalen, 1893, 275, 153) first obtained by the oxidation 
of «-terpineol (VII); this, therefore, is probably the product first 
formed by the action of chromic acid on limonene. 
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The «-phellandrene (VIII) used was purchased on various occa- 
sions in London and its botanical origin is unknown, although it 
was no doubt derived from one or other of the species used for the 
production of eucalyptus oil. All the samples yielded the same 
products on oxidation with Beckmann’s mixture, viz., thymo- 
quinone and two ketolactones, C,yH,,03 and C,H,,03, both of which 
were isolated in the form of their semicarbazones, which are 
separable from each other with great difficulty. 

The keto-lactone C,,H,,0, (IX) is oxidised by sodium hypo- 
bromite, but instead of the dibasic hydroxy-acid or its lactone, 
which would be the normal product, a dibasic acid, CyH,,0,, is 
formed, which is readily oxidised further by potassium perman- 
ganate to «-isopropylsuccinic acid. Such a dibasic acid may arise 
from the dibasic hydroxy-acid by loss of water in two ways, to 
give either £-isopropyl-«$-dihydromuconic acid, 

CO,H-CH,°CHPr*-CH:CH-CO,H (Xa), 

which should readily absorb bromine (compare Baeyer and Rupe, 
Annalen, 1890, 256, 18), or, if carbon atoms 3 and 5 are involved, 
a cyclopropane derivative (Xb). Oxidation of either could give rise 
to isopropylsuccinic acid, being preceded in the second case by 
hydration, as in that of dimethyldicyclopentanonedicarboxylic acid 
(Farmer and Ingold, J., 1920, 117, 1369). The molecular refraction 
of the diethyl ester is closer to that calculated for the unsaturated 
structure, on the usual assumptions (Eisenlohr, ‘‘ Spectrochemie 
organischer Verbindungen,”’ 1912, p. 48), than to that for the 
cyclopropane structure, but as we were unable to form any addition 
product with bromine the cyclic formula cannot be left out of 
account. 

The second keto-lactone, C,H,,03, we propose to represent by 
formula (XI). It furnishes with sodium hypobromite bromoform 
and a lactone acid, C,H,,O, (XII), which on further oxidation by 
permanganate yields «-isopropylsuccinic acid (XIII). The latter 
also occurs, as would be expected, among the direct oxidation 
products of «-phellandrene by Beckmann’s mixture, and it has 
already been obtained by Semmler (along with «-isopropylglutaric 
acid : the latter being attributed to the presence of 8-phellandrene) 
by the oxidation of commercial phellandrene from eucalyptus oil 
with permanganate (Ber., 1903, 36, 1749). Semmler’s acid had f 
m. p. 116°, was optically active, although no specific rotation is 
quoted, and gave an anilic acid, m. p. 143°; the melting point of 
the racemic anilic acid has been given as 145° (Bentley, Perkin, and 
Thorpe, J., 1896, 69, 274), 139° (Bone and Sprankling, J., 1900, 
77, 658), and 135° (Crossley, J., 1902, 84, 682). The acid we have 
obtained has m. p. 95°, [«|p — 22-64° (sodium salt), and yields an 
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anilic acid, m. p. 129°. Apart from an observation by Wallach 
(Annalen, 1900, 313, 354), who gives 85—88°, no melting point 
lower than 115° seems to have been recorded previously for «-iso- 
propylsuccinic acid, and we at first thought our acid must be 
|-x-isopropylglutaric acid, for which m. p.’s 92° to 97° have been 
recorded and from which on one occasion Wallach prepared an 
anilic acid, [«]p — 24-2°, m. p. 129° (Annalen, 1911, 379, 189), 
although this derivative is stated by Semmler (loc. cit.) to melt at 
159°. To make sure of this point, we resolved dl-«-isopropyl- 
succinic acid into its optical antipodes. The two optically active 
forms obtained melted at 94°, and had [«])-+ 23° (approx.). The 
anilic acid of the d-form had m. p. 129°. Mixtures of our acid with 
(a) the d-form and (6) the /-form melted at 117° and 94°, respec- 
tively, and a mixture of our anilic acid with that from the d-acid 
at 142°. There can be no doubt, therefore, that the acid produced 
directly and indirectly by the oxidation of J-«-phellandrene is 
jupe, — /-«-isopropylsuccinic acid. In addition, a small quantity of the 
ved, F racemic acid was obtained, probably due to some racemisation of 
» rise F the /-phellandrene. 
e by In view of these facts, it seems possible that occasionally «-iso- 
acid § propylsuccinic acid has been mistaken for «-isopropylglutarie acid. 
ction § Thus in Wallach’s case (loc. cit.) the original acid melted at 92—93° 


rated F and had [a], — 15-82°, but on treatment of its anhydride with 
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> the § respectively. Only the former was analysed and gave good results 

ition § for isopropylglutaranilic acid. ‘The second anilic acid had [a], — 

ut of F 24-2°, and it seems quite likely that it was «-isopropylsuccinanilic 
acid and that the acid, m. p. 92—93°, was a mixture. 
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has been found to form a disemicarbazide derivative in addition to 
the hydroxymethylisopropylbenzeneazoformamide described by 
Heilbron and Henderson (J., 1913, 103, 1419). 

The ultimate residue of unattacked oil is a mixture of cineole, 
which is a natural constituent of the oil from which the «-phellan- 
drene was prepared, and »-cymene, which is also known to occur in 
the essential oils of the eucalyptus species (see Baker and Smith, 
* Eucalypts and their Essential Oils,” 1920, p. 356); the latter 
was identified by analysis and by oxidation to p-hydroxyisopropyl- 
benzoic acid. 

That p-cymene was actually present in the commercial phellan- 
drene used, was proved by removing the phellandrene as the 
nitrosite and the cineole as the resorcinol compound and examining 
the residual oil; it was then found that about 17% of the original 
material consisted of this hydrocarbon. p-Cymene is attacked 
exceedingly slowly by Beckmann’s chromic acid mixture, yielding 
p-methylacetophenone in minute quantities. 

All the oxidation products of «-phellandrene now described may 
be regarded as derived from a primary dihydric cyclic alcohol (XVI) 
produced by the addition of the elements of a molecule of water at 
each ofthe ethylenic linkages of «-phellandrene (VIII). 

It is:probable that this is also the chief mode of attack of the 
reagent on «-terpinene (I), since dimethylacetonylacetone (II) is 
the normal product and only minute quantities of «5-dihydroxy- 
a-methyl-8-isopropyladipic acid have been found, for the formation 
of which it is necessary to assume (Wallach, Annalen, 1908, 362, 
296) the addition of a hydroxyl group at each end of each of the 
ethylenic linkages. On the contrary, the production of 1 : 2 : 8-tri- 
hydroxyterpan (V) from limonene (IV) requires the hydration of 
the extracyclic ethylenic linkage to form terpineol (VII) and the 
subsequent addition of a hydroxyl group at each end of the cyclic 
double linkage to form the trihydric alcohol (V). 


EXPERIMENTAL. 


In the earlier experiments, 100 c.c. of the terpene under examin- 
ation were shaken repeatedly with an equal volume of Beckmann’s 
mixture until no further absorption of the terpene took place, but 
it was subsequently found more convenient to treat the terpene 
with 20 times its volume of the oxidising agent, and to submit the 
recovered oil to a second treatment as soon as enough had been 
accumulated for this purpose. Both processes yielded the same 
products. The unattacked oil (D) was separated from the chromic 
acid liquor and the latter was thoroughly extracted with ether free 
from aleohoi. On removal of the solvent, a viscid oil was left, 
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which was redissolved in sufficient ether and separated into acid (B) 
and neutral (A) portions by repeated agitation with a saturated 
aqueous solution of sodium carbonate. A further quantity of acid 
(C) was usually obtained by concentrating the chromic acid liquor 
after neutralisation, again making it acid and extracting it with 
ether. 


Limonene. 


Limonene is much less readily attacked by Beckmann’s mixture 
than phellandrene, but oxidation proceeds a little more rapidly if 
the terpene is diluted with an equal volume of glacial acetic acid. 

Limonene (di 0-8484, [«]i? + 90-1°) (50 c.c.), dissolved in 
glacial acetic acid (50 c.c.), was shaken mechanically for 5 days 
with 1000 c.c. of Beckmann’s mixture. The unattacked terpene 
was then separated (46 c.c.) and the products were treated as 
described above; after 14 repetitions of the process, 8 c.c. of oil 
remained, [«]i* + 48-5°. The neutral extract (A) (28 g.), after 
distillation, yielded a semicarbazone which crystallised from alcohol 
in minute needles, m. p. 210°, [«]i’° + 1-28° in acetic acid (c = 
1-486) (Found: C, 544; H, 8-0; N, 18-1. C,,H,,0O,N, requires 
C, 54:8; H, 7-9; N,17-4%). This was proved by a mixed melting- 
point determination to be identical with the semicarbazone of the 
keto-lactone, C,)»H,,03, obtained by the oxidation of «-terpineol. 
The keto-lactone, recovered as described (p. 76), had m. p. 58—60° ; 
[x}is* — 2-12° in water (c= 1-552) and — 7-87° in benzene 
(c = 2-008) (Found : 1 g. equiv. to 5-31 c.c. of N-sodium hydroxide. 
Cale. for C,9H,,03, 5-4 c.c.). 

The residue from the. distillation of the crude extract deposited 
on standing a small amount of a neutral crystalline substance, 
insoluble in ether, with which it was well washed; it then melted 
at 121°, alone or mixed with a specimen of 1 : 2: 8-trihydroxy- 
terpan, C, 9H, 03, prepared from «-terpineol by oxidation with 
potassium permanganate as described by Wallach (Annalen, 1893, 
275, 153). 

a-Phellandrene. 


The four supplies of commercial «-phellandrene used had the 
following constants: di 0-8525, [«]i/ —98-5°; dif 0-8519, 
[a] — 67-7°; dS 0-8828, [a] — 56-1°; 2: 0-8531, [a —75-0°. 

From 1 litre of terpene the average yields of the four crude 
oxidation products referred to above were (A) 110 g.; (B) 102 g.; 
(C) 28 g.; (D) 590 g. 

Extract A (Neutral Oil).—This on treatment with semicarbazide 
acetate in alcohol yielded immediately a semicarbazone, crystallising 
in colourless, glistening leaflets, but all attempts to isolate the 
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original carbonyl compound from the crude extract by direct or 
steam distillation, or by the use of sodium hydrogen sulphite 
solution, failed. The total extract was therefore treated with 
excess of semicarbazide solution, and the mixture left for about 
12 hours. The product was recrystallised until of constant melting 
point, 187° (corr.), from hot 95% alcohol. It had [a]? + 28-9° 
(c = 0-26 in alcohol or 1-96 in acetic acid), + 11-27° (c = 1-61 in 
alcoholic sodium ethoxide), or + 4:13° (ec = 1-6 in aqueous sodium 
hydroxide) (Found for substance driedjin a vacuum at 105°: C, 
52-65; H, 7-7; N, 18-75. Cj 9H,,0,N, requires C, 52-9; H, 7:5; 
N, 18-5%). 

The semicarbazone was hydrolysed by 15% hydrochloric acid in 
presence of ether, the ethereal solution washed with sodium carbon- 
ate solution and dried over anhydrous sodium sulphate, and the 
solvent distilled off, leaving a colourless oil, which crystallised. 
It had m. p. 48—50°, [«]?)’ + 37-1° in water (c = 1-67) and —43-13° 
in benzene (c = 1-46) (Found: C, 63-4; H, 8-4. C,H,,0, requires 
C, 63-5; H, 8-2%). An aqueous solution of the substance remains 
neutral for several days, but such solutions neutralise caustic 
alkalis and 6:1 c.c. of N-sodium hydroxide were necessary to 
neutralise 1 g. of the substance. The amount of alkali required to 
convert a keto-lactone C,H ,,0, into the corresponding ketohydroxy- 
acid, C,H,,0,, is 5-9 c.c. Attempts to isolate the acid from solu- 
tions of the sodium salt by addition of weak acids and extraction 
with solvents merely led to the regeneration of the original keto- 
lactone. 

The keto-lactone (0-9 g.), dissolved in the calculated quantity of 
N-sodium hydroxide, was treated with a 4% solution of potassium 
permanganate until decolorisation no longer took place rapidly. 
The oil (0-8 g.) extracted from the acidified liquor by ether had a 
strong odour of acetic acid and crystallised on standing. The 
crystals had m. p. 93—95°, alone or mixed with /-isopropylsuccinic 
acid prepared as described below; admixture with d-isopropyl- 
succinic acid raised the melting point to 110—117°. 

When the keto-lactone (3 g.), dissolved in the calculated quantity 
of aqueous sodium hydroxide, was added to excess of a freshly- 
prepared, ice-cold solution of sodium hypobromite, the mixture 
became cloudy and deposited bromoform. After 1 hour, the latter 
was extracted with ether and the aqueous liquor was freed from 
hypobromite by cautious addition of sodium hydrogen sulphite, 
acidified, and again extracted with ether. This removed an oil 
(2:3 g.), which on careful trituration with dry benzene deposited a 
crystalline substance, m. p. 225° (decomp.), which contained 31% 
of bromine but could not be obtained in sufficient quantity for 
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detailed examination. The bulk of the acid was evidently a lactonic 
acid, since 1 g. required 6-15 c.c. of N-sodium hydroxide for neutral- 
isation in the cold and 10-74 c.c. when heated with the alkali 
(CsH 1,0, requires 5-8 c.c. of N-sodium hydroxide for neutralisation 
of one carboxyl group and 11-65 c.c. for conversion into the corre- 
sponding hydroxy-dicarboxylic acid C,H,,0,;). The silver salt 
prepared from the disodium salt contained Ag, 53-6°% (Calc. for 
C,H,,.0;Ag,: Ag, 53-49%) (Found for dead salt :.C, 24-9; H, 3-7; 
Pb, 52-3. C,H,,0;Pb requires C, 24-3; H, 3-0; Pb, 52-4%). 

On regeneration from the lead salt by treatment with dilute 
sulphuric acid and extraction with ether, the original lactonic acid 
was obtained as an oil, which slowly solidified when kept in a 
vacuous desiccator; it then melted at 58—60° (Found: C, 55-75; 
H, 7-0. C,H,,0, requires C, 55-9; H, 7-0%). 

On further oxidation with potassium permanganate, this lactonic 
acid, C,H,,0,, was converted into /-isopropylsuccinic acid, which 
was isolated and identified as described above (p. 76). 

This stage of the oxidation of «-phellandrene is represented by 
formule VIII, XVI, XI, XII and XIII (p. 73). 

On keeping the liquors from which the semicarbazone, m. p. 187°, 
was separated, for 2—3 days, a second semicarbazone was obtained 
the yield of which varied from a mere trace to as much as 20%. 
It crystallised from alcohol in small, colourless needles, m. p. 183°, 
[ali +- 55-47° in acetic acid (c = 2-08) (Found: C, 54:8; H, 8-0; 
N, 17-8. C©,,H,,0,N, requires C, 54:8; H, 7-9; N, 17-4%). A 
mixture with the first semicarbazone melted at 168—174°. The 
solubility of these two semicarbazones in alcohol is about the same, 
0-2% at 15°; a mixture of the two is more soluble and very difficult 
to separate. 

The carbonyl compound was obtained from the semicarbazone by 
the method already described (p. 76). It did not crystallise but 
distilled unchanged at 155—160°/1 mm.; [«]}” + 73-67° in water 
(c = 1-775) and + 54-79° in benzene (c = 1-566) (Found: C, 65:1; 
H, 9:0. Cy 9H,,0, requires C, 65:2; H, 8-7%). It dissolves to a 
neutral solution in water, but this solution neutralises sodium 
hydroxide, 1 g. of the substance requiring 5-36 c.c. of N-sodium 
hydroxide (C,)H,,0, requires 5-44 c.c. for conversion into the 
ketohydroxy-acid, C,)H,,0,). The substance is therefore a keto- 
lactone, Cy 9H,,05. 

When this keto-lactone (1-7 g.) was oxidised with alkaline hypo- 
bromite as described above, bromoform was produced and an almost 
quantitative yield (1-5 g.) was obtained of an acid which after 
recrystallisation from benzene melted constantly at 138° and had 
{x} + 15-99° in aqueous sodium hydroxide (c = 4-196). It was 
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readily soluble in alcohol or ether, sparingly soluble in water. It 
gave no evidence of a lactone structure (Found: C, 58-0; H, 7-6. 
1 G. was equiv. to 10-58 c.c. of N-sodium hydroxide. Found in the 
silver salt: Ag, 53-6. C,H,,O, requires C, 58:1; H,7-6%. 1G. is 
equiv. to 10-74 c.c. of N-sodium hydroxide. C,H,,0,Ag, requires 
Ag, 53-95%). The diethyl ester distilled at 168—170°/17 mm. and 
had dé 1-0046, [«]i° + 18-05° in alcohol (c = 7:26), nj” 1-4530, 
whence [R;]p = 65:15 (Found: C, 641; H, 9-25. C,,H5.0, 
requires C, 64:5; H, 9-1%). The calculated molecular refraction 
for a diethyl ester of this empirical formula is 63-11, to which must 
be added 1-73 for an ethylenic linkage or 0-7 for a cyclopropane 
structure, making 64-84 and 63-81, respectively. It was therefore 
a dicarboxylic acid and appeared not to contain an ethylenic linkage, 
since on treatment with bromine in solvents no addition took place 
and the acid was recovered unchanged; the ester behaved similarly. 
The acid was readily oxidised by an aqueous solution of potassium 
permanganate at 0°, yielding an acid which slowly crystallised in 
plates, m. p. 95°, and showed no depression of melting point when 
mixed with /-isopropylsuccinic acid, but raised that of the d-acid to 
113—117°. This stage of the oxidation of «-phellandrene is repre- 
sented by formule VIII, XVI, IX, Xa or Xb, XIII (p. 73). 
Extracts B and C.—The acid extracts did not crystallise on 
standing; an insoluble lead salt was obtained by addition of lead 
acetate to an aqueous solution of the acids, previously neutralised 
by sodium hydroxide. The acid recovered from this lead salt 
crystallised from water, in which it was very soluble, in plates, 
m. p. 95°; [a]i§ — 22-64° in water (c = 8-80) [Found: C, 52-9; 
H, 7-7. 1 G. was equiv. to 11°8 c.c. of N-sodium hydroxide. 
C;H,)(CO,H), requires C, 52-5; H, 75%. 1 G. is equiv. to 12-5 
c.c. of N-sodium hydroxide]. The anhydride distilled at 140— fF 
150°/15 mm., and with aniline in benzene solution gave an anilic 
acid crystallising from benzene in leaflets, m. p. 129° (Found: 
N, 6:1. C,,H,,0,N requires N, 5-9%). dl-tsoPropylsuccinic acid 
melts at 117° and its anilic acid at 144°, and admixture of these 
substances caused no depression of melting point below those of the 
acid and anilic acid, respectively, from phellandrene, which therefore 
appeared to be l-isopropylsuccinic acid and its anilic acid. Since 
some confusion exists as to the physical constants of the optically 
active forms of this acid (see p. 73), and it appears unlikely that it 
has previously been obtained in a pure state, a specimen of the 
dl-acid, m. p. 117°, [«]p -- 0°, the remainder of a sample received 
from the late Prof. A. W. Crossley, was resolved. The quinine salt 
crystallised well from alcohol, the less soluble salt (m. p. 206°, 
[a] — 125-4°) yielding an acid, m. p. 93—105°, [«]j” + 12-1°. 
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The quinidine salt also crystallised well, but, like the quinine salt, 
only furnished a partly deracemised acid. The strychnine salt 
separated from alcohol in long needles. On drying in a vacuum at 
100°, or on boiling with alcohol, this salt partly dissociated and free 
strychnine was obtained as a first crop, [«]?”° — 140-9° in chloro- 
form (c = 1-884). The second crop also contained free strychnine, 
and no accurate constants could be obtained for the salt. From 
the second and other early fractions, however, an acid was recovered, 
m. p. 94°, [a]? + 22-99° in water (c = 5-64). When no more of 
the sparingly soluble strychnine salt could be induced to separate, 
the acid was recovered from the residues and converted into the 
brucine salt, which crystallised well from acetone; m. p. 144° 
(decomp.), [«]#° — 15-9° in chloroform (c = 1-929). The acid 
recovered from this melted at 94° and had [«]?i* — 23-46° in water 
(c = 12-866). This J-acid showed no depression of melting point 
when mixed with the l-acid, C,H,,0,, obtained directly (p. 78) 
and indirectly (p. 76) from phellandrene; admixture with the 
d-acid raised the melting point to 115—117°, and this was not 
depressed by further addition of the dl-acid. The anilic acid pre- 
pared from the anhydride of the d-acid obtained by distillation 
melted at 129°, and a mixture of this with the anilic acid of the 
l-acid from phellandrene at 142—144°. 

The remainder of the extracts B and C consisted of oily acids 
from which no well-defined product could be isolated, either by 
fractional precipitation with metallic salts or by fractional dis- 
tillation of the ethyl or methyl esters. 

Recovered Oil (D).—The colour of the unoxidised oil varied from 
pale yellow to dark brown. It was separated by distillation into 
four fractions: (1) b.p. 70°/25 mm. or 172—180°/760 mm. (60%); 
| (2) b. p. 70—110°/25 mm. (25%); (3) b. p. 115—120°/25 mm. 
(8%); and (4) a black, tarry residue, distilling with decomposition 
at 200°/15 mm. (7%). 

Fraction (1) had a strong odour of cineole, due, no doubt, to the 
presence of this substance in the phellandrene used, and cineole 
equivalent to 8% by weight of extract D was isolated from it by 
repeated agitation with a 50% solution of resorcinol. The residue 
of fraction (1), after removal of cineole and repeated distillation 
over metallic sodium, had b. p. 176—180°/760 mm., [«]p + 0°, and 
consisted principally of p-cymene, identified by oxidation to hydroxy- 
isopropylbenzoic acid, m. p. 157°, with a hot aqueous solution of 
potassium permanganate. The yield of p-cymene amounted to 
about 25% of the «-phellandrene used. An attempt to estimate 
the amount of p-cymene originally present was made by removing 
the phellandrene as nitrosite in the way described by Smith, Hurst, 
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and Read (J., 1923, 123, 1663). The petroleum solution from which 
the nitrosite was removed was again treated with nitrous acid, and 
the residual oil then shaken three times, for several hours at a time, 
with a 50% solution of resorcinol in water, and finally repeatedly 
distilled over sodium at 176—178°/760 mm. The amount of 
p-cymene remaining was 17% (Found: C, 89:5; H, 10-5. Cale.: 
C, 89-55; H, 10-45%). 

Fractions (2) and (3) were bright yellow to brown and on standing 
for some time with an alcoholic solution of semicarbazide acetate 
deposited either yellow crystals, or colourless crystals which rapidly 
became yellow on exposure to light. Both forms melted at tem- 
peratures varying from 224° to 237° and on recrystallisation from 
boiling acetic acid gave bright yellow fractions melting constantly 
at 237°; a second yellow crystalline substance, which melted 
constantly at 204°, accumulated in the acetic acid mother-liquors. 
A similar but less complete separation can be effected by boiling 
alcohol, in which the substance melting at 237° is much less soluble 
than in acetic acid, but treatment with boiling alcohol leaves 
undissolved a minute amount of a pale yellow substance, m. p. 257°. 

The substance melting at 204° appears to be the 4-hydroxy- 
3-methyl-5-isopropylbenzeneazoformamide of Heilbron and Hender- | 
son (loc. cit.) formed by the interaction of thymoquinone with one 
molecule of semicarbazide. It separates from acetic acid in bright 
red crystals, which rapidly effloresce and become yellow, losing two 
molecules of acetic acid on exposure at room temperature. Dried 
at 100° in a vacuum, it lost 35-5% (C,,H,,0O.Ns, 2C,H,O, requires 
loss, 35:2%) (Found: C, 59-6; H, 6-9; N, 19-0. (C,,H,,0,N, 
requires C, 59-7; H, 6-8; N, 19-0%). 

The yellow and the white substance melting at 237° appear to be 
two forms of thymoquinone disemicarbazone (Found: C, 51:7; 
H, 6-8; N, 29-9. C,.H,,0,N, requires C, 51-8; H, 6-5; N, 30-2%). 
This has never been prepared previously, but can readily be obtained 
by the action of excess of semicarbazide acetate on thymoquinone 
dissolved in cymene or any other solvent which will retard reaction 
between the two components, or by prolonged ebullition of thymo- 
quinone with excess of semicarbazide in alcohol. Under these 
conditions, the yellow form, m. p. 237°, alone is produced (Found : 
N, 29-99%). We have been unable to determine the conditions 
which will lead with certainty to the production of the labile white 
form, but once it is produced it can be preserved by washing it with 
cold acetic acid and storing it in the dark. On recrystallisation 
from boiling acetic acid, both this colourless form and the substance 
melting at 257° pass into the yellow modification, m. p. 237°. 

Fraction (4), on long standing and careful trituration with ether, 
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deposited a small amount of a colourless, crystalline substance, 
m. p. 142°, which proved to be thymoquinol, since it showed no 
depression of melting point when mixed with thymoquinol prepared 
by reduction of thymoquinone with titanous chloride (Found : 
C, 72-1; H, 8-7. Cale. for C,,H,,0,: C, 72-3; H, 8-4%). 

The remainder of fractions (2), (3), and (4) consisted of oily and 
tarry substances from which no well-defined products could be 
isolated. 


The authors are indebted to Mr. E. M. Gibbs for much assistance 
in the experimental work. 


WELLCOME CHEMICAL RESEARCH LABORATORIES. 
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XIT.—The Cyanine Dyes. Part X. The Constitution 
of the apoCyanines. 


By Wit11am Hosson Mitts and HENRY GEOFFREY ORDISH. 


THE action of alcoholic potash on a mixture of a quinoline alkyl- 
iodide and a quinaldine alkyliodide leads, as is well known, to the 
formation of an isocyanine. Very similar dyes, the apocyanines, 
are, however, formed by the action of alcoholic potash on a quinoline 
alkyliodide alone (D.R.-P., 154448). In this condensation, two 
molecules of quinoline alkyliodide condense with the loss of the 
elements of one molecule of hydrogen iodide, and two isomeric dyes, 
one yellow—the xanthoapocyanine—and the other red—the 
erythroapocyanine—result. On the probable assumption that the 
alkyl groups remain intact, the reaction may be represented as 
follows : 


2(C,H,NR)I — HI = (C,,H,,N,R.)I, 


where R represents the alkyl group. 

These compounds were investigated by Kaufmann and Striibin 
(Ber., 1911, 44, 690), who suggested formula (I) for the erythro- 
apocyanines. This, however, cannot be regarded as a satisfactory 
representation of these compounds, as it accords neither with their 
intense colour nor with their stability towards alkalis. We have 
therefore undertaken an investigation of these dyes and have 
selected the erythroapocyanine derived from quinoline ethiodide for 
this purpose, as it is formed in better yield and, on account of its 
greater solubility, is more easily handled than the isomeric 
xanthoapocyanine. 
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We first tried the method of oxidation with potassium perman. 
ganate which had proved successful in fixing the constitution of 
the isocyanines (Mills and Wishart, J., 1920, 117, 579). The chief 
product was a diquaternary ammonium compound, which was 
isolated as a dichromate, and the corresponding iodide proved to be 
identical with the iodide obtained by Kaufmann and Striibin by 
oxidising the apocyanine with iodine. This oxidation, which was 
effected smoothly either by potassium permanganate or by iodine, 
brought about the removal of one hydrogen atom per molecule and 
the addition of an equivalent of an acid radical : 


(C,gH,,N,Et,)I + I, = (C,sH,.NEt,)I, ++ HI. 


The nature of this product was easily inferred, for its composition 
and molecular weight, considered together with its ultimate origin 
from quinoline ethiodide, indicated that it was the diethiodide of a 
diquinolyl, C,,H,.N,. Further, by heating the corresponding 
diethochloride in a vacuum, two molecules of ethyl chloride were 
eliminated and the diquinolyl itself was isolated. Hthylerythro- 
apocyanine so clearly resembles the other classes of cyanine dyes that 
it seemed certain that its colour must be due to an analogous cause. 
It must consequently be associated with the presence of two NEt 
groups, in one of which the nitrogen is in the ammonium form, and 
in the other tervalent, connected by a chain of conjugated linkages. 
In order that the two nitrogen atoms may have this different 
function there must necessarily be an odd number of carbon atoms 
in the connecting chain. The molecules of the diquinolyl dieth- 
iodide and the erythroapocyanine, being so readily interconvertible 
by the simple elimination or introduction of a hydrogen atom with 
the addition or removal of an ionic charge, must have the same 
carbon skeleton. The diethiodide must therefore be derived from 
a diquinolyl in which the two nitrogen atoms are separated by 
an odd number of carbon atoms. This condition is satisfied by 
the diquinolyls (II) and (III), in which the 3-position of one 
nucleus is linked to the 2- and to the 4-position respectively of the 
other. 
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The probability that the apocyanines are derived from a 3-quinoly]l- 
quinoline is increased when it is remembered that the diquinolyl 
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most easily prepared (by heating quinoline with sodium; Weidel, 
Monatsh., 1881, 2, 491) has been shown to have the constitution 
(II) (Carlier and Einhorn, Ber., 1890, 23, 2895). From diethiodides 
of diquinolyls of this constitution, the dyes will be obtained by the 
addition of one atom of hydrogen and the removal of one atom of 
iodine per molecule. There is only one possible position for the 
added hydrogen, which will leave a conjugated chain of unsaturated 
linkages between the two nitrogen atoms; namely the 4-position. 
These conditions, therefore, lead to the view that the apocyanines 
are to be represented by the following formule : 


| 


If these conclusions are correct, the tautomeric formule (IV) and 
(V), having a conjugated chain of three carbon atoms, represent 
the xanthoapocyanine, and the formule (VI) and (VII), with the 
longer chain of five atoms (as in the isocyanines), represent the 
more deeply coloured red erythroapocyanine. 

Formule corresponding with (V) and (VII) were proposed by 
Konig five years ago (Ber., 1922, 55, 3293), but without proof. In 
the present paper, an experimental demonstration is given that the 
erythroapocyanine has a constitution shown by formula (VI) (or 
VII). This was effected by synthesising the diquinolyl (III), and 
showing that its diethiodide was identical with that obtained by 
oxidising the dye with iodine. 

This synthesis was carried out in the following manner. Ethyl 
4-quinolylpyruvate (lepidineoxalate) (VIII) (Wislicenus, Ber., 1909, 
42, 1141) was heated with o-aminobenzaldehyde, two molecules of 
water being eliminated and ethyl 3 : 4'-diquinolyl-2-carboxylate (IX) 
formed, a synthesis of the Friedlinder type having evidently 
occurred. The corresponding acid lost carbon dioxide on heating, 
giving the 3: 4'-diquinolyl (X), and the diethiodide of this was 
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found to be identical with that obtained from the dye by oxidation 
with iodine. 
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By means of a similar series of reactions starting with ethyl 
2-quinolylpyruvate and o-aminobenzaldehyde we have synthesised 
the 2 : 3’-diquinolyl, which is identical with that obtained by heating 
quinoline with sodium. A proof of the constitution of this di- 
quinolyl is thus afforded which confirms thet given by Carlier and 
Einhorn (loc. cit.). 

EXPERIMENTAL. 


Diethylerythroapocyanine Iodide.—For the preparation of this 
compound we followed closely the details given in D.R.-P. (loc. cit.). 
Pure quinoline ethiodide (14 g.) was dissolved in the smallest 
possible quantity of boiling methyl alcohol, and two equal volumes 
(each of 7 c.c.) of a 10° solution of potassium hydroxide in methyl 
alcohol were added, one at the beginning and the other after an 
interval of about 10 minutes. The mixture was boiled for about 
4 hours and, after dilution with methyl alcohol (50 c.c.), allowed to 
stand over-night. Crystals of both the erythro- and the xantho- 
apocyanine were deposited (yield, about 30%), and separation was 
effected by recrystallisation from ethyl alcohol, in which the xantho- 
apocyanine is the less soluble. A further small quantity of the 
mixed dyes could be obtained by evaporating the mother-liquor to 
two-thirds of the original bulk. The diethylerythroapocyanine 
iodide formed reddish-brown needles with a green reflex. The 
analogous xanthoapocyanine was obtained as an orange, crystalline 
powder in a yield of 5%. 

Oxidation of Erythroapocyanine Chloride.—An aqueous solution of 
erythroapocyanine chloride, prepared from the corresponding iodide 
(2 g.) by the action of silver chloride, was diluted with water (to 
100 c.c.) and cooled to 0°, and a 2% solution of potassium perman- 
ganate added drop by drop to the well-stirred solution. The clear 
filtrate was extracted twice with chloroform and evaporated to 
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dryness, and the residue extracted with absolute alcohol. The oil 
obtained on evaporation of the alcohol yielded a crystalline 
dichromate, m. p. 211°, having a composition the same as that of the 
dichromate obtained by Kaufmann and Striibin by the direct 
oxidation of the dye with sodium dichromate (Found: Cr, 19-1. 
Cale. for C,,.H,,.0,N,Cr,: Cr, 190%). The dichromate obtained 
as described by Kaufmann and Striibin (loc. cit.) gave Cr, 19-1%. 

3: 4'-Diquinolyl-2-carboxylic Acid.—Ethyl 4-quinolylpyruvate 
(4-6 g.) was mixed with o-aminobenzaldehyde (2-4 g.) and heated in 
, vacuum (12—15 mm.) at 150—160° until water vapour ceased to 
be evolved. The dark-coloured product, consisting of the crude 
ethyl diquinolylearboxylate, was dissolved in alcohol and hydro- 
lysed by warming with an excess of 10°, aqueous sodium hydroxide. 
The solution of the resulting sodium salt was extracted twice with 
ether to remove impurities, filtered, and made acid with acetic acid. 
3: 4'-Diquinolyl-2-carboxylic acid separated on standing as a brown, 
crystalline deposit which was purified by boiling in aleohol with 
animal charcoal. The pure acid was obtained as a colourless, cry- 
stalline powder from alcohol, or as prisms containing 14 molecules of 
water from 30% acetic acid (Found: H,O, 8-4. C,,H,,0,N,,1}H,O 
requires H,O, 8-3%). The anhydrous acid melts and decomposes 
at 204° (Found: C, 75-9; H, 3-9. C,,H,,0,N, requires C, 76-0; 
H, 4:0%). 

3: 4’-Diquinolyl_—By heating 3 : 4’-diquinolyl-2-carboxylic acid 
to 205° carbon dioxide was eliminated ; the impure diquinoly]l, after 
being washed with sodium carbonate solution, was obtained as a 
white, apparently amorphous powder by allowing its solution in 
light petroleum to evaporate slowly; m. p. 83—84° (Found: 
C, 84:3; H, 4:7; N, 10-0. C, .H,.N, requires C, 84-4; H, 4-7; 
N, 10-99%). A crystalline picrate was prepared, m. p. 243°. 

Preparation of 3: 4'-Diquinolyl from Erythroapocyanine Iodide.— 
The diethiodide, obtained by oxidising the dye with iodine as 
described by Kaufmann and Striibin (loc. cit.), was converted by 
silver chloride into the corresponding water-soluble diethochloride 
(deliquescent crystals, m. p. 121°). By heating this compound in a 
vacuum (1—2 mm.), ethyl chloride was removed and a dark red 
sublimate formed in the cooler parts of the tube. This was extracted 
with benzene and yielded a white powder, which, like the synthetic 
product, could not be induced to crystallise. It gave, however, the 
same crystalline picrate,m. p.244°, mixed m. p. 244°, and could also be 
converted into the original diethiodide, m. p. 198°, mixed m. p. 198°. 

3: 4’-Diquinolyl Diethiodide.—3 : 4'-Diquinolyl was boiled with an 
excess of ethyl iodide for 4 hours, and the resulting solid was 
recrystallised from dilute alcohol, giving the pure salt as orange- 
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yellow crystals, m. p. 198° (Found: I, 44-9. C,.H,.N,I, requires 
I, 44-7%). This compound was identical with that prepared 
directly from the dye by oxidation with iodine as described by 
Kaufmann and Striibin. There was exact correspondence in the 
appearance and behaviour of these two products in the melting. 
point tube; moreover the synthetical product did not dissolve in a 
saturated solution of the other. 

2’ : 3-Diquinolyl-2-carboxylic Acid.—Ethyl 2-quinolylpyruvate 
(Wislicenus, loc. cit.) (4-8 g.) and o-aminobenzaldehyde (2-4 g.) were 
dissolved in 50% alcohol (15 c.c.), 10% potassium hydroxide 
solution (30 c.c.) was added, and the mixture kept for 24 hours. An 
excess of alkali was then added and the whole steam-distilled to 
remove any unchanged o-aminobenzaldehyde and quinaldine. The 
residue, after filtration, was made almost neutral with hydrochloric 
acid, and an excess of acetic acid added. The diquinolylcarb- 
oxylic acid separated as a very sparingly soluble, brown powder; 
this was precipitated from boiling glacial acetic acid by water as 
a white powder, m. p. 175° (decomp.) (Found: C, 75-8; H, 4:2. 
C,,H,,0,N, requires C, 76-0; H, 4:0%). 

2’ : 3-Diquinolyl—When 2’: 3-diquinolylearboxylic acid was 
heated to 175°, carbon dioxide was given off. The residue crystal- 
lised from alcohol or benzene in small, colourless prisms, m. p. 175°. 


We desire to thank the Chemical Society for a grant to one of us 
(H. G. O.), which defrayed most of the cost of this research. 
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XITI.—Stereoisomerism of Disulphoxides and Related 
Substances. Part II. Derivatives of 1:4-Dithian. 


By Ernest Vere BELL and GEORGE MACDONALD BENNETT. 


A DETAILED study of the reactions of the two dithian dioxides 
recently described (J., 1927, 1798) has provided further evidence 
that they are stereoisomeric. The two substances behave in an 
almost identical manner with a series of reagents. Each yields a 
hydrochloride (compare Fromm, Annalen, 1913, 396, 75) and an 
unstable hydrobromide. Each is at once reduced by hydriodic acid 
and by phosphorus pentachloride, the latter reaction being highly 
exothermic. They yield crystalline mercurichlorides (compare the 
mercurichloride of a sulphoxide described by Zincke and Frohneberg, 
Ber., 1909, 42, 2729) and bromides sparingly soluble in water. 

No compound of a sulphoxide with bromine has been described 
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hitherto, yet there is no difficulty in formylating such a substance. 
The dibromide of a monosulphoxide might have either of the 


+ + oO 
structures R,S-O-Br and RS<p. of which the former is perhaps 
Nema + ? 
Br 
the more probable (compare the case of dimethiodide formation, 
Bennett and Hock, J., 1927, 2496). With either structure, the 


Br 


conversion of the Br ion into the Br, ion is to be expected in the 
presence of a large excess of bromine. A partial study of the 
system water—«-dithian dioxide—bromine shows the existence of a 
tetrabromide and a hexabromide. This is in agreement with the 
considerations advanced above. 

The structure of a monosulphone of dithian (isomeric with the 
two dioxides) has been attributed in recent years to two distinct 
substances: by Helfrich and Reid (J. Amer. Chem. Soc., 1920, 42, 
1215) to an amorphous product of the interaction of alkali sulphide 
and @8’-dichlorodiethylsulphone, and by Fromm and Ungar (Ber., 
1923, 56, 2286) to a substance of m. p. 200° obtained by reducing 
dithian trioxide (a sulphoxide sulphone). It seemed probable that 
the amorphous substance referred to was of high molecular weight 
and was related to dithian monosulphone in the same way as the 
“polymeric ”’ ethylene sulphides are related to dithian (J., 1927, 
1803). Confirmation of this view and of the structure of the true 
dithian sulphone has been obtained by repeating the experiment of 
Helfrich and Reid under conditions more favourable to ring closure. 
In this way, we obtained a crystalline monosulphone, m. p. 203°, 
identical with that of Fromm and Ungar. The amorphous substance 
of Helfrich and Reid is presumably a polyethylene polysulphide- 
sulphone of long open-chain structure. 

The similar reaction between potassium sulphide and £§’-di- 
chlorodiethyl sulphoxide yielded dithian monoxide, ring closure 
taking place to the extent of 14:3% (as compared with 9-3% in the 
case of the sulphone; compare Cashmore and McCombie, J., 1923, 
123, 2884). The isolation of this monoxide, which we have also 
prepared in quantity by cautious oxidation of dithian, completes 
the list of possible oxidation products of dithian, namely, a mono- 
sulphoxide, a monosulphone, two stereoisomeric disulphoxides, a 
sulphoxide-sulphone and the disulphone. 


+ - _ + ~ + = 

The groups >S—O, >S—R}X and >S—N°-SO,°C,H,, charac- 
teristic of sulphoxides, sulphonium salts and_ sulphilimines, 
respectively, are stereochemically analogous (Clarke, Kenyon, and 
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Phillips, J., 1927, 188). cis-trans-Isomerism is therefore to be 
expected in any compound in the molecule of which there are two 
of these groups, alike or different. In accordance with this view, 
we have now isolated pairs of isomeric dithian monoxide methyl- 


sulphonium picrates and chloroplatinates, os<erte>sMe}x, and 
‘thy 
two isomeric dithian monoxide sulphilimines, 
CH sx 
A re-examination of the bis-sulphilimine of dithian, 
C,H, S0,-N-S<GeHt>S.N-$0,-C,H, 
otha 


(Mann and Pope, J., 1922, 121, 1052), has, moreover, shown that 
the substance described is a mixture, which we have separated into 
two crystalline isomerides. 


EXPERIMENTAL. 

Derivatives of «- and 8-Dithian Dioxides—Hydrogen chloride, 
passed into a solution of «-dithian dioxide in glacial acetic acid, 
throws down a sparingly soluble, white monohydrochloride, which 
loses hydrogen chloride on keeping (Found: Cl, 18-2. C,H,O,CIS, 
requires Cl, 18-8%). A dihydrochloride was not detected when 
hydrogen chloride gas had been passed through the mixture for a 
further hour. §-Dithian dioxide reacts in the same way to yield a 
sparingly soluble hydrochloride. 

With a solution of hydrogen bromide in glacial acetic acid, each 
of the dioxides yields an immediate white precipitate of a hydro- 
bromide, which, however, becomes discoloured in a few minutes 
owing to reduction of the sulphoxide with liberation of bromine. 

Addition of mercuric chloride to aqueous solutions of the «- and 
6-dioxides gives in each case a white, crystalline precipitate : 
a-Dithian dioxide mercurichloride, silvery plates from warm water 
(Found: Hg, 56-8, 57-4, 56-8. C,H,0,Cl,8,Hg, requires Hg, 
57-6%); §-dithian dioxide mercurichloride, which is more soluble 
than the preceding (Found: Hg, 56-7%). 

Action of Bromine on the Dithian Dioxides—Addition of bromine 
to the aqueous solutions of the «- and §-dithiam dioxides yields in 
each case a crystalline bromide in orange or bright red crystals. 
These substances are very unstable in the air, the whole of the 
bromine being lost in a few minutes, the dioxide remaining behind. 
Determinations of the bromine content of specimens kept in an 
atmosphere saturated with bromine at laboratory temperature 
showed that even under these conditions the bromides are unstable. 
Parallel analyses were therefore made of the moist solid phase and of 
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the mother-liquor, the composition of the solid being obtained by 
extrapolation in the usual manner. After a number of trials, the 
following method of analysis was adopted: to the specimen was 
added an excess of ammonia, and the solution allowed to evaporate 
to a constant weight at laboratory temperature in a vacuum over 
sulphuric acid. The bromine was determined in this mixture by 
Volhard’s method. Subtraction of the corresponding weight of 
ammonium bromide from the total weight of residue gave the weight 
of dithian dioxide present. 

The possibility that the solid might contain bromine in the form 
of hydrogen bromide (leaving free hypobromous acid in the mother- 
liquor) was disproved by comparative determinations of the com- 
bined bromine in the liquid by Volhard’s method and of the volume 
of nitrogen evolved in a nitrometer on addition of ammonia. 

The analyses of five pairs of samples are shown below : 


Dry solid 


Moist solid. Solution. (extrapolated). 
(1) Br, 25-1; X, 15-5 Br, 3°8; X, 7:8 Br, 68-6% 
(2) Br, 25-1; X, 10-8 Br, 6-0; X, 1-6 Br, 68-4% 
(3) Br, 24:8; X, 11-1 Br, 3:8; X, 6-2 Br, 76-6% 
(4) Br, 30-9; X, 10-3 Br, 3-5; X, 3-6 Br, 78-1% 
(5) Br, 28-0; X, 9-7 Br, 6:0; X, 7:8 Br, 76:8% 


(X denotes a-dithian dioxide) 
XBr, requires Br, 67-8%. XBr, requires Br, 76-0%. 

Action of Potassium Sulphide on 88'-Dichlorodiethylsulphone.—A 
mixture of potassium sulphide (from 14 g. of the hydroxide in a 
little water) with the sulphone (27 g.) in alcohol (1000 c.c.) was kept 
at laboratory temperature for 12 hours. The solid which had 
separated, consisting of potassium chloride and an amorphous 
substance similar to that described by Helfrich and Reid (loc. cit.), 
was removed by filtration, the solvent evaporated, and the residue 
crystallised from ethyl alcohol. This was identified as dithian 
monosulphone (2-0 g.), m. p. 203° (Found: C, 31:5; H, 5-4; M, 
eryoscopic in camphor, 163. Cale.: C, 31-5; H, 53%; M, 152). 
This sulphone is dimorphous, separating from glacial acetic acid in 
colourless needles with a straight extinction which slowly redissolve 
with deposition of more compact crystals. These are orthorhombic 
with a:b:c = 0-854: 1:0-696. The following forms and mean 
angular values were observed with two crystals : 


m (110). b (010). q (011). 
i So dedeubessedenaen 0°0’ 49°31’ 49°31’ 
90°0’ 90°0’ 34°50’ 


The crystals were tabular with m large. 
This sulphone is oxidised by hydrogen peroxide to the dithian 
trioxide, m. p. 279°, of Fromm and Ungar. 
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Action of Potassium Sulphide on 88'-Dichlorodiethyl Sulphoxide.— 
A mixture of the sulphoxide (17-5 g.) and potassium sulphide (from 
11 g. of the hydroxide) in ethyl alcohol (1000 c.c.) was kept for 
12 hours at the ordinary temperature, and then evaporated. The 
residue was extracted with ethyl alcohol (30 c.c.) to separate the 
product from potassium chloride, and the extract, after evaporation, 
deposited crystals which, after draining on porous earthenware and 
recrystallisation from di-n-butyl ether, had m. p. 125° (yield, 
0-75 g.). They were identified as dithian monoxide, of which a more 
convenient method of preparation is described below. 

As the separation of this reaction product could hardly be made 
complete by the above method, the extent of ring closure was 
determined by weighing the product in the form of the more 
sparingly soluble dithian : the above experiment was repeated with 
5-8 g. of the sulphoxide, the product reduced with an excess of zinc 
dust and hydrochloric acid, and the dithian removed in steam (dry 
weight 0-55 g.: 14:3% yield). 

Oxidation of 1: 4-Dithian to a Monosulphoxide.—To dithian (40 g.), 
dissolved in glacial acetic acid (1000 c.c.), hydrogen peroxide 
(5-67 g. in 500 c.c. of glacial acetic acid) was added drop by drop 
during 6 hours with constant stirring. After being kept for 
12 hours, the mixture was distilled, the acetic acid carrying with it 
the unaltered dithian. The residue was evaporated several times 
with water to remove the remaining acetic acid. Extraction with 
ethyl alcohol (150 c.c.) left some dithian dioxide undissolved, and 
the monoxide crystallised from the solution (yield, 12-5 g.). It was 
recrystallised from di-n-butyl ether; m. p. 125° (Found: C, 35-25; 
H, 6-0. C,H,OS, requires C, 35-3; H, 59%). The substance is 
readily soluble in water and in all the common organic solvents. 
Crystals were obtained for goniometry by evaporation of the solution 
in water or in methyl formate. They belong to the monoclinic 
system, having a:b:c = 1-402:1:1-878 and 6 = 61°20’. The 
habit is a simple combination of m (110) and ¢ (001), with R (101) 
occasionally appearing as a small triangular face truncating a 
corner of the crystal. The following mean angular values were 
obtained from two selected crystals : 


m (110). m’ (110). ce (001). R(i01). 
Backes 0° *101°46’ 51°5’ 230°55’ 
ered ALE 90°0’ 90°0’ *28°40’ *44°26’ 


The substance yielded a compound with platinic chloride, a pale 
yellow powder (Found: Pt, 31-8. C,H,,0,C1,S,Pt requires Pt, 
32-0%), and a compound with auric chloride, a deep orange powder 
(Found: Au, 45-0. C,H,OCI,S8,Au requires Au, 44-9%). 
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Isomeric Sulphonium Salts from Dithian Monoxide.—A mixture of 
dithian monoxide (10 g.), methyl iodide (35 g.), and ethyl alcohol 
(10 g.) was boiled under reflux for 8 hours and kept over-night and 
the sulphonium salts were then removed by filtration (17-7 g.). By 
crystallisation from 75% ethyl alcohol—water «-dithian monoxide 
methylsulphonium iodide was readily obtained pure (Found: I, 
45-45. C;H,,OS,I requires I, 45-7%). This substance is readily 
soluble in water and sparingly soluble in ethyl alcohol and other 
solvents. It separates from aqueous alcohol in feathery needles 
radiating from a point, or, when crystallised more slowly, in stout, 
monoclinic prisms. It decomposes on heating without melting. 
Sodium picrate in aqueous solution converts it into the corresponding 
picrate, m. p. 187° (Found: N, 11-2. C,,H,,;0,N,S, requires 
N, 11-:1%), which crystallises from warm water in bright yellow, 
monoclinic prisms or prismatic needles with an extinction angle 
of 36°. 

The sulphonium iodide was also converted into a chloroplatinate 
(Found : Pt, 27-7. Cy 9H.0,C1,8,Pt requires Pt, 27-5%), crystallising 
in orange plates from water, in which it is sparingly soluble at the 
ordinary temperature. 

The mother-liquors from the purification of the «-sulphonium 
iodide were concentrated and gave evidence of the presence of 
another iodide yielding a picrate of lower melting point (125—135°), 
but the second methiodide was not obtained pure, as it was very 
soluble and tended to dissociate during evaporation. A quantity 
(6 g.) of the crude methiodide was therefore dissolved in a little 
water, the equivalent of sodium picrate added, and the precipitate 
fractionally crystallised from hot water. In this way, the «-sul- 
phonium picrate was quickly obtained pure (4-2 g.) and from the 
mother-liquor the isomeric §-dithian monoxide methylsulphonium 
picrate (1-0 g.), m. p. 187° (Found: N, 11-2%), was isolated. It is 
about three times as soluble in water as the «-isomeride, and 
crystallises in yellow, monoclinic plates or prisms with an extinction 
angle of 44°. A mixture of the «- and 8-picrates melted at 125— 
170°. The picric acid was removed in ether from the acidified 
solution, and addition of platinic chloride and ethyl alcohol yielded 
the chloroplatinate as a pale buff precipitate soluble in water (Found : 


| Pt, 28-0%). 


Isolation of the Isomeric Sulphilimines of Dithian Monoxide.— 
Dithian monoxide (5 g.) and chloramine-T (18 g.) were dissolved 
together in the minimum quantity of cold water. The mixture, 
after standing for a few hours, was filtered and the precipitate 
fractionally crystallised from water. Two substances were found 
to be present in approximately equal proportions: «-Dithian 
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monoxide S-p-toluenesulphonylimine, m. p. 230—234° (decomp.), 
which crystallises from water in colourless, flat needles with a 
straight extinction (Found: N, 4-5. C,,H,;0,NS, requires 
N, 4:6%). 8-Dithian monoxide §-p-toluenesulphonylimine, m. p. 
176—177° (decomp.), which is about five times as soluble as the 
a-compound in hot water, and crystallises best from 80% ethyl 
alcohol-water (Found: N, 4:7%). The crystals from water are 
plates having an angle of 87° and an oblique extinction. A mixture 
of the two isomerides melted at 167—205°. 

Both «- and 8-isomerides yield dithian when boiled with zinc dust 
and dilute acid. 

Isomeric Disulphilimines of Dithian.—A mixture of dithian (5 g.) 
in ethyl alcohol (100 c.c.) and chloramine-T (36 g.) in water (100 c.c.) 
was boiled under reflux for 3 hours and cooled, and the solid products 
were removed by filtration. Impurities such as sodium chloride and 
toluenesulphonamide were removed by two extractions with boiling 
water (50 c.c.). The residue (4:3 g.) had the properties described by 
Mann and Pope (Joc. cit.), but it was separated into two isomerides 
by repeated extraction with boiling cyclohexanol. The «-dithianbis- 
p-toluenesulphonylimine was thus left behind as a white powder in- 
soluble in cyclohexanol, but readily soluble in m-cresol. It decomposes 
at 250—255° (Found : N, 6-1. C,,H,.0,N,S, requires N, 6-1%). This 
substance separates from m-cresol—cyclohexanol in minute, elongated 
plates with straight extinction which are frequently twinned, 
showing a clearly defined re-entrant angle at each end. 

The hot cyclohexanol extracts of the original mixture deposited, 
on cooling, $-dithianbis-p-toluenesulphonylimine in tufts of leaf- 
shaped plates radiating from a point, which decompose at 200—210° 
(Found: N, 6-1%). A mixture of these two isomerides decomposed 
at 200—235°. 

We are indebted to the Chemical Society for assistance in the 
purchase of materials. 
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XIV.—Some Analogous Organic Compounds of 
Phosphorus and Arsenic. 


By CHARLES STANLEY GIBSON and JoHN DoBNEY ANDREW 
JOHNSON. 


PHENYLMETHYLPHOSPHINIC acid reacts normally with thionyl 
chloride and phenylmethylphosphinyl chloride is easily isolated. The 
behaviour of this compound is that of a typical acid chloride. It 
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yields an anilide and reacts- with benzoic acid, giving benzoyl 
chloride; its reaction with the carboxyl group probably explains 
the non-production of the o-carboxyphenylethylamide of phenyl- 
methylphosphinic acid when it is allowed to react with o-ethyl- 
aminobenzoic acid. The acid chloride reacts very readily with 
water and attempts to prepare the amide and anhydride have been 
unsuccessful. The methyl and ethyl esters are readily obtained from 
the acid chloride and the corresponding alcohol. They are both 
colourless liquids, very readily hydrolysed, and the boiling point 
of each is below that of the acid chloride. 

The parachor (Sugden, J., 1924, 125, 1177; 1925, 127, 1868 and 
succeeding papers) of the ethyl ester has been determined by Dr. 
Sugden, who finds [ P] = 420-5, compared 


with [P] = 417-3 calculated for the Ph 

presence of a semipolar double bond, TY 

whereas, calculated for the presence of cite aprug iT ! 
a non-polar double bond, [P] = 442-1. Me 43 és ys O- 
The constitution of the ethyl ester of T 
phenylmethylphosphinic acid may be {Tt 
conveniently represented by the annexed OEt 

formula. 


It will be seen that the outer octet of the phosphorus atom is com- 
plete without the oxygen atom, whose octet can only be completed 
by sharing the two lone electrons with the phosphorus atom, leaving 
the latter positively and the oxygen atom negatively charged. It 
is clear that the methyl and ethyl esters should be capable of existing 
in levo- and dextro-optically active forms, whether their constitutions 
are regarded from the point of view of the electronic hypothesis or 
because their molecules are asymmetric. In this connexion, Dr. 
Sugden writes, “I might mention that, in my view, this compound 
(the ethyl ester), unlike Phillips’ sulphinic ester (J., 1925, 127, 2552), 
would be asymmetric even if the double bond were non-polar. That, 
however, is forbidden by the octet rule and the data for this com- 
pound give further evidence for the truth of the octet theory.’’ * 
The fact that these esters are readily hydrolysed explains the reason 
why the preparation of the amide by the action of ammonia on the 
esters and of the esters by the action of the alkyl iodides on the silver 
salt of the acid have so far been unsuccessful. From this work, it 
is clear that a compound containing the ‘PO,H grouping reacts very 
similarly to one containing the -CO,H grouping. 

Phenylmethylarsinic acid was first prepared by Bertheim (Ber., 

* Tt is hoped to carry out experiments on the resolution of one or both of 


the above esters, the supply of which unfortunately is very limited (compare 
Pope and Gibson, J., 1912, 101, 735, 740). 
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1915, 48, 350). We have prepared it more conveniently from 
phenylmethylchloroarsine (Burrows and Turner, J., 1920, 417, 
1377; 1921, 119, 429) by oxidation with chloramine-T (Burton 
and Gibson, J., 1924, 125, 2276). It is known that this acid, unlike 
the corresponding phosphorus acid, is distinctly amphoteric in 
character. Bertheim (loc. cit.) showed that it can be titrated with 
alkali, with litmus as indicator, and he described the barium, lead 
and mercury salts as well as the crystalline hydrochloride and 
nitrate. Diphenylarsinic acid also is amphoteric and forms, for 
example, barium and copper salts (La Coste and Michaelis, Ber., 

1878, 11, 1886; Annalen, 1880, 201, 231) and also two hydro. 
chlorides and two hydrobromides (Grignard and Rivat, Compt, 
rend., 1919, 469, 126); a nitrate also is referred to in the literature 
(‘‘ Organic Arsenical Compounds,” Raiziss and Gavron, 1923, 
p. 366). 

Attempts to prepare the ethyl ester of phenylmethylarsinic acid 
by the action of ethyl iodide on the silver salt have been unsuccessful. 
Likewise, attempts to isolate the acid chloride from the action of 
thionyl chloride on the acid have been unavailing and consequently 
it has been impossible to prepare the esters of this acid by the method 
used for the preparation of the analogous phosphorus compounds. 

The products of the reaction of thionyl chloride on phenyl- 
methylarsinic acid were phenyldichloroarsine and probably methyl 
chloride, and it is highly probable from the work which is described 
below that the following series of reactions takes place : 


Ph Ale 
Mar As<o o> Me ASO ——> ie, Wer As< <c? — 
PhAsCl, +- MeCl, 


The same products were obtained when phenylmethylchloroarsine 
was substituted for the phenylmethylarsinic acid. Since, however, 
the methyl chloride was difficult to isolate, the reaction of thionyl 
chloride with diphenylchloroarsine and with diphenylarsinic acid 
was studied. In the case of diphenylchloroarsine, when the reaction 
was carried to completion, the products identified were phenyldi- 
chloroarsine, chlorobenzene and sulphur chloride. When, however, 
the decomposition was not carried to completion, strong evidence of 
the presence of diphenylarsinyl chloride was obtained, which later 
decomposed under the conditions of the experiment. 

It is now shown that when thionyl] chloride reacts with dipheny]- 
chloroarsine a definite colourless crystalline compound is formed. 
This has the composition (C,H,),AsCl,SOCI,, and a similar com- 
pound is formed when thionyl chloride reacts with diphenylarsinic 
acid. When the compound (C,H;),AsCl,SOCI, is heated under the 
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conditions described later, it decomposes, yielding the volatile 
products mentioned above, and when the decomposition is carried 
as far as possible, the residue which remains is, in all probability, 
phenylarsenious oxide. The results of carrying out as nearly as 
possible quantitative experiments indicate that the reaction of 
thionyl chloride with diphenylchloroarsine may be represented by 
the following equations : 


( Ph,AsCl -+ SOCl, —> Ph,AsCI,SOCI.,. 
3Ph,AsCl,SOCl, ——> 2PhAsCl, -+ PhAsO + 3PhCl + SO, + 


Ph, AsCl,SOCI,—> SCI, + Eh>As<o —-»> PhCl + PhAsO. 


According to equation (2), 29-15 g. of diphenylchloroarsine should 
yield 9-8 g. of phenylarsenious oxide and 12-4 g. of chlorobenzene. 
The amounts obtained were 11-35 and 10-63 g., respectively. If 
decomposition is going on at the same time according to equation 
(3), the amount of chlorobenzene produced relative to the amount of 
diphenylchloroarsine will not vary, but the amount of phenyl- 
arsenious oxide will increase considerably. If the decomposition 
proceeded wholly according to equation (3), 29-15 g. of dipheny]- 
chloroarsine would yield 18-5 g. of phenylarsenious oxide. The 
results obtained, therefore, indicate that the decomposition pro- 
ceeds largely according to equation (2) and that some diphenyl- 
arsinyl chloride is formed which subsequently decomposes as 
indicated by equation (3). 

The work furnished a case of thionyl chloride acting as an 
oxidising agent and indicates why it is impossible, under the 
experimental conditions described, to obtain the acid chlorides of 
phenylmethylarsinic acid and diphenylarsinic acid, the possibility 
of the preparation of the corresponding esters through these 
compounds being thereby precluded. 


EXPERIMENTAL. 


Through the kind co-operation of Sir William Pope, the phos- 
phenyl chloride used for this investigation was the remainder of the 
preparation made for the original investigations (J., 1912, 101, 735, 
740). This compound was converted into phenylmethylphosphinic 
acid in the manner already described (loc. cit., p. 741). 

Phenylmethylphosphinyl chloride, PPhMeOCl, was obtained in 
94°, yield by heating phenylmethylphosphinic acid (15 g.) with 
thiony] chloride (25 c.c.) under reflux for 30 minutes on the water- 
bath. The excess of thionyl chloride was removed under reduced 
pressure and the residue was then distilled under the same 
conditions. The product was obtained as a colourless liquid, 
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b. p. 155°/11 mm., 167°/22 mm. For analysis, the chloride was 
decomposed with excess of sodium hydroxide solution, and the 
chlorine estimated in the usual way (Found: Cl, 20-1, 20-9, 
C,H,OCIP requires Cl, 20-3°%). 

Phenylmethylphosphiny! chloride fumes in air and has an odour 
reminiscent of thiocarbonyl chloride. It reacts vigorously with 
water and the above acid, m. p. 134°, is readily obtained. Although 
a dry ethereal solution of the acid chloride reacts vigorously with 
dry ammonia, attempts to isolate phenylmethylphosphinamide were 
unsuccessful. 

Phenylmethylphosphinanilide was obtained by carefully adding 
aniline (2-5 g.) to a solution of the acid chloride (2-5 g.) in dry ether 
(35 c.c.), allowing the mixture to stand for 15 minutes and then 
adding water. The pasty solid became granular on grinding with 
the water. It crystallised from ethyl acetate-ligroin (b. p. 60—80°) 
in colourless needles, m. p. 142° (Found: N, 6-1. C,3;H,,ONP 
requires N, 6-1%). 

The acid chloride (3-0 g.) reacted vigorously with the sodium 
salt of the acid (3-5 g., dried at 130°) and the characteristic odour 
of the former substance rapidly disappeared. Nothing distilled on 
heating to 210°/20 mm. ‘The product was extracted with benzene, 
and the solvent removed under diminished pressure; the gummy 
residue then crystallised and was shown to be phenylmethyl- 
phosphinic acid. The anhydride, if formed under the conditions 
of this experiment, must be very easily hydrolysed to the acid. 

When benzoic acid (3 g.) was heated with phenylmethylphosphiny| 
chloride (3 g.) for 10 minutes on the water-bath, and the product 
distilled, a liquid (2-0 g.) distilling at 200° was obtained. This was 
proved to be benzoyl chloride by conversion into benzamide (m. p. 
124°) and benzanilide (m. p. 161°). Attempts to prepare the 
o-carboxyphenylethylamide of phenylmethylphosphinic acid were 
unsuccessful. When equimolecular quantities of the acid chloride 
and o-ethylaminobenzoic acid reacted under the usual conditions, 
a small quantity of a substance, m. p. 186°, was obtained which 
contained nitrogen and phosphorus. In another experiment, 4 
substance, m. p. 168°, was isolated, but after standing in air for 
some time it melted at 134° (m. p. of the acid). 

Ethyl phenylmethylphosphinate, PPhMeO-OEt, was prepared by 
warming the acid chloride (3-9 g.) together with absolute ethy! 
alcohol (20 c.c.) for a short time on the water-bath, removing the 
excess of alcohol under diminished pressure, and distilling the residue 
under similar conditions. The ester is a colourless, highly refractive 
liquid, b. p. 143°/11 mm. (Found : C, 58-3; H, 7-0; M, by saponitic- 
ation, 179-7. C,H ,0,P requires C, 58-7; H, 7-1%; M, 184). 
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We are very greatly indebted to Dr. 8. Sugden for carrying out the 
following measurements leading to the determination of the 
parachor, [P]: D?" 1-107, DY" 1-093, D? 1-068, whence 


Di. = 1-125—0-000888. 


Parachor. 


App. t. Lh , . y: 
“0: 420-3 


4d 18° 5164 40-92 
4d 42 4772 37°86 420-0 
4d 62 4514 35-84 421-2 
Mean [P] obsd. 420-5 

(r, = 0-139 cm., A = 0-007767) 


[P| cale.: 417-3 (for semipolar double bond), 442-1 (for non-polar 
double bond). 

The ester is readily hydrolysed; on boiling it for a few minutes 
with 20°, aqueous sodium hydroxide and cooling and acidifying the 
solution, phenylmethylphosphinic acid was obtained. The methyl 
ester, prepared in a similar manner to the ethy] ester, is a colourless, 
highly refractive liquid, b. p. 137°/11 mm. (Found : C, 56-6; H, 6-7. 
C,H,,0,P requires C, 56-5; H, 6.5%). Both esters have an odour 
like that of the mustard oils and when heated with ammonia in 
alcoholic solution do not appear to yield the amide. 

Phenylmethylarsinic acid was originally prepared from pheny]l- 
dichloroarsine through the arsine oxide (Bertheim, loc. cit.). The 
following method, which avoids the use of silver salts, does not take 
so long and gives a better yield. Phenylmethyliodoarsine, pre- 
pared from phenyldichloroarsine (Burrows and Turner, loc. cit.), 
was converted through the arsine oxide into phenylmethylchloro- 
arsine (yield 80%, based on the phenyldichloroarsine). The 
phenylmethylchloroarsine (8-55 g.) in acetone (170 c.c.) was boiled 
under reflux with a solution of chloramine-T (23-4 g.) in water 
230 c.c.) for 1 hour (see Burton and Gibson, loc. cit.). The acetone 
was distilled off, the precipitated p-toluenesulphonamide removed 
from the cooled aqueous solution, the filtrate evaporated to dryness, 
the residue extracted twice with hot alcohol, and the extracts 
evaporated to dryness. The residue was extracted twice with warm 
acetone to remove traces of p-toluenesulphonamide, leaving pheny]l- 
methylarsinic acid, m. p. 176—177° (yield, 96-5%). The acid may 
be prepared from phenylmethyliodoarsine by oxidation with 
chloramine-T or hydrogen peroxide, but the iodine liberated renders 
its separation somewhat difficult. 

In an attempt to prepare ethyl phenylmethylarsinate by means of 
ethyl iodide (4-0 g.) and the silver salt (7-8 g.), suspended in dry 
ether, the product decomposed at about 90° when distilled under 
reduced pressure. 


Action of Thionyl Chloride on Phenylmethylarsinic Acid.—When 
E 
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the acid (8-6 g.) and thionyl chloride (24 c.c.) were heated together 
on the water-bath a vigorous reaction took place, a gas (? methyl 
chloride) being evolved. After 30 minutes’ heating, the excess of 
thionyl! chloride was removed and the residue distilled under reduced 
pressure. The distillate, a colourless, highly refractive liquid, 
b. p. 127°/12 mm., was proved to be phenyldichloroarsine by 
analysis (Found: Cl, 32-6. Cale.: Cl, 325%) and by reduction to 
arsenobenzene (m. p. 201°). 

Action of Thionyl Chloride on Phenylmethylchloroarsine.—The 
chloroarsine (8 g.) was treated with thionyl chloride (12 c.c.) as in 
the previous experiment, heat being evolved on mixing, although 
no evolution of gas was noticed until the mixture was heated on the 
water-bath. After 30 minutes’ heating, the thionyl chloride was 
removed as before. At a higher temperature the product began to 
decompose. The first fraction of the distillate had the characteristic 
odour of sulphur chloride and gave a precipitate. of sulphur on 
addition of water. More marked decomposition set in at a slightly 
higher temperature and a liquid (7:8 g.) distilled at 128°/16 mm. 
This was proved to be phenyldichloroarsine by its giving arseno- 
benzene on reduction. The residue in the flask (0-5 g.) was not 
identified. 

Action of Thionyl Chloride on Diphenylchloroarsine.—The follow- 
ing are descriptions of typical experiments. 

(a) When diphenylchloroarsine (m. p. 37:5°; 10-55 g.) and thionyl 
chloride were heated on the water-bath, no reaction appeared to 
take place until after about 10 minutes’ heating. Precipitation 
of a distinctly crystalline, colourless substance then began and was 
complete in about 30 minutes. The thionyl chloride was removed 
as before, leaving the crystalline solid dry and uncontaminated with 
tarry matter. Under diminished pressure, this melted at 188— 
192° (bath) and began to decompose at 195° ; the distillate, b. p. 120— 
125°, had the characteristic odour of chlorobenzene (but a more 
pungent odour also was noticed) and gave 2: 4: 6-trinitrochloro- 
benzene on nitration. In another experiment, carried out under 
similar conditions, sulphur chloride, 8,Cl,, was identified in the 
distillate. 

(6) Diphenylchloroarsine (11-44 g.) and thionyl chloride (16 c.c.) 
were treated as in (a), and the excess of thionyl chloride removed 
by heating the product at 75°/30 mm. for a short time. The distil. 
late had no odour of sulphur chloride and no precipitate of sulphur 
was obtained when it was mixed with water. The solid residue in 
the flask had a characteristic odour different from that of thiony! 
chloride and weighed 16-02 g. [Calc. for (CgH;),AsCl,SOCI,, 16-59 g.}. 
It was decomposed by heating to 200—215°/25—30 mm., decom- 
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position not being allowed to proceed too far, and, after cooling, 
the product was extracted with warm aqueous ammonia; an oil 
remaining undissolved was removed in ether. From the aqueous 
solution, on acidification, diphenylarsinic acid was obtained, 
m. p. 171° after repeated crystallisation from dilute alcohol (Found : 
As, 28-5. Calc.: As, 28-6%). 

(c) The preceding experiment was repeated with diphenylchloro- 
arsine (29-15 g.) and thionyl chloride (42 c.c.), but after removal of 
the excess of the latter substance, the residue was heated at 200— 
215°/30 mm. until no more distillate was obtained. The final 
residue (11-35 g.) was shown not to contain diphenylarsinic acid. 
From the distillate, after extraction with dilute sodium hydroxide 
solution, 10-63 g. of chlorobenzene were obtained; this may have 
contained some small quantity of more highly chlorinated benzene 
derivatives. On acidification with hydrochloric acid, the sodium 
hydroxide solution gave phenyldichloroarsine, which yielded 
arsenobenzene on reduction. 

Action of Thionyl Chloride on Diphenylarsinic Acid.—From 
diphenylarsinic acid (15 g.) and thionyl chloride (25 c.c.), by the 
treatment described in (a) above, a solid was obtained which melted 
at 188—192° and decomposed at about 195°/25 mm., the distillate 
passing over at 120—135°.* Sulphur chloride, chlorobenzene and 
phenyldichloroarsine were recognised in the distillate as before. 


Guy’s Hosrrrat MepicaL ScHOOL 
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XV.—The Resolution of Externally Compensated 
p-Nitrobenzoylalanine. + 


By Witi1aM Morris CoLies and CHARLES STANLEY GIBSON. 


THE resolution of those externally compensated N-acyl derivatives 
of alanine which have so far been studied in this series of investig- 
ations (Pope and Gibson, J., 1912, 101, 939; Gibson and Simonsen, 
J., 1915, 107, 798; Colles and Gibson, J., 1924, 125, 2505) has, in 


* In this and similar experiments, the boiling points of the distillates are 
to be regarded, not as the physical constants of the pure substances, but as 
the temperatures at which the various decomposition products—often super- 
heated—passed over. 

+ Waser and Brauchli (Helv. Chim. Acta, 1924, 7, 740) have described a 
convenient and sensitive test for amino-acids (except glycine and cystine): in 
sodium carbonate solution they give an intense dark red colour with p-nitro- 
benzoyl chloride. We have found this test more sensitive when the sodium 
carbonate is replaced by pyridine (compare Ingersoll and Adams, J. Amer. 
Chem. Soc., 1922, 44, 2930). 
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each case, proved fairly straightforward; but the resolution of 
dl-p-nitrobenzoylalanine has been attended with complications 
hardly to be anticipated with simple substances of this type. 

dl-p-Nitrobenzoylalanine has a marked tendency to form partial 
racemates or series of mixed crystals of the diastereoisomeric salts 
with various alkaloids. With brucine and cinchonidine it forms 
partial racemates unaffected by recrystallisation. When strych- 
nine (0-5 mol.) was used to resolve the dl-acid under the conditions 
used for the resolution of dl-benzoylalanine (J., 1912, 101, 939) a 
mixture of the dA/B salt (colourless, soft needles) and markedly 
phototropic (turning deep yellow on exposure to light), long, hard 
needles or prisms of what approximates to the partial racemate 
crystallised. The dA/B salt is less soluble than the JA/B salt in 
water, but the above mixture had to be recrystallised four times 
in order to obtain the pure dAIB salt; the yield was only 39% and 
the acid obtained from the original mother-liquor contained only 
60% of the levo-isomeride. Although the dAIB salt was obtained 
pure by this method (the acid obtained from it being compared with 
that prepared from pure d-alanine), it was impossible to obtain the 
pure /A/B salt from aqueous solution owing to the separation of 
mixed crystals. 

The /A/B salt is more soluble than the dAIB salt both in water 
and in alcohol at the ordinary temperature, but it is less soluble in 
alcohol at higher temperatures; the ratio of their solubilities is 
1: 1-36 at 50°. This difference in solubility led to the isolation of 
the pure diastereoisomeric salts, equivalent proportions of dl-acid 
and strychnine being used. The crude JAIB salt which separated 
at 50° was recrystallised from absolute alcohol at 50° until pure. 
The crude dAIB salt obtained from the original mother-liquor 
needed only one crystallisation from absolute alcohol at the ordinary 
temperature for complete purification. This resolution of dl-p- 
nitrobenzoylalanine recalls the result obtained by Ladenburg and 
Fischl (Ber., 1907, 40, 2279), who found that whereas the brucine 


hydrogen racemate separated from aqueous solution below 50°, the 


brucine hydrogen /-tartrate separated above this temperature. 

The foregoing resolution of dl-p-nitrobenzoylalanine was extremely 
laborious. Frequently the salt separating consisted chiefly of the 
phototropic crystals referred to above (the pure diastereoisomeric 
salts are not phototropic). When once the pure, or nearly pure, 
IAIB salt had been obtained and the homogeneous solution at 50° 
was seeded with this, a salt reasonably rich in the /A/B constituent 
was deposited unless the seeding was delayed. The difficulties of 
the resolution are due not only to the small differences in solubility 
of the diastereoisomeric salts in alcohol and in water, but also to the 


on of 
ations 


partial 
: salts 
forms 
trych- 
litions 
139) a 
kedly 
_ hard 
emate 
alt in 
times 
4, and 
| only 
ained 
| with 
n the 
on of 


water 
ble in 
jes is 
ion of 
l-acid 
rated 
pure. 
iquor 
inary 
dl-p- 
y and 
ucine 
°, the 


mely 
f the 
meric 
pure, 
t 50° 
tuent 
ies of 
bility 
o the 


EXTERNALLY COMPENSATED p-NITROBENZOYLALANINE. 101 


marked tendency to the formation of a series of mixed crystals which 
are unaffected by crystallisation at the ordinary temperature and 
do not markedly differ in solubility from the pure diastereoisomerides. 

Externally .compensated p-nitrobenzoylalanine is a racemic 
substance. From the melting points of mixtures of the optically 
active acids it is evident that the melting-point curve is of the 
type depicted in Roozeboom’s Fig. 7 (Z. physikal. Chem., 1899, 
28, 508). 

The rotatory powers of the optically active p-nitrobenzoylalanines 
in ethyl-alcoholic solution are much lower than those of the corre- 
sponding ammonium salts in aqueous solution, but they are of the 
same sign. (The rotatory powers of the optically active «-naphtha- 
lenesulphonylalanines in ethyl-alcoholic solution are of the opposite 
sign to those of the corresponding salts in aqueous solution : Colles 
and Gibson, loc. cit.) The ethyl ester of d-p-nitrobenzoylalanine has 
a very much lower rotatory power, but of the same sign, in ethy]- 
alcoholic solution than the corresponding acid in the same solvent. 
When this ester is hydrolysed with sodium hydroxide at the ordinary 
temperature, the rotatory power of the solution rises rapidly to a 
constant value. For comparison, the ethyl ester of d-«-naphthalene- 
sulphonylalanine was prepared : its rotatory power in ethyl-alcoholic 
solution, like that of the acid in the same solvent, is of the opposite 
sign to that of the salts of the corresponding acid in water. When 
the ester is hydrolysed with sodium hydroxide at the ordinary 
temperature the rotatory power changes slowly, finally reaching a 
constant value of the opposite sign. 


EXPERIMENTAL. 
dl-p-Nitrobenzoylalanine, CHMe(NH-CO-C,H,°NO,)-CO,H.— 
dl-Alanine (1 mol.; 25 g.) dissolved in N-potassium hydroxide 
(1 mol.; 281 c.c.) is cooled to 7°, and benzene (25 c.c.) added. 
p-Nitrobenzoyl chloride (rather less than 1 mol.; 50 g.), dissolved 
in benzene (150 c.c.), and N-potassium hydroxide (1 mol.) cooled 


{to 7° are gradually added during 75 minutes with rapid stirring. 


The temperature should not rise above 10°, neither should the 
potassium hydroxide be added too rapidly, otherwise a pink color- 
ation, changing to claret-red, develops (Waser and Brauchli, loc. 
cit.). The mixture is stirred for a further 15 minutes, the benzene 
layer separated, and the aqueous solution acidified with concen- 
trated hydrochloric acid (150 c.c.). The crude product, a micro- 
crystalline mass (yield, 58—60 g.; 88—90% of the theoretical), 
m. p. 191—193°, is freed from a small quantity of p-nitrobenzoic 
acid by a short extraction with ether and recrystallised from boiling 
water (20 g. per litre), the pure substance being thus obtained 
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(yield, 75—79%) in very pale yellow needles, m. p. 194°. The 
solubility of the acid per 100 g. of solvent is 0-27 in water at 26° 
and 19 in alcohol at 78°. It is very sparingly soluble in ether, 
chloroform, and benzene and moderately easily soluble in acetone. 
The acid is readily hydrolysed by N-alkalis at the water-bath 
temperature, deep red solutions being obtained [Found: C, 50-8, 
50°8; H, 44,41; N, 11-8; M, by titration with 0-1N-Ba(OH),, 


238. C, 9H ,)0;N. requires C, 50-4; H, 4:2; N, 118%; M, 238]. J 


The silver salt is a white, granular substance, sparingly soluble in 
water (Found: Ag, 31-5. C,)H,O;N,Ag requires Ag, 31-3%). 

The acid is a racemic compound, since its melting point is depressed 
by admixture with either of the optically active isomerides, and 
conversely. 

Resolution of dl-p-Nitrobenzoylalanine.—In a preliminary experi- 
ment with strychnine and N-sodium hydroxide (0-5 mol. of each) 
and the dl-acid (1 mol.), an acid, m. p. 167°, [a] + 13-52° * in alco- 
holic solution, was obtained from the salt that separated on cooling 
and had been once recrystallised from water. This salt, therefore, 
was the dA/B salt. 

When brucine was used instead of strychnine, a readily soluble 
salt separated from the deep orange solution after considerable 
concentration at the ordinary temperature. The salt was recrystal- 
lised from hot water, and the acid liberated from a portion in the 
usual way. The acid had m. p. 194° and was optically inactive. The 
brucine salt of dl-p-nitrobenzoylalanine crystallises in thin, yellow 
plates which are readily soluble in water and in alcohol and appear 
to contain 4H,O (Found: N, 8-3; H,0, 10-8. C,,;H,,0,N,,4H,0 
requires N, 7:95; H,O, 10-2%). 

By means of cinchonidine an almost insoluble salt (10-8 g. instead 
of 11-2 g.) was obtained which proved also to be the partial racemate. 
The cinchonidine salt of dl-p-nitrobenzoylalanine was recrystallised 
from water and obtained in colourless, fine needles containing 3H,0 
(Found: N, 9-5; H,O, 7-6. C,9Hs20,N,,3H,O requires N, 9-6; 
H,O, 7:3%). The acids obtained from the recrystallised salt and 
from the mother-liquor were optically inactive. 

The salt obtained under similar conditions by means of cinchonine 
was also a partial racemate, and that obtained from quinine was an 
inseparable mixture of the two diastereoisomerides. 

In the large-scale resolution, the dl-acid (100 g.; 1 mol.) and 
N-sodium hydroxide (210 c.c.; 0:5 mol.) were boiled with water 
(500 c.c.), strychnine (70-2 g.; 0-5 mol.) being added gradually, 
until complete solution was effected. The crystalline strychnine 

* All rotatory powers were determined at 20° for the mercury-green (5461) 
line, 
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salt (123 g.) was filtered off after standing in the ice-chest for 16 
hours. The mother-liquor (A) was worked up later. 

The salt obtained was a mixture, a part of which was photo- 
tropic, turning deep yellow on exposure to daylight. The salt was 
recrystallised from 700 c.c. of boiling water and 111-4 g. crystallised. 
This in alcoholic solution had [«] — 11-19° (c = 1-4092). The 
rotatory power gradually diminished on recrystallisation and became 
constant after four recrystallisations under similar conditions. This 
# constant value was confirmed after a fifth crystallisation; the 
rotatory power of the salt which crystallised was then identical with 
that of the salt obtained from the mother-liquor. Further crystal- 
lisation from absolute alcohol caused no alteration in the rotatory 
power. 47-7 G. of the pure strychnine salt of the d-acid were 
obtained. 

The strychnine salt of d-p-nitrobenzoylalanine, 

CHMe(NH-CO-C,H,:NO,)-CO,H,C,, H,,0,N,,13H,0, 
crystallises from hot water (solubility at 20°, 0-4; at 100°, 4) in 
colourless needles which are not phototropic (Found: H,0O, 4-1. 
Required for 14} H,O: H,O, 4:5%. Found in anhydrous material : 
N, 9-9. C,,H5,0,N, requires N, 9-8%). Its rotatory power in 
ethyl alcohol was [«] — 1-90° (¢ = 1:5018, 1 = 4, « = — 0-114°). 
Other values obtained under similar conditions were [«] — 2-00° 
and — 1-83°. That the salt was pure was proved by the rotatory 
power of the acid obtained from it (see below). A solution of the 
anhydrous salt in absolute alcohol slowly deposits large, colourless 
prisms and the solubility of the salt in alcohol diminishes from 3-7 
to 0-54 at the ordinary temperature. The prisms, kept in a vacuum 
desiccator or exposed to air, rapidly effloresce. 

The acid liberated from the mother-liquor (A) in the usual way 
was recrystallised from 2400 c.c. of water. It then weighed 44-1 g. 
and had m. p. 189—190° (softening at 168°). In aqueous solution 
as the ammonium salt, it had [«] — 10-35° (c = 2-028, = 4). It 
contained only 60% of the l-acid. 

The mother-liquors from the first four crystallisations of the 
above strychnine salt were concentrated in two portions, and the 
strychnine salts separating on cooling collected. After repeated 
recrystallisation from boiling water, decolorisation with charcoal, 
and recrystallisation from absolute alcohol, 9-2 and 13-3 g., respect- 
ively, of samples of strychnine salt of identical and definitely constant 
rotatory power were obtained; [«] — 40-16°, — 40-71°, — 40-42° 
(c = 0-9130, 0-9828, 10222; 1 = 4 in ethyl alcohol). Although at 
the time it was believed that this was pure strychnine /-acid salt, 
subsequent work showed that it still contained dA/B salt. 

In view of the difficulties indicated above, an approximate deter- 
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mination of the solubilities of the two diastereoisomeric salts in 
absolute alcohol was made. The /AIB salt was the less soluble in 
warm alcohol. At 50°, the solubilities in alcohol were: 2-68 for 
the /AIB and 3-64 for the dA/B salt. This difference in solubility, 
although small, indicated a method for the isolation of the pure 
salts. 

The following conditions are typical of a series of experiments : 
To a solution of the dl-acid (10 g.; 1 mol.) in boiling alcohol (200 c.c.), 
strychnine (14-04 g.; 1 mol.) was added gradually. When the 
alkaloid had dissolved, the solution was placed in a thermostat at 50° 
and seeded with the purest strychnine l-acid salt available. A 


nodular deposit of radiating tufts of needles formed rapidly and the §* 


deposition was complete in 5 hours. The mother-liquor (B) was 
poured off and the deposit was washed with warm absolute alcohol 
and dried as rapidly as possible by suction (yield, 10—12g.). The 
rotatory power in ethyl alcohol was [a] — 36-2° (c = 0-7916, J = 4). 
The mother-liquor (B) was treated as described later. 

The purification of the above crude strychnine /-acid salt was 
very difficult. Successive fractional crystallisations from absolute 
alcohol at 50° was the only effective method; recrystallisation from 
water or from alcohol at the ordinary temperature was useless. 
The method was naturally wasteful of material. The acid liberated 
from a salt which had reached a rotatory power of [«] — 45-0° had 
[«] — 47-8° (as ammonium salt in water; c = 1-5040, / = 4) and 
contained 96-5% of the /-acid. A specimen of a salt which had a 
rotatory power of [«] — 46-6° gave an acid having [«] — 48-35° under 
similar conditions and containing 97-0% of l-acid. Finally, 42-5 g. 
of strychnine l-acid salt having [«] — 40-0°, after four fractional 
crystallisations at 50° from absolute alcohol, gave 9-0 g. of pure 
strychnine /-acid salt having a rotatory power identical with that of 
the salt remaining in the mother-liquor. 

The strychnine salt of 1-p-nitrobenzoylalanine, 
CHMe(NH-CO-C,H,:NO,)-CO,H,C,,H.0.N.,C,H;°OH, 
erystallises from absolute alcohol in colourless needles which are not 
phototropic (Found: C,H;-OH, 7:15. C3,H,0,N,,C,H;-OH re- 
quires C,H,-OH, 7-3%. Found in ‘ anhydrous” substance: 
N, 9-95. C,,H3,0,N, requires N, 9-8%). The “ anhydrous” 
material in ethyl alcohol at 20° gave « — 1-433° (c = 0-7340, 1 = 4); 

whence [«] — 48-8°. 

The resolution described above was frequently complicated by 
the separation, along with the nodular deposit, of large prisms 
(partial racemate) which were strongly phototropic. This invariably 
occurred when the solution was not.seeded at once. When it did 
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occur, the salt was redissolved and the experiment repeated. This 
explanation was proved correct by the following experiments : 
(a) 10 G. of the dl-acid were treated exactly as described above and 
the solution in the thermostat at 50° was seeded with the above- 
mentioned phototropic partial racemate. The crystalline deposit 
consisted of needles and prisms (no nodules), formed during 5 hours. 
The markedly phototropic crystals were separated as previously 
described. The rotatory power in ethyl alcohol (c = 0-8570, 1 = 4) 
was [x] — 26-6°. (b) 10 G. of the dl-acid were treated with the 
equivalent quantity of strychnine in double the quantity of alcohol 
and the solution was allowed to cool to the ordinary temperature. 
After 8 hours, 76% of the salt had crystallised and consisted of small, 
well-formed, phototropic, efflorescing prisms and needles. The 
rotatory power in ethyl alcohol (c = 1-2438, 1 = 4) was [«] — 24-06°. 
The deposit obtained from the mother-liquor on standing had 
[x] — 21-8° under the same conditions. 
‘f From the mother-liquor (B), allowed to cool to the ordinary 
temperature, a crystalline mixture of phototropic needles and 
non-phototropic, efflorescing prisms was deposited (8—10 g.). 
The rotatory power of an average specimen of this mixture was 
[x4] — 15° (in alcohol). This salt therefore contained the greater 
proportion of the dA/B salt. Under the conditions of the first 
resolution, this would have required five successive recrystallisations 
from water for complete purification. The solubilities of the dAlB 
and the /A/B salt in alcohol at 20° being 0-69 and 0-91, respectively, 
this difference was used to obtain pure dA/B salt from the mixture. 

The mixture was dissolved in sufficient boiling absolute alcohol to 
;fmake a 1-5% solution, and this was seeded with pure dA/B salt and 
kept for at least 24 hours. The crystalline deposit (45—50% yield) 
had an average rotatory power of [«] — 3° (in alcohol). One 
recrystallisation of this from boiling water was sufficient for com- 
plete purification. The mother-liquor was concentrated, and the 
crystalline salt which separated (30—35%) had an average rotatory 
power of [a] — 40° (in alcohol) and therefore contained an excess 
of the /AIB salt. 

Optically Active p-Nitrobenzoylalanines.—d-p-N itrobenzoylalanine 
was isolated from the pure strychnine d-acid salt by grinding it with 
a slight excess of dilute aqueous ammonia, filtering off the strych- 
nine, and acidifying the filtrate, after thorough extraction with 
chloroform, with an excess of hydrochloric acid. The acid was 
recrystallised from boiling water (10 g. in 110 c.c.) and obtained 
inlong, very pale yellow needles, m. p. 168-5—169° (Found : C, 50-8; 
H,4:2; N, 11-8. C, H,)0;N, requires C, 50-4; H, 4-2; N, 118%). 

Ez 
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The rotatory power was (as ammonium salt) [«] + 51-40° in wate 
(c = 1-7940, 1 = 4, « = + 3-688°) and [«] + 15-76° in ethyl alcohol 
(c = 1-9882, 1 = 4, « = + 1-254°). 

The optical purity of this compound was proved by comparison 
with that of the p-nitrobenzoyl derivative of pure d-alanine (kindly 
supplied by Sir William Pope, F.R.S.) prepared by the method 
already described. This preparation (as ammonium salt) had 
[a] + 51-32° in water (c = 1-5964, 1 = 4, = + 3-277°). The m. p. 
was 168-7—169° and was not affected by admixture with the above 
compound. 

d-p-Nitrobenzoylalanine has a solubility in water at 15° of 0-26 
and is easily soluble in alcohol. A mixture with a small quantity 
of pure dl-acid had m. p. 162—167°, and with a larger quantity 
191-5°. A specimen having [«] + 15:15° (as ammonium salt in 
water) and therefore containing 64-7% of the pure d-acid softened at 
165° and melted at 188-5—189-5°. Another specimen having 
[~] + 45-82° (as ammonium salt in water) and containing 94-6°, 
of the pure d-acid had m. p. 167°. 

1-p-Nitrobenzoylalanine was obtained in the same manner from the 
pure strychnine /-acid salt. It crystallised from water in long, pale 
yellow needles, m. p. 167-5—168° (Found: WM, by titration, 
238-1. C, 9H,)0;N. requires M, 238). As ammonium salt, it had 
[«] — 51-66° in water (c = 16462, 1=4, a = — 3-402°) and 
[«] — 15-81° in ethyl alcohol (c = 0-9960, 7 = 4, « = — 0-628"). 
A specimen of acid having [«] — 47-8° (as ammonium salt in water 
and containing 96-5% of l-acid had m. p. 165-5—166-5°. Another 
specimen having [«] — 48-35° (as ammonium salt in water) and 
containing 97-03% of l-acid had m. p. 166—167°. A third specimen 
having [«] — 44-99° (as ammonium salt in water) and containing 
93°7% of l-acid had m. p. 162-5—163-5° (? eutectic point). 

Owing to the difficulty of obtaining the pure strychnine /-acid 


salt, attempts were made to purify the optically impure acid byf 


various methods. On recrystallisation from water, the J-acid 
content only changed from 79-5% to 78-7%. Although the soluv- 
bility of the optically active acid in alcohol is markedly greater than 
that of the racemic compound, recrystallisation from alcohol was 
not completely successful. 10-75 G. of a specimen of the acid con- 
taining 78-7°% of the l-acid, dissolved in 50 c.c. of boiling alcohol, 
yielded after 48 hours 6 g. of prismatic needles which contained 
69-7°% of l-acid. The residue recovered from the mother-liquor, 
after recrystallisation from water, weighed 2-75 g. and contained 
93-7°% of l-acid ( ? eutectic). 

The method of purifying optically impure J-«-naphthalenesulph- 
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onylalanine (Colles and Gibson, Joc. cit.) was tried, cinchonidine 
being used (see above). 10 G. of acid containing 60% of l-acid 
were dissolved in water, and sufficient cinchonidine to combine 
with the racemic acid present and sufficient standard sodium 
hydroxide to combine with the excess of /-acid were added. The 
whole was brought into solution on boiling and the crystalline salt 
separated on cooling. The acid recovered from the filtrate was 
optically inactive, showing that the cinchonidine /-acid salt has the 
same solubility as the partial racemate (see above). A similar 
experiment was attempted, sufficient strychnine being used to 
combine with the d-acid salt, which is the less soluble in water. The 
acid recovered from the mother-liquor contained 77% of J-acid, 
whereas the acid used contained 60% 
The ethyl ester of dl-p-nitrobenzoylalanine, 
CHMe(NH-CO-C,H,:NO,)-CO,Et, 

is easily prepared by the alcohol—-hydrogen chloride method in 75% 
yield, and crystallises from benzene-ligroin i in waxy needles, m. p. 
117-5—118°. It is readily soluble in alcohol and chloroform and 
sparingly soluble in ether (Found: N, 10-6. C,.H,,0;N, requires 
N, 10-5%). The amide is not obtained by passing dry ammonia 
into a benzene-ether solution of the ester. 

The ethyl ester of d-p-nitrobenzoylalanine is prepared from d-p- 
nitrobenzoylalanine by the same method in 77% yield. By recrystal- 
lising from the same mixture of solvents it is obtained in colourless 
needles, m. p. 121—121-5°, which retain benzene very obstinately. 
Its solubility is rather greater than that of the externally com- 
pensated ester (Found: N, 10-5%). Its rotatory power in ethyl 
alcohol was very small; c= 1-416, /= 4, «= 0-075°, whence 
[a] + 1-32°. 

1-1328 G. of the ester were dissolved in 90% ethyl alcohol, rather 
more than the calculated quantity of N/2-sodium hydroxide was 


Ye added, and the whole made up to 100 c.c. The retatory power was 


observed immediately after mixing in a 4-dem. tube and showed 
that hydrolysis had commenced; « = + 1-45° (the corresponding 
value for the unchanged ester in alcoholic solution would have been 
+ 0-06°) and after 10 minutes, « = -+- 2-07°. After 2} hours a 
constant value of « = -++ 2-43° was observed. The d-acid recovered 
from the solution and after recrystallisation had m. p. 168-5°, alone 
or mixed with pure d-p-nitrobenzoylalanine. 

An attempt was made to purify an optically impure specimen of 
d-p-nitrobenzoylalanine (containing 64-7% of the pure d-acid) by 
converting it into its ethyl ester. The optically active ester, being 
the more soluble, remained in the mother-liquor together with any 
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impurities on recrystallisation. The low rotatory power rendered 
criteria of purity almost impossible.* 


Most of the expense of this investigation has been met out of a 
grant from the Government Grant Committee of the Royal Society 
for which the authors wish to express their grateful thanks. The 
authors also wish to express their indebtedness to Dr. J. D. A, 
Johnson for valuable assistance in some of the experimental work. 
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XVI.—The Stereochemistry of Reduced Quinoxalines. 
Part III. The Resolution of Externally Com- 
pensated a- and B-2:3:7-Trimethyl-1:2:3:4- 
tetrahydroquinoxalines. 


By CHARLES STANLEY GIBSON, JOHN HENRY NUTLAND, and 
JOHN LIONEL SIMONSEN. 


2:3: 7-TRIMETHYLQUINOXALINE (von Pechmann, Ber., 1888, 21, 
1414) is easily reduced by sodium and ethyl alcohol to a mixture of 


the two stereoisomeric derivatives, CoH Me which are 


conveniently separated by the method described in the present 
paper. The «-, or lower-melting, compound constitutes about 30% 


of the mixture. 
Both these compounds are externally compensated bases and the 


* For comparison with the above results the ethyl esters of dl- and 
d-a-naphthalenesulphonylalanine (Colles and Gibson, loc. cit.) were studied. 

dl-a-Naphthalenesulphonylalanine was converted in the usual manner into 
its ethyl ester, which was obtained in 75% yield. Recrystallised from ethyl 
alcohol, it was obtained in hard rhombs, m. p. 104° (Found: C, 58-6; H, 
5-4. C,,;H,,0,NS requires C, 58-6; H, 5-5%). The amide was not obtained 
by the method described above. 

d-a-Naphthalenesulphonylalanine was similarly converted into its ethyl 
ester, which crystallised from benzene-ligroin in colourless needles, m. p. 
83-5—84° (Found: N, 4:6%). In ethyl alcohol it had [a] — 47-15° (¢ = 
1-9842, 1] = 4,a = — 3-74°). 

1-1186 G. of the ester were dissolved in 50 c.c. of ethyl alcohol, mixed with 
rather more than the calculated quantity of N/2-sodium hydroxide, and made 
up to 100 c.c. The rotatory power, a = — 0-87°, observed immediately after 
mixing showed that hydrolysis had barely commenced. After 22} hours, the 
rotatory power was a = — 0-11° and after 67 hours a constant rotatory power 
of a = + 0:21° was observed. The acid recovered from the solution was 
recrystallised and had m. p. 140-5—141-5°, alone or mixed with pure d-a- 
naphthalenesulphonylalanine. 
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x-base is readily resolved into its optically active components by 
means of d- and /-tartaric acids under similar conditions to those 
adopted for the resolution of externally compensated 2 : 3-dimethy]l- 
]:2:3:4-tetrahydroquinoxaline (Gibson, J., 1927, 342). The 
melting points of the pure optically active «-bases being 61-5—62-5° 
and mixtures of the optically active bases having melting points 
below 60°, whereas the melting point of the externally compensated 
base is 71°, it follows that the last is a racemic compound. The 
d- and l-«-bases have distinctly higher rotatory powers than those 
of the optically active 2 : 3-dimethyl-1 : 2:3 : 4-tetrahydroquin- 
oxalines (Gibson, loc. cit.). 

The following is a summary of the constants of racemic «-2 : 3: 7- 
trimethyl-1 : 2 : 3 : 4-tetrahydroquinoxaline, of its optically active 
components and of those derivatives which are: described in the 
present paper : 

M. p. [MyM 
rac-a-2:3:7-Trimethyl-1 : 2: 3: 4-tetrahydroquin- 
oxaline 
dl-a-1 : 4-Diacetyl-2 : 3: 7-trimethyl-1 : 2:3: 
tetrahydroquinoxaline 
d-a-2: 3: 7-Trimethyl-1 : 2:3: 4-tetrahydroquin- 
DUE cece pohca i nck pnetessatensp sav eosausegacrregast 61-5 
l-a-2: 3: 7-Primethyl-1 : 2: 3: 4-tetrahydroquin- 
oxaline 61-5—62-5 — 206-9 
d-a-l : 4-Di-m-nitrobenzoyl-2 : 3 : 
1:2:3:4-tetrahydroquinoxaline — — 466-4 
l-a-1 : 4-Diacetyl-2 : 3: 7-trimethyl-1 : 2: 3 : 4-tetra- 
hydroquinoxaline 164-5—165-5 + 427-2 


—§2-5 | 206-9° 


The externally compensated §-2 : 3 : 7-trimethyl-1 : 2:3 : 4-tetra- 
hydroquinoxaline forms the greater part of the reduction product of 
2:3: 7-trimethylquinoxaline, and being the less soluble, is the 
more easily isolated. No crystalline salt of this base was obtained 
with d-camphor-10-sulphonic acid, d-«-bromocamphor-z-sulphonic 
acid or d-tartaric acid. When the base was condensed with d-oxy- 
methylenecamphor (Pope and Read, J., 1913, 103, 1516; Gibson 
and Simonsen, J., 1915, 107, 1157) a crystalline mixture was 
obtained. From this, the less soluble d-8-2 : 3 : 7-trimethyl-1 : 2:3: 4- 
tetrahydroquinoxalino-1-d-methylenecamphor (the 1 : 4-di-d-methyl- 
enecamphor derivative was not obtained) was obtained pure by 
repeated crystallisation from ethyl alcohol. It is probable that 
the diastereoisomeride, /-8-2 : 3 : 7-trimethyl-1 : 2 : 3 : 4-tetrahydro- 
quinoxalino-1-d-methylenecamphor, was not obtained optically pure. 
Pure 1-8-2:3:7-trimethyl-1 : 2:3: 4-tetrahydroquinozalino-1 -1- 
methylenecamphor was, however, prepared both from the externally 
compensated base and from the base obtained by hydrolysis of the 
more soluble fractions from the first resolution (see below). 

These compounds are highly crystalline and have very high 
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rotatory powers, [«];i, = -- 1309°. Being derivatives of secondary 
bases, the difficulty with which they are hydrolysed probably 
accounts for the fact that they show no mutarotation even in the 
presence of acetic acid during 24 hours at the ordinary temperature, 
Pope and Read (J., 1912, 101, 2387) have shown that there are 
two methods for effecting the hydrolysis of oxymethylenecamphor 
derivatives of primary and of secondary amines: (1) by titrating 
an alcoholic solution of the condensation product with bromine, 
and (2) in the case of the condensation product of secondary amines 
when the nitrogen is in a closed ring, by hydrolysis with hydro- 
chloric acid (Pope and Read, J., 1913, 103, 1580). Titration of an 
alcoholic solution of the condensation product with bromine was 
found to be unsatisfactory, since the reaction did not proceed 
normally, and consequently the hydrolysis of the two stereoisomeric 
condensation products with hydrochloric acid was carefully inves- 
tigated. 

The hydrolysis is conveniently effected by passing steam into a 
suspension of the condensation product in concentrated hydrochloric 
acid until oxymethylenecamphor ceases to distil. Under the most 
favourable conditions, 7.e., carrying out the steam distillation in 
the minimum time—usually 15 minutes—and superheating being 
avoided, the hydrolysis is attended with the formation of some 
small quantity of resinous and other by-products, but the base is 
easily separated in the usual way. 

After purification, the base obtained from either condensation 
product showed but feeble optical activity and the experimental 
work indicates that very considerable racemisation of the base had 
occurred during the hydrolysis. For example, a part of the expected 
d-8-base, having a small optical activity, was converted into its 
diacetyl derivative and this was found to be a mixture. On 
recrystallisation from water, the aqueous filtrate had a marked 
dextrorotatory power. Another portion was converted into its 
oxalate in acetone solution; the base recovered from the less 
soluble oxalate had a small dextrorotatory power, whereas that 
obtained from the more soluble portion of the oxalate had a larger 
dextrorotatory power. Similarly, the expected /-6-base had only a 
small levorotatory power. The corresponding diacetyl derivative 
yielded on crystallisation a specimen which was optically inactive 
and the mother-liquor from this showed a considerable lzevorotation. 
The oxalate of the same specimen of base which separated from 
acetone solution gave optically inactive base, and the base recovered 


from the oxalate remaining in solution was definitely levorotatory. 


The hydrolysis of oxymethylenecamphor derivatives of this type 
by means of concentrated hydrochloric acid has not been extensively 


stu 
tha 
rac 
are 
by: 
at 1 
azil 
it i: 
The 
diac 
mis 

A 
pos: 
race 
mix 
poi 


d 
The 
pur 
sati 

T 
(Gil 
mac 
oxa 
mel 
cow 
up. 
as f 
app 
solu 
crys 
pur 
mel 
flat 


rRY 


dary 
ably 
1 the 
ture, 
> are 
phor 
ating 
nine, 
nines 
7dro- 
of an 

was 
ceed 
neric 
ives- 


ito a 
loric 
most 
n in 
eing 
some 
se is 


ution 
antal 
had 
ected 
o its 
On 
rked 
> its 
less 
that 
irger 
ily a 
utive 
otive 
tion. 
from 


ered 


tory. FF 


type 
ively 


OF REDUCED QUINOXALINES. PART III. lll 


studied and it appears that this is the first time it has been shown 
that the hydrolysis of such compounds may be attended with 
racemisation, even when the asymmetric centres in the compounds 
are not affected chemically during the reaction. If the hydrolysis 
by means of concentrated hydrochloric acid could be brought about 
at the ordinary temperature, as in the case of the dimethylpiper- 
azino-d-methylenecamphors (Pope and Read, J., 1912, 101, 2337), 
it is possible that racemisation of the base might not take place. 
The present work provides evidence that the hydrolysis of the 
diacetyl derivatives of the active bases is also attended with race- 
misation of the base. 

Although the pure d- and 1-8-bases have not been obtained, it is 
possible to conclude that the externally compensated §8-base is a 
racemic compound. The inactive base has m. p. 97—98° and 
mixtures of the active bases have been obtained with melting 
points lower and higher than this value. 


EXPERIMENTAL. 


dl-x- and 8-2: 3: 7-Trimethyl-1 : 2 : 3 : 4-tetrahydroquinoxalines.— 
The 2:3: 7-trimethylquinoxaline (von Pechmann, loc. cit.) was 
purified by steam distillation and isolated from the distillate, 
saturated with ammonium sulphate, by extraction with benzene. 

The reduction was carried out exactly as described in Part II 
(Gibson, loc. cit.). In the earlier experiments an attempt was 
made to separate the two tetrahydro-bases formed by means of 
oxalic acid and it was thus found possible to separate the higher- 
melting @-base in a state of purity, but the lower-melting «-base 
could not be obtained pure when the mother-liquors were worked 
up. The most convenient method for obtaining the two bases was 
as follows: The solid mixture (20 g.) was extracted in a Soxhlet 
apparatus with ligroin (b. p. 40—60°; 200 c.c.), and the cooled 
solution kept for some hours; a slightly yellowish base (9 g.) then 
crystallised. This consisted of the nearly pure 8-base. It was 
purified by crystallisation from ligroin (b. p. 60—80°) until its 
melting point was unaltered and was thus obtained in colourless, 
flat plates, m. p. 97—98° (Found: C, 75:3; H, 8-9. C,,H,,N, 
requires C, 75-0; H, 9-1%). The oxalate crystallised from acetone, 
in which it was only sparingly soluble, in colourless nodules, m. p. 
138—140°, decomp. 152—154?°. 

dl-8-1 : 4-Diacetyl-2 : 3 : 7-trimethyl-1 : 2 : 3 : 4-tetrahydroquinoxal- 
ine was prepared by heating the base with an excess of acetic 
anhydride for 1 hour on the water-bath. It crystallises from 
ligroin or water in colourless, glistening prisms, m. p. 131° (Found : 
C, 69:1; H, 7-5. C,;H)0,N,. requires C, 69-2; H, 7-7%). 
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The ligroin filtrate from which the @-base had been removed 
was evaporated to dryness, the residue dissolved in alcohol (40 c.c.), 
and concentrated hydrochloric acid (20 c.c.) added. After some 
hours, the greater part of the $-base remaining in the mixture 
crystallised as the sparingly soluble hydrochloride. The filtrate 
was evaporated to dryness, the residue suspended in water, and 
ammonia added in slight excess. The liberated base was distilled 
in steam and isolated from the distillate by extraction with benzene. 
This dl-«-base crystallised from ligroin (b. p. 40—60°) in almost 
colourless prisms, m. p. 71°. The yield of the «-base was approxim. 
ately 30% of the total reduction product (Found: C, 75-0; H, 
8-7. C,,H,,N, requires C, 75-0; H, 9:1%). 

d]-«-1 : 4-Diacetyl-2 : 3 : 7-trimethyl-1 : 2 : 3 : 4-tetrahydroquinocal. 
ine, prepared from the base and acetic anhydride, crystallised from 
water in colourless prisms, m. p. 147° (Found: C, 69-1; H, 7:7. 
C,;H.,)0.N, requires C, 69-2; H, 7:7%). ; 

Resolution of dl-x-2 : 3: 7-T'rimethyl-1 : 2 : 3 : 4-tetrahydroquinocal. 
ine.—To a boiling solution of d-tartaric acid (24 g.) in water (180 
c.c.) the dl-«-base (24-6 g.) was added gradually, the liquid was 
boiled until a clear solution was obtained and was then cooled, 
and after 3 hours the crystals were separated and washed with a 
little water. The salt thus obtained (24-2 g.) was the crude 
d-tartrate of the d-«-base. The filtrate and washings were used 
for the separation of the /-«-base. 

The above crude tartrate was decomposed with a slight excess of 
ammonia, the base was isolated and again converted into the 
d-tartrate under the same conditions as above, and the salt was 
separated and again treated in the same way; pure d-«-2 : 3 : 7-tri- 
methyl-1 : 2: 3: 4-tetrahydroquinoxaline d-tartrate was then obtained. 
It crystallised from water in colourless needles containing 2H,0 
(Found: N, 7:9; H,O, 9-9. C,;H,.0,N,,2H,O requires N, 7:7; 
H,0, 9-9%). 

From the original mother-liquor and the washings from the first 
separation of the crude d-a-base d-tartrate, the base (12 g.) was 
liberated and dissolved in boiling water containing /-tartaric acid 
(11 g.). The salt (20 g.) which crystallised on cooling was recon- 
verted into the free base (8-8 g.) and this was again combined with 
l-tartaric acid (8-1 g.) under the same conditions; the pure salt 
then crystallised from the solution on cooling. 

l-a-2: 3: 7-Trimethyl-1 : 2:3: 4-tetrahydroquinoxaline _1-tartrate 
crystallised from water in colourless needles containing 2H,0 
(Found: N, 7-9. C,;H,.0,N,,2H,O requires N, 7-7%). 

The d-«-base d-tartrate had « + 1-96° (¢ = 0-9592), whence 
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[«] = + 51-1°,* and the /-«-base /-tartrate had «— 1-77° (¢ = 
0-8576), whence [«] = — 51-6°. 

The pure d- and |-«-2: 3: 7-trimethyl-1 : 2 : 3 : 4-tetrahydroquin- 
ovalines were each obtained from the corresponding tartrate by 
treatment in aqueous suspension with a slight excess of ammonia; 
the base was extracted with benzene and after removal of the 
solvent the residue was extracted in a Soxhlet apparatus with 
ligroin (b. p. 40—60°). The bases crystallised in very faintly 
yellow prisms, m. p. 61-5—62-5° in each case [Found : (for d-base) 
N, 15-9; (for /-base) N, 15-7. C,,H,,N, requires N, 15-99%]. Some 
mixtures of the two bases had melting points lower than 60°. The 
d-a-base had « + 4-29° (c = 0-9120), whence [«] = + 117-5°, and 
the l-«-base had « — 4-29° (¢c = 0-9124), whence [«] = — 117-5°. 

d-a-1 : 4-Di-m-nitrobenzoyl-2 : 3 : 7-trimethyl-1 : 2 : 3 : 4-tetrahydro- 
quinoxaline was prepared by heating the d-«-base with rather more 
than the theoretical quantity of m-nitrobenzoyl chloride in pyridine 
solution on the water-bath. The product was crystallised three 
times from ethyl alcohol and obtained as a microcrystalline, pale 
yellow powder. It gradually decomposed on heating without melt- 
ing (Found: N, 12-1. C,;H,.O,N, requires N, 118%). It gave 
a — 0-91° (c = 0-2312), whence [«] = — 98-4°. 

l-«-1 : 4-Diacetyl-2 : 3 : 7-trimethyl-1 : 2 : 3 : 4-tetrahydroquinoval - 
ine, prepared from the /-«-base in the usual way, crystallised from 
water in colourless, flat prisms which contained water of crystal- 
lisation. It was obtained anhydrous by drying in a desiccator 
over sulphuric acid and then melted at 164-5—165-5° (Found: N, 
11:3. C,H. 0,N. requires N, 10-8%). It had « = + 5-69° (¢ = 
0-8656), whence [«] = + 164-3°. 

Resolution of dl-8-2 : 3 : 7-T'rimethyl-1 : 2 : 3 : 4-tetrahydroquinoxal- 
ine.—Attention has already been directed to the difficulties encoun- 
tered in effecting the resolution of this base. The salts with the 
optically active acids already mentioned were uncrystallisable gums. 
The dl-8-base (83 g.) was dissolved in acetic acid (50%, 400 c.c.) 
and d-oxymethylenecamphor (85 g.) in alcohol (400 c.c.) was added. 
The mixture was heated on the water-bath for 15 minutes and on 
cooling a crystalline solid (133 g.) separated. The condensation 
product remaining in solution was precipitated by the addition of 
dilute sodium hydroxide solution. 

The less soluble fraction was repeatedly crystallised from ethyl 
alcohol until its melting point was constant and in this way pure 


* The rotations of the active compounds described in this paper were 
determined in ethyl-alcoholic solution at 20° in a 4-dem. tube for the mercury- 
green (5461) line (except where stated otherwise). 
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d-8-2 : 3 : 7-trimethyl-1 : 2 : 3 : 4-tetrahydroquinozalino-1-d-methylene- 
OgH3;Me——N-CH:C-CgH i, 
NH-CHMe-CHMe ‘CO 
yellow prisms, m. p. 243—244° (Found : C, 78-4; H,8-7. C,.H3 ON, 
requires C, 78-1; H, 8-9%). It had a54,, + 26-77° and azo, + 
21-30° (c = 0-5100), whence [a]54g; = + 1312° and [e];2.9 = + 
1044°. When acetic acid was added to the alcoholic solution no 
mutarotation was observed during 24 hours at the ordinary tem- 
perature. 

By working up the earlier mother-liquors from the recrystal- 
lisation of the condensation product and also the product pre- 
cipitated by dilute sodium hydroxide a more soluble fraction was 
obtained which, after several crystallisations from dilute alcohol 
and then from ligroin—benzene, softened at 110° and melted at 
170—175° (Found: N, 7-9. C,,H3,ON, requires N, 8-3%). From 
its behaviour on heating it was believed that it was the optically 
impure diastereoisomeric condensation product. The analysis was 
somewhat difficult to carry out owing to the substance being 
hygroscopic. It had «;4,, + 16-54° and a5..) + 13-65° (c = 0-8900), 
whence [«]54¢; = -+ 448° and [a]59g9 = + 383°. 

As the more soluble fraction could not be purified, the crude 
substance (45 g.) recovered from the solution was heated to boiling 
with concentrated hydrochloric acid (500 c.c.) and steam passed 
through the solution until d-oxymethylenecamphor ceased to distil 
(15 minutes). The yellow solution which remained contained some 
resinous material which was easily separated. The solution was 
cooled, extracted with benzene to remove neutral products, and 
then treated with a slight excess of aqueous ammonia. The semi- 
solid which separated was extracted with benzene, and the latter 
solution, after being washed, dried with potassium hydroxide. The 
benzene solution after filtration from a further small quantity of 
resinous material was evaporated to dryness, and the base thus 
obtained purified by extraction with ligroin* (b. p. 40—60°); 
yield 15-4 g. This base had m. p. 96—99° and had a small Jevo- 
rotatory power, « — 0-16° (c = 0-9596), whence [«] = — 4:17°. 

1-6-2: 3: 7-T'rimethyl-1 : 2 : 3 : 4-tetrahydroquinoxalino-1-1- methyl - 
enecamphor | was prepared from the feebly levorotatory base 
referred to above and /-oxymethylenecamphor, the condensation 
and purification of the less soluble product being carried out exactly 
as for the stereoisomeric substance. After repeated crystallisation 


camphor, , was obtained in well-formed, 


* In later experiments it was found more convenient to purify the base by 
steam distillation. 

+ The same compound was obtained when the pure dl-B-base was condensed 
with /]-oxymethylenecamphor. 
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from ethyl alcohol, the pure substance, m. p. 243—244°, was 
obtained in yellow prisms (Found: N, 8:35. C, ,H5 ON, requires 
N, 83%) and its properties corresponded exactly with those of 
the stereoisomeride. It had «,,,, — 25-63° and a52., — 20-50° 
(c = 0-4902), whence [«];4g, = — 1307° and [«];7e9 = — 1045°. 

Hydrolysis of d-8-2 : 3 : 7-Trimethyl-1 : 2 : 3 : 4-tetrahydroquinoxal- 
ino-1-d-methylenecamphor and of its Stereoisomeride —The hydrolysis 
of these substances was carried out under the conditions previously 
described, the base in each case being isolated by steam distillation. 

The base separated from the d-oxymethylenecamphor derivative 
crystallised from ligroin in glistening, colourless, thin plates, m. p. 
106—107-5°, and the melting point after admixture with the 
dl-8-base was depressed to 90—95° (Found: N, 15-6. C,,H,,N, 
requires N, 15-9%). This base in ethyl-alcoholic solution was only 
feebly dextrorotatory. The diacetyl derivative crystallised slowly 
from water in colourless prisms, and later, when the solution was 
stirred, needles separated, indicating that the diacetyl derivative 
was a mixture. This was confirmed by the melting point, since 
the substance softened at 108—109° and did not become clear until 
123—124°. The aqueous filtrate was dextrorotatory, giving in a 
4-dem. tube at 20° «544; = + 2-7°. When a concentrated acetone 
solution of the base was mixed with the calculated quantity of 
oxalic acid, also in acetone solution, and kept in the ice-chest, the 
oxalate crystallised slowly in rosettes of glistening needles differing 
in appearance from the oxalate of the dl-8-base. The needles 
softened at 138° and decomposed at 144°. The base which was 
obtained from the oxalate had m. p. 105—106° after crystallisation 
from ligroin, and showed a small but definite dextrorotation in 
ethyl-alcoholic solution at 20°: c = 2:2490, 1 = 4, a544, = + 0-23”, 
whence [«];4g; = + 2-56°. From the oxalate of the base remaining 
in the mother-liquor, the recovered base, after recrystallisation 
from ligroin, had m. p. 105—107°, softening at 102°. It had 
a -+ 0:05° (c = 0-6096, 1 = 2), whence [«] = + 4-1°. 

The base separated from the hydrolysis of the /-oxymethylene- 
camphor derivative was purified by distillation in steam and 
crystallisation from ligroin. It was obtained in glistening, thin 
plates, m. p. 105—106°, and when mixed with the dl-$-base it 
softened at 90° and melted at 94—95° (Found: N, 16-0. C,,H Ne 
requires N, 15-9%). Its levorotation in ethyl-alcoholic solution 
was very small. The diacetyl derivative, after crystallisation from 
ligroin and then from water, separated in hard, glistening prisms, 
m. p. 182—132-5°, and this was not depressed on admixture with 
the diacetyl derivative of the dl-B-base. It was optically inactive 
in ethyl-alcoholic solution. The aqueous filtrate was levorotatory, 
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giving in a 4-dem. tube at 20° a54,, = — 10°. On hydrolysis of 
the acetyl derivative present in this aqueous solution with hydro. 
chloric acid, complete racemisation took place, the base liberated 
being optically inactive in ethyl-alcoholic solution. The oxalate, 
prepared in acetone solution, was deposited slowly in hard nodules, 
The base obtained from this crystalline oxalate, after crystallisation 
from ligroin, had m. p. 95—99° and was optically inactive in ethyl- 
alcoholic solution. The base recovered from the oxalate remaining 
in the acetone solution had, after crystallisation from ligroin, m. p. 
105—108°. It had « — 0-09° (c = 1-2492), whence [a] = — 3-6°. 


The greater portion of the expense of this investigation has been 
met from a grant from the Government Grant Committee of the 
Royal Society, for which we express our grateful thanks. 
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XVII.—T he Constitution of the Supposed N-Methylene- 
sulphurous Acid Derivative of Amines. Part I. 
Oxidation by an Alkaline Solution of Iodine. 


By Gzrorce Newsery and MontacuE ALEXANDRA PHILLIPS. 


Disopium 3: 3’-diamino-4 : 4’ -dihydroxyarsenobenzene - N N’ -di- 
methylenesulphite prepared by the action of excess of formaldehyde 
and sodium bisulphite on 3: 3’-diamino-4 : 4'-dihydroxyarseno- 
benzene (salvarsan) is known by American chemists as “ sul- 
pharsphenamine ” and its preparation and properties together 
with those of the corresponding acid have been described by 
Voegtlin and Johnson (J. Amer. Chem. Soc., 1922, 44, 2573) and 
by Christiansen (ibid., 1923, 45, 2182). The corresponding di- 
sodium 3 : 3’-diamino-4 : 4’-dihydroxyarsenobenzene-N N’-dimethy]- 
enesulphoxylate is said (D.R.-P. 245756) to result on heating an 
aqueous suspension of salvarsan base with excess of sodium form- 
aldehydesulphoxylate (rongalite) on the water-bath. When a 
similar method is applied with the replacement of rongalite by 
sodium formaldehydebisulphite, it appears that mono- or di-N- 
methylenesulphurous acid substitution products, or a mixture of 
these, result according to conditions of temperature and to the 
amount of the reagent present in excess. A reaction mixture so 
prepared at 60° with an excess of sodium formaldehydebisulphite, 
when filtered and poured into alcohol, yields a sodium salt which in 
its chemical behaviour as well as in its pharmacological action 
differs from that described by Voegtlin and Johnson (loc. cit.). A 
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characteristic qualitative distinction is afforded by the action of 
2N-hydrochloric acid, which causes the immediate precipitation of 
the corresponding acid in the first case, but not in the latter, the 
alleged acid * described by these authors as precipitated from the 
sodium salt by glacial acetic acid being soluble both in water and 
in 2N-hydrochloric acid. 

A chemical method for distinguishing substances of the type of 
neosalvarsan from sulpharsphenamine has recently been described 
by Elvove (U.S. Public Health Reports, June 12, 1925), and is based 
on the observation that the sulphur in the former is oxidised by 
iodine in alkaline solution to sulphate and can be precipitated 
quantitatively as barium sulphate, whereas the combined sulphur in 
products of the latter type is not so oxidised. It is now shown that 
the same distinction holds between the two sodium salts above 
mentioned, the whole of the sulphur in the product of the action of 
sodium formaldehydebisulphite on salvarsan base being oxidisable 
by iodine in alkaline solution. 

It was found that although 4: 4’-diaminoarsenobenzene yields 
analogous products by similar methods, the sulphur in both is 
completely oxidised and is precipitated quantitatively as barium 
sulphate under the conditions laid down by Elvove. 

These observations have led to the investigation of a number of 
amino-derivatives from this point of view. In each case the 
hydrochloride of the base was treated with two molecular pro- 
portions of formaldehyde and of sodium bisulphite for each amino- 
group and the total sulphur and the amount of sulphur oxidised 
under the Elvove conditions were determined in aliquot portions of 
the reaction mixture. In the case of those bases which gave 
positive results the arsenic content (or in the case of 2-amino- 
phenol, the nitrogen content) of the solution was checked by 
estimation in a further aliquot part. The results obtained are 
tabulated below. 

Total S (g.) calculated from total § determination in aliquot portion = a. 
Oxidised § (g.) calculated from S found in aliquot portion after oxidation under 
Elvove conditions = b. 

Atomic 
Non- ratio, Non- 
oxidised S, oxidised 
Substance (0-001 g.-mol.). a. b. a—b. S: As. 
Aniline 0-063 0-065 — — 
2-Aminophenol 0-046 0-019 — 
3-Aminophenol 0-061 ~- -— 


4-Aminophenol 0-060 = 0-061 — — 
2-Anisidine 0-064 0-062 — — 


* In our opinion the product precipitated was the sodium salt and not the 
acid. The acid is apparently a strong one and its sodium salt is not decom- 
posed by acetic acid. 
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Atomic 
Non- ratio, Non. 
oxidised 8S, oxidised 
Substance (0°001 g.-mol.). be b. a—b. S: As. 
4-Aminophenylarsinic acid . 0-064 —_ — 
3 - Amino - 4 - hydroxyphenylarsinic 
acid 0- 0-034 0-030 0-95 
4 - Amino - 3 - hydroxyphenylarsinic 
acid 0-030 0-033 1-03 
- Amino - 2 - hydroxyphenylarsinic 
acid 0- 0-055 — 
- Amino - 2 - hydroxyphenylarsinie 
acid 0-0: 0-059 
- Amino - 4 - hydroxyphenylarsinic 
acid 0-0 0-064 
-Amino - 4 -methoxyphenylarsinic 
acid ° 0-061 
-Aminoarsenobenzene ‘ 0-059 
4; 4’-Diaminoarsenobenzene * 0-135 
-Amino - 4 - hydroxyarsenobenzene wt 0-021 
: 3’ - Diamino - 4: 4’ - dihydroxy- $0-209 yee] 
arsenobenzene +0-283 0-215 
: 4’ - Diamino-3 : 3’ - dihydroxy- 
arsenobenzene * . 0-060 
: 5’ - Diamino - 2 : 2’ - dihydroxy- 
arsenobenzene * ° 0-127 
3: 3’-Diamino -4: 4’ - dimethoxy- 
arsenobenzene * 0 0-125 — — 
Two mol. proportions of formaldehyde were used in all cases except those 


marked * (4 mols.), ¢ (6 mols.), and ¢ (8 mols.). 


It will be seen that the combined sulphur is unoxidised by iodine 
in alkaline solution under the Elvove conditions only in the com- 
pounds that contain an o-aminophenol group. Except in the case 
of o-aminophenol, the atomic ratio of combined sulphur, so deter- 
mined, to nitrogen approximates to unity. In confirmation of this, 
experiments with salvarsan were made not only with four molecular 
proportions each of formaldehyde and sodium bisulphite but with 
six and with eight proportions of each reagent. The ratio of 
combined sulphur to nitrogen remained unaffected. 

The conclusion is thus forced upon us that, at least from those 
bases which contain the o-aminophenol group, different and 
apparently isomeric sulphur acids are capable of being formed 
according to whether the addition of sodium bisulphite is made to 
the ‘CH, complex before or after condensation with the amino- 
group of the base. 

A common type of sulphur linkage which is not readily susceptible 
to oxidation (and is not, indeed, affected by oxidation under the 
Elvove conditions) is that of the sulphonic and sulphinic acids, 7.e., a 
direct linkage of carbon with sulphur. It might therefore be 
assumed that sodium bisulphite reacts in a tautomeric manner in the 
two cases, thus : 
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(a) B>c:0 + O>s:0 H>C<.80,Na +nci 
—> :‘NH:CH,°0°SO,Na (oxidised). 
(6) N<f+o0< —> wwic< +, Bos<0 
—> ‘NH:CH,°SO,Na (not oxidised). 

It would appear, however, that more than this is involved in the 
problem, since, unlike compounds of the sulphonic or sulphinic acid 
type, the sulphur derivatives here described as being resistant to 
oxidation are very susceptible to the action of hydrolytic agents. 
Indeed the isolation in a state of purity of either di-sulphur acid in 
question presents difficulties which have so far proved insurmount- 
able, so that direct proof of isomerism is at present lacking. 

The evidence afforded by oxidation by alkaline iodine shows, we 
think conclusively, the disubstituted nature of the sulpharsphen- 
amine type of product. That the product of the action of two 
molecules of sodium formaldehydebisulphite on salvarsan base is 
not merely a mixture of the monosubstituted product with the 
excess of the reagent is readily demonstrated by marked qualitative 
differences from such a mixture, differences which, however, 
disappear after very mild acid hydrolysis. 

Moreover, mild acid hydrolysis of a disubstituted product of the 
type of sulpharsphenamine leads to the formation of a mono- 
substituted derivative of apparently the same type as that obtained 
by the action of sodium formaldehydebisulphite on the corresponding 
base. In no case is such a product of hydrolysis found to contain 
any appreciable amount of sulphur which remains unoxidised under 
the Elvove conditions. 

Further, there seems no obvious reason why the proximity of 
the hydroxy-group should have such an effect on the mechanism of 
combination. Ring formation of some kind would consequently 
appear to be involved. 

We have also to bear in mind that the commonly accepted view 
of the constitution of sodium formaldehydebisulphite and of sodium 
formaldehydesulphoxylate as substances containing sulphur linked 
to carbon through oxygen has recently been called into question by 
Raschig (Ber., 1926, 59, 859). Binz (ibid., p. 1695), on the other 
hand, points out that many of the chemical properties of sodium 
formaldehydesulphoxylate are better explained by assuming the 
:;C—O—S: formula. There appears to be good grounds for con- 
sidering both these compounds to be tautomeric in their chemical 
behaviour. 

We have thus at present no completely satisfactory explanation 
to offer for these observations, but it is hoped in future communi- 
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cations to examine more closely some individual cases of this 
apparent isomerism. 


EXPERIMENTAL. 


The methods used for the preparation of the following compounds 
call for some note. 

4-Aminoarsenobenzene.—A solution of 4-aminophenylarsinic acid 
(4-4 g.) and phenylarsinic acid (4-0 g.) in saturated sodium carbonate 
solution (20 c.c.) was added to an ice-cold solution of magnesium 
chloride hexahydrate (10 g.) and sodium hyposulphite (40 g.) in 
water (600 c.c.). The solution was treated with charcoal, filtered, 
and heated for 2 hours at 30—40° (yield, 4 g.; 62%) (Found: 
As, 46:8; N, 4:4. C,,H,,NAs, requires As, 47-0; N, 4-4%). 

4-Aminoarsenobenzene was a light yellow powder insoluble in 
dilute acids and alkalis and in methyl alcohol and the usual organic 
solvents. It was converted by grinding with methyl-alcoholic 
hydrochloric acid into a monohydrochloride, which was insoluble in 
water (Found: As, 38-4; Cl, 9-5. C,,.H,,NAs,,HCl,2H,O requires 
As, 38-4; Cl, 9:1%). That this hydrochloride was not a mixture 
of 4: 4’-diaminoarsenobenzene and arsenobenzene was shown by the 
fact that complete solution was obtained by suspension in water 
and treatment with formaldehyde and sodium bisulphite. No such 
solution could be obtained with arsenobenzene prepared by the 
reduction of phenylarsinic acid. 

4: 4’-Diaminoarsenobenzene was prepared in a similar manner 
(4-aminophenylarsinic acid, 9-2 g., in a slight excess of 2N-sodium 
carbonate; magnesium chloride hexahydrate, 5 g.; sodium 
hyposulphite, 40 g.; ice-water, 500 c.c.), the solution being finally 
heated for 14 hours at 55—60° (yield, 4 g.; 56%) (Found: As, 
44-9; N, 86%). The product was insoluble in the theoretical 
amount of very dilute hydrochloric acid. On the other hand, the 
base prepared by hypophosphorous acid reduction (Kashima, 
J. Amer. Chem. Soc., 1925, 47, 2207) was readily soluble in dilute 
hydrochloric acid, and the hydrochloride precipitated by the 
addition of 2NV-hydrochloric acid in excess was still soluble in water 
after being dried in a vacuum (Found: As, 33-7; Cl, 15-9; N, 6-4. 
Calc. for dihydrate : As, 33-9; Cl, 16-0; N, 6-3%). 

3-Amino-4-hydroxyarsenobenzene was prepared from 3-amino- 
4-hydroxyphenylarsinic acid (5-8 g.) and phenylarsinic acid (5 g.) 
by reduction with sodium hyposulphite (50 g.) and magnesium 
chloride hexahydrate (10 g.) in 500 c.c. of water for 2 hours at 60° 
(yield, 5 g.; 60%) (Found: As, 44-6; N,4:1%). The yellow base 
was soluble in 2N-sodium hydroxide and, although not readily 
soluble in 2N-hydyochloric acid, was converted by suspension 
in methyl alcohol, addition of alcoholic hydrochloric acid and 
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finally of ether into a soluble hydrochloride (Found: As, 36-6; 
Cl, 8°8. Cale: for the monohydrochloride dihydrate: As, 36°8 ; 
Cl, 8-7%). 

4-Amino-2-hydroxyphenylarsinic acid was prepared by a method 
essentially that since described by Hewitt and King (J., 1926, 822). 
No difficulty, however, was experienced in the isolation of the crude 
mixture of nitroethenyl-o-aminophenols when the nitration of 
ethenyl-o-aminophenol was carried out as follows: 100 g. of the 
fraction, b. p. 190—210°, from the preparation of ethenyl-o-amino- 
phenol (Ladenburg, Ber., 1876, 9, 1524) were added to sulphuric 
acid (d 1-84; 500 c.c.), the temperature being allowed to rise to 
60—70°. The cooled mixture was then nitrated at 10—20° by the 
slow addition (243—3 hours) of a mixture of nitric acid (d 1-42; 
60 c.c.) and sulphuric acid (d 1-84; 60 c.c.) with mechanical stirring. 
Completion of nitration was shown by the absence of the characteristic 
smell of the unchanged material on dilution with water. The bulk 
was poured on ice, washed free from acid, and dried at 90°. 

The crude 5-nitroethenyl-o-aminophenol (111 g. = 90%; m. p. 145°) 
was very susceptible to hydrolytic agents and was not readily purified, 
repeated crystallisation from organic solvents such as acetic 
anhydride, alcohol, or acetone giving colourless, ill-defined needles 
of m. p. 150—151°, which was not raised by further crystallisation 
(Found: N, 15-8. C,H,O,N, requires N, 15-7%). The product 
was not quite free from 4-nitroethenyl-o-aminophenol, since on 
hydrolysis as outlined below some 4-nitro-2-aminophenol always 
accompanied the main product. 

The crude moist product from the above nitration was boiled with 
400 c.c. of hydrochloric acid (d 1-16) until dissolved, sodium acetate 
was then added, and the precipitate thus formed was washed 
thoroughly with water, which removed the bulk of the 4-nitro- 
2-aminophenol. The residue of 5-nitro-2-aminophenol (m. p. 202° 
after crystallisation from hot water) was converted into 4-nitro- 
2-hydroxyphenylarsinic acid by the Bart method according to the 
details given by Lewis and Cheetham (J. Amer. Chem. Soc., 1921, 43, 
2119) for p-carboxyphenylarsinic acid (yield, 62%) (Found: As, 
28-4°,). Reduction by the method of Jacobs, Heidelberger, and 
Rolf (J. Amer. Chem. Soc., 1918, 40, 1580) using ferrous sulphate 
then gave the same yield (84%) of 4-amino-2-hydroxyphenylarsinic 
acid as that recorded by Hewitt and King (loc. cit.) (Found: As, 
32°2; N, 6-1%). 

The corresponding arseno-base could not be obtained by the 
usual hyposulphite or hypophosphorous acid method owing to 
extremely ready de-arsenication with the production of polyarseno- 
compounds (compare Hewitt and King, loc. cit.). 
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5-Amino-2-hydroxyphenylarsinic Acid.—5-Nitro-2-hydroxyphenyl. 
arsinic acid prepared by Bart’s method (Annalen, 1922, 429, 97) 
from technical 4-nitro-2-aminophenol or by nitration of 2-hydroxy. 
phenylarsinic acid (Keimatsu and Kakinuma, J. Pharm. Soc. Japan, 
1925, No. 520, 2) was reduced according to the following details: 
To a solution of the acid (100 g.) in water (250 c.c.) and 2N-caustic 
soda (200 c.c.), ice (200 g.) was added, followed by sodium hypo. 
sulphite (240 g.), the temperature being below 10°. After 
30 minutes’ stirring, the solid was filtered off, washed, and purified 
as described by Christiansen for 3-amino-4-hydroxyphenylarsinic 
acid (J. Amer. Chem. Soc., 1920, 42, 2403). Yield, 50 g. (60%) 
(Found: As, 32-0%). : 

3-Hydroxy-4-aminophenylarsinic acid could not be readily 
obtained by Benda’s method (Ber., 1911, 44, 3579) and was prepared 
as follows : 5-Nitroethenyl-o-aminophenol (10 g.) was slowly dusted 
into a boiling mixture of glacial acetic acid (5 c.c.), fine iron powder 
(12 g.), and water (30 c.c.). The hot mixture was made alkaline to 
phenolphthalein with 2V-sodium carbonate and diluted to 100 c.c. 
with boiling water. The combined filtrate and washings from the 
iron oxides were concentrated to 50 c.c. under reduced pressure; 
on cooling, 5-aminoethenyl-o-aminophenol (4 g.; 50% yield) 
crystallised in diamond-shaped plates, moderately easily soluble in 
cold water and readily soluble in dilute mineral acids. Purified by 
reprecipitation by sodium acetate from hydrochloric acid solution, 
it had m. p. 147° (Found: N, 18-8. C,H,ON, requires N, 18-9%). 
Its orientation was confirmed by the fact that hydrolysis by boiling 
2N-hydrochloric acid, followed by acetylation, led quantitatively to 
an acetyl derivative, m. p. 260° (Found: N, 13-7%), identical with 
2 : 5-diacetamidophenol prepared by the reduction of pure 5-nitro- 
2-aminophenol, followed by acetylation (Kehrmann and Betsch, 
Ber., 1897, 30, 2099). 

4-Acetamido-3-hydroxyphenylarsinic acid was made from the 
foregoing aminoethenyl derivative by the Bart method; the yield 
was poor (10%). The compound crystallises in characteristic needles, 
and is insoluble in cold water and in dilute mineral acids (Found : 
As, 27:2; N,5-1%). On hydrolysis with hot 20% sodium hydroxide 
solution, followed by acidification with acetic acid, it gave 4-amino- 
3-hydroxyphenylarsinic acid in 90% yield; this, purified by the 
Christiansen method (loc. cit.), crystallised in short, stout prisms 
(Found: As, 32-4; N,6-0%). It differed from 3-amino-4-hydroxy- 
phenylarsinic acid in giving a green instead of a red coloration with 
chromic acid and in its lower basicity. Thus at comparable 
dilutions 1 mol. of 3-amino-4-hydroxy-, 2-amino-4-hydroxy-, and 
4 amino-3-hydroxy-phenylarsinie acids respectively required 
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approximately 4, 8, and 12 mols. of hydrochloric acid for complete 
solution. The same properties were shown by the product obtained 
from 5-aminobenzoxazolone by the Bart method, followed by 
alkaline hydrolysis (Amer. Patent 1539799 /1924). 

4: 4’-Diamino-3 : 3’-dihydroxyarsenobenzene was prepared by a 
slight modification of the method suggested by Benda (loc. cit.). 
The alkaline solution of the purified @-naphthol dye was treated at 
(0—5° with sufficient sodium hyposulphite to discharge the colour of 
the solution, which was then saturated with carbon dioxide. After 
removal of 1-amino-2-naphthol, the filtrate was reduced with a 50% 
excess of sodium hyposulphite for 2 hours at 60°. 

The arseno-compound was converted into its hydrochloride in 
methyl alcohol and precipitated by ether. It was readily soluble in 
water (Found: As, 31-0; N, 5-7; Cl, 14:0. Calc. for dihydrate : 
As, 31:6; N, 5-9; Cl, 14-:9%). 

2-Amino-4-hydroxyphenylarsinic acid was prepared according to 
the scheme outlined by Fourneau (Ann. Inst. Pasteur, 1923, 37, 
576). 3-Nitro-4-aminophenol gave by the Bart method 2-nitro-4- 
hydroxyphenylarsinic acid (50%), which on reduction (Jacobs, 
Heidelberger, and Rolf, loc. cit.) gave the required amino-acid 
(yield, 80%) (Found: As, 32-4; N, 61%). 

The corresponding arseno-base, like that from 2-hydroxy- 
4-aminophenylarsinic acid above, was not readily obtained by the 
ordinary methods of reduction, owing to the readiness with which 
de-arsenication occurred. 

General Method of Examination.—The hydrochloride (0-001 g.- 
mol.) of the base under examination was dissolved in water (5 c.c.) 
or alternatively an equivalent amount of the base dissolved in the 
minimum of hydrochloric acid was made up to about 5c¢.c. 4% 
Formalin solution (1-5 c.c., 7.e., 2 mols. per 1 at. of amino-nitrogen) 
was added and then after the lapse of 60 seconds * a solution of 
sodium bisulphite (0-208 g.; 2 mols. per 1 at. of amino-nitrogen). 
In certain cases, particularly those of arseno-compounds, precipit- 
ation of a yellow product ensued which rapidly re-dissolved on 
shaking. After 30 minutes, the solution so obtained was diluted to 
100 ¢.c. and aliquot portions were taken for the determinations 
detailed below. 

The above amounts are those for mono-acid bases; the quantities 
of the reagents were doubled for the di-acid bases. For 3: 3’-di- 
amino-4 : 4’-dihydroxyarsenobenzene, the proportions of the re- 
agents were varied, 4, 6, and 8 mols. each of formaldehyde and of 


* In the case of 3-amino-4-hydroxyarsenobenzene only 15 seconds were 
allowed, as otherwise the subsequent dissolution of the solid precipitated on 
the addition of the sodium bisulphite was difficult to accomplish. 
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sodium bisulphite being employed in three separate experiments, 
As the ratio of arsenic to non-oxidisable sulphur remained approxi- 
mately constant, it was assumed that 2 mols. of the reagents per 
1 at. of amino-nitrogen was a sufficient excess in all cases for the 
completion of the reaction. 

Nitrogen was determined, in the case of the examination of 
2-aminophenol, by the Kjeldahl method, 25 c.c. of the solution 
being employed. 

Arsenic was estimated in 25 c.c. of the solution by the ammonium 
persulphate method described by one of us (J., 1925, 127, 1751). 

Total sulphur was determined in 25 c.c. by evaporation and fusion 
with a eutectic mixture of sodium and potassium carbonates 
(4 parts) and potassium nitrate (1 part), followed by precipitation 
of the sulphur as barium sulphate. An experimental correction for 
adsorbed salts was applied (compare Christiansen, J. Amer. Chem. 
Soc., 1922, 44, 853). This determination was made as a check on 
the amount of sulphur introduced as sodium bisulphite. 

Oxidised sulphur. 50 C.c. of the solution were estimated by 
Elvove’s method (loc. cit.), excess of 0-1 N-iodine (75 c.c.) being added, 
followed by 10 c.c. of 2N-sodium hydroxide. After 5 minutes 
11 c.c. of 2N-hydrochloric acid were added and the excess of iodine 
was removed by the addition of a 0-05M-sodium arsenite solution 
(50 c.c.). When the solution was completely decolorised, it 
was further acidified by addition of 2N-hydrochloric acid (10 c.c.), 
and the sulphate in the solution estimated in the usual manner as 
barium sulphate. 

Sodium 4:4'-Diaminoarsenobenzenedimethylenesulphite (A).— 
Difficulty was experienced in attempts to repeat the details of the 
method of Kashima (J. Amer. Chem. Soc., 1925, 47, 2208), the 
product of the action of formalin upon 4 : 4’-diaminoarsenobenzene 
after isolation being incompletely soluble on the addition of sodium 
bisulphite. It was found preferable to use a method similar to that 
of Christiansen (loc. cit.). 4: 4'-Diaminoarsenobenzene (4 g.) made 
according to Kashima (/oc. git.) was suspended in water (30 c.c.) and 
dissolved by the cautious addition of 2N-hydrochloric acid. 
Formalin (40%, 2-5 c.c.) and, after the lapse of 60 seconds, sodium 
bisulphite (3-25 g.) in water (5 c.c.) were then added to the 
suspension of the formaldehyde compound. Solution was quickly 
effected, and the mixture was then shaken with charcoal, filtered, 
and precipitated in 500 c.c. of spirit. The product, after being 
washed with spirit and dried in a vacuum over sulphuric acid 
(yield, 5 g.), was dark yellow and soluble in water. A 10° solution 
was not precipitated by an equal volume of 2N-hydrochloric acid 
even after some hours’ standing, nor did it decolorise a hot solution 
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of indigo-carmine (Found : As, 25-3; N, 4-0; total S, 12-8; S by the 
Elvove oxidation method, 13:1%. As:N:S=1 : 0-87: 1-19). 

Sodium 4 : 4'-Diaminoarsenobenzenedimethylenesulphite (B).—The 
moist base obtained by hypophosphorous acid reduction of 4-amino- 
phenylarsinic acid (8 g.) was ground with sodium formaldehyde- 
bisulphite (5 g.) and water (25 c.c.). The mixture was heated at 
60° for 24 hours, and the turbid solution filtered through kieselguhr 
and precipitated by pouring into spirit (500 c.c.). The light yellow 
product was filtered off, washed, and dried as before (3 g.). (Found : 
As, 25:2; N,4°7; total 8, 10°1; S by the Elvove oxidation method, 
103%. As:N:S=1:1°0:0°94). It was readily soluble in water. 
A 10% solution did not decolorise hot indigo-carmine solution, but 
was precipitated after a just perceptible delay by the addition of an 
equal volume of 2N-hydrochloric acid. 

The acid obtained was readily soluble in dilute alkali hydroxide 
or carbonate: its gelatinous character and ready oxidation in air 
precluded satisfactory analysis. 

Sodium 3 : 3'-Diamino-4 : 4’-dihydroxyarsenobenzene-NN'-dimethyl- 
enesulphite (A).—A specimen prepared according to Christiansen (loc. 
cit.) gave the following figures: As, 18-0; N, 3:3; total 8, 13-9; 
S by the Elvove oxidation method, 5-3; unoxidised 8 by difference, 
86%. Atomic ratio, As:N: unoxidised § = 1: 0-98: 1-12. 

Hydrolysis of the sodium salt. In a solution of 5-0 g. in water 
(15 ¢.c.) 2N-hydrochloric acid (10 c.c.) caused no precipitation 
(compare preparation B described below). The mixture was 
warmed at 60—70° until a sample on cooling deposited a yellow, 
amorphous solid (5—7 minutes). The whole was cooled and the 
solid was filtered off after 10 minutes, washed with water, and dried 
in a vacuum over sulphuric acid (yield, 2-5 g.). The product was 

ifreely soluble in alkali hydroxide or carbonate and the solution so 

obtained was readily precipitated by 2N-acetic acid or 2N-hydro- 
chloric acid (Found in three preparations: As, 31-0, 31-1, 31-4; 
N, 5-55, 5-95, 5-4; total S, 8-0, 7-65, 7-7; S by the Elvove oxidation 
method, 7-2, 6-85, 7-5; unoxidised S by difference, 0-8, 0-7, 0-2%. 
Mean atomic ratio, As: N : total S = 2:1-92:1-16. C,3H,,O;N,SAs, 
requires As, 32-6; N, 6-1; 8, 7-0%). 

Sodium 3 : 3'-Diamino-4 : 4'-dihydroxyarsenobenzene-NN'-dimethyl- 
enesulphite. (B).—3 : 3’-Diamino-4 : 4’-dihydroxyarsenobenzene ob- 
tained from 3-amino-4-hydroxyphenylarsinic acid (50 g.) by the 
usual hyposulphite reduction method was, without being dried, 
ground to a paste with a solution of sodium formaldehydebisulphite 
(30 g.) in water (250 c.c.). The mixture was heated at 60° until 
solution was effected (about 3 hours), filtered, and precipitated by 
pouring it into 3 litres of spirit. The product was washed and dried 
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in a vacuum (yield, 37 g.) (Found: As, 25-2; N, 4-7; total S, 10-1; 
S by the alkaline oxidation method, 10:3%. As:N:S = 1:1-0:0-9]). 
A solution in water was not precipitated by an equal volume 
of 2N-acetic acid and did not decolorise a hot indigo-carmine 
solution. 

A similar solution, treated with 2N-hydrochloric acid (2 parts), 
gave after a few seconds’ delay a voluminous, light yellow precipitate 
which remained soluble in water (as shown by dilution) for a period 
of some minutes at the ordinary temperature and for 30—60 minutes 
at 0°. The insoluble acid formed on standing was apparently 
identical with that described below under the heading of hydrolysis, 
All attempts to isolate the soluble acid for analysis proved abortive, 
even when precipitation, filtration, and washing with N-hydro. 
chloric acid were carried out at 0°, the product becoming insoluble 
when dry. Figures obtained for the insoluble acid in all cases 
indicated a monosubstituted product. 

Hydrolysis of sodium salt. The above product (7 g.) was dissolved 
in water (20 c.c.), 2N-hydrochloric acid added, and the mixture heated 
in the water-bath. The acid which separated quickly redissolved 
and sulphur dioxide was evolved. On cooling, a dark yellow 
product separated which was washed and dried to constant weight in 
a vacuum (yield, 3g.) (Found: As, 33-0; N, 5-6; total 8, 7-1; 8 by 
the Elvove oxidation method, 6-5. Calc.: As, 32-6; N, 6-1; § 
70%). 

The product was readily soluble in dilute caustic alkali or car. 
bonate solution and the solution so obtained was readily precipitated 
by 2N-acetic acid or hydrochloric acid and did not decolorise hot 
indigo-carmine solution. 

Sodium 3 : 3'-diamino-4 : 4'-dihydroxyarsenobenzene-N -monomethyj- 
enesulphite was prepared from 3: 3’-diamino-4 : 4’-dihydroxyarseno-J 
benzene (6-8 g.) which was heated with a solution of sodium forn- 
aldehydebisulphite (2-5 g.) in water (30 c.c.) at 60° with mechanical 
stirring until solution was almost complete (1—2 hours). After 
filtration through a kieselguhr bed, the product was precipitated 
in an excess of alcohol, filtered, washed, and dried in a vacuum. It 
was readily soluble in water, and the corresponding acid was pre- 
cipitated by dilute acetic acid, even in presence of excess of sodium 
formaldehydebisulphite, and by dilute mineral acids. The solution 
did not decolorise a hot indigo-carmine solution (Found : As, 31:2; 
N, 5:3; total 8, 7-1; S by the alkaline iodine method, 7-0%. 
As:N:S = 2: 1-84: 1-06). 

RESEARCH LABORATORY, Messrs. May & BAKER, LTD. 

Lonpbon, S.W. 18. [Received, January 20th, 1927.] 


CARTER AND HARDY: THE SALTING-OUT EFFECT. 


XVIII.—The Salting-out Effect. Influence of 
Electrolytes on the Solubility of m-Cresol in Water. 


By Joun STANLEY CARTER and Ricnoarp Kennet Harpy. 


MEASUREMENTS of the solubilities of certain non-electrolytes in 
solutions of various salts have shown that, provided interaction 
between non-electrolyte and salt be excluded, the relation between 
the solubility s and the salt concentration c is represented by the 
exponential equation s = sye**, where s, has a value equal to, or 
approximating to, the solubility in the pure solvent, and & is a con- 
stant which measures the salting-out effect of the salt (Setschenow, 
Z. physikal. Chem., 1889, 4, 117; Dawson, J. Soc. Chem. Ind., 
1920, 39, 15lr; Thorne, J., 1921, 119, 262; Linderstrém-Lang, 
Compt. rend. Trav. Lab. Carlsberg, 1924, 15, 4; Carter, J., 1925, 127, 
2861). When the salts are replaced by the corresponding acids, the 
above relationship is no longer valid, the solubility of the non- 
electrolyte often varying in a very complex manner with increasing 
concentration of acid (Manchot, Jahrstorper, and Zepter, Z. anorg. 
Chem., 1924, 141, 45; Carter, loc. cit.). 

The measurements now recorded relate to the effects produced by 
the chlorides and sulphates of sodium and magnesium, the corre- 
sponding acids, and mixtures of phosphoric acid and sodium 
phosphate on the solubility of m-cresol in water at 25°. The 
m-cresol used had m. p. 95° and was obtained by distillation 
of a sample which had undergone a rigorous process of purification 
and in which the only impurity appeared to be water. Pre- 
cautions were taken to ensure saturation and efficient filtration. 
m-Cresol was determined by the bromide—bromate method (Fox and 
Barker, J. Soc. Chem. Ind., 1920, 39, 1697). Electrolytes were 
determined by standard methods. The solubility of m-cresol in 
water at 25° was found to be 2-27 g./100 g. of solution, or 3-87 mols. 
per 1000 mols. of water, duplicate experiments giving exactly the 
same figure. 

In the two following tables c represents the number of equivalents 
of electrolyte per 1000 mols. of water. The solubility of m-cresol is 
expressed in the same way, s being the measured value and s’ the 
value calculated from the exponential equation, which was put into 
the form log s’ = log s) — k’c, the value of the constant k’ being 
given by the slope of the line on plotting log s as a function of c. 
On constructing such graphs from the data for the four salts inves- 
| tigated, it was found that the resulting lines did not cut the solu- 
bility axis at a point corresponding with the solubility of m-cresol 
in pure water, but at points corresponding with a somewhat lower 
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value. Differences between the measured and extrapolated values 
for the solubility in the pure solvent were observed by Dawson with 
phenol and by Thorne with ether. Extrapolated values s’y) have 
been used in the calculation of the s’ values given, which agree 
satisfactorily with the observed values (see Table I). 


TABLE I, 


. 


, 


8. a; c. a. 
Sodium chloride, 8’) = 3-61, k’ = 0-0101. 
3-03 2-99 45-84 1-25 
2°54 2-50 54°38 1-04 
1-89 1-92 68:26 0-73 
1-38 1-36 89-80 0-50 
Magnesium chloride, s’, = 3-61, hk’ = 0-00815. 
2-87 2-84 55-49 1-28 
2-19 2-18 61-95 1-11 
1-59 1-62 66-59 1-04 
Sodium sulphate, s’) = 3-80, k’ = 0-01405. 
3-08 3°12 32°43 1-36 
2-39 2-40 41-88 0-97 
2°24 2°24 62°13 0-52 
Magnesium sulphate, s’) = 3-80, k’ = 0-0119. 
6°86 3°13 3°15 29-97 1-69 
14-22 2-58 2-58 47-74 1-00 
24-2 1-97 1-96 80-44 0-37 
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Although the solubility of m-cresol in solutions of hydrochloric 
and of sulphuric acids (‘Table II) decreases in a regular manner with 
increasing concentration of acid, the exponential law is not obeyed ; 


TABLE II. 


Hydrochloric acid. 
20-22 40-83 49-09 66-40 77-00 
3°17 2-83 2-80 2-71 2-67 


Sulphuric acid. 

18-11 38-84 2° 61-86 83-37 

3:09 2-57 2: 2-14 1-86 
moreover, the solubility is greater than in solutions of the corre- 
sponding salts, and, as in the case of the salts, the salting-out 
efficiency of the sulphate ion is greater than that of the chloride ion. 
In order to see how the magnitude of the solubility lowering 
produced by an acid electrolyte is altered by the progressive re- 
placement of the dissociable hydrogen atoms by metal atoms, 
measurements were made of the solubility of m-cresol in phosphoric 
acid-sodium phosphate mixtures characterised by the approximate 
constancy of the concentration of phosphate ion. Actually the 
concentrations c of these solutions varied between 0-997 and 1-024N,,. 
Assuming that over this small range of concentration-differences the 
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solubility lowering is proportional to concentration, the values of 
| = 100(8) — s)/sgc were calculated. The value of / thus represents 
the percentage lowering of the solubility produced by an electrolyte 
which may be regarded as possessing the formula H,—,Na,PO, at 
a concentration of 1-0N,,. The data are presented in Table ITT. 


TaBLeE III. 


Solution. A. B. C. D. E. -. 
0-0 0-512 1-011 1-512 2-008 2-845 
10-5 = 18-6 25-1 29-9 33-3. —65-4 

The greatly increased solubility of m-cresol in solution F is 
due to its reaction with the alkali present to form sodium m-tolyl- 
oxide. Solution E had a slightly alkaline reaction (pg 9), but in 
view of the extremely small dissociation constant of m-cresol, there 
can have been practically no formation of tolyloxide. Neglecting 
the result for the most alkaline solution, a smooth curve is obtained 
on plotting J against x. The value of the ratio Al/Az decreases as 
xz increases. 

The fact that the solubility lowerings produced by acids are 
much smaller than those produced by the corresponding salts shows 
that the salting-out powers of ions of the same valency do not 
necessarily increase with decreasing size of the ions, although this is 
usually the case, as Glasstone, Dimond, and Jones have pointed out 
in reference to the effect of various salts on the solubility of ethyl 
acetate (J., 1927, 2935). 


Our thanks are due to the Government Chemist, Sir Robert 
Robertson, F.R.S., for providing facilities for the work and for 
permission to publish these results, and to Dr. J. J. Fox for his 
continued interest and advice, and for his kindness in supplying us 
with a quantity of pure m-cresol. 


GOVERNMENT LABORATORY, 
Lonpon, W.C. 2. [ Received, November 30th, 1927.] 


XIX.—The Velocity Coefficuent for Bimolecular 
Reactions in Solution. 


By Ronaup G. W. Norrish and FrRepeErick F. P. Smita. 


Tue application of the kinetic molecular theory to the problem of 
chemical reactivity, which has met with considerable success in the 
case of bimolecular reactions in gases at the hands of Hinshelwood 
and his co-workers, has given us the important concept of kinetic 


activation which would appear to be of far-reaching and funda- 
F 
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mental importance to the understanding of the kinetics of dark 
reactions. 

The velocity coefficient & of a bimolecular gaseous reaction can be 
calculated (Lewis, J., 1918, 413, 471) by means of the equation 


2 
kp =m X 114 x 1021 (2 Ms $s) Vu? + Ug? e-E/RkT (1) 


where o, and o, are the molecular diameters, u, and wu, are the 
velocities of the reacting molecules, m is the number of resultant 
molecules formed at each collision, and £ is the energy of activation 
obtained from the temperature coefficient of the reaction. The 
object of the present paper is to examine the above equation in the 
case of non-ionic reactions in solution. 

For this purpose, reactions of the simplest possible type are 
required taking place in a non-ionising solvent with regular and 
measurable velocities. The test may then be carried out either 
(1) by comparing two closely similar reactions in the same solvent 
in order to eliminate effects of solvation, or (2) by finding an expres- 
sion for the number of effective collisions per second between the 
dissolved reactants in terms of the critical increment determined 
from the temperature coefficient, and comparing the results given 
by the expression with the experimentally observed velocity. Both 
these methods have been adopted in the present paper. 

No suitable reactions could be found in the literature to provide 
data for the present investigation. A careful study has therefore 
been made of the velocities and temperature coefficients of two 
reactions which were considered to approach closest to our ideal 
requirements—the interactions of trimethylamine with m- and with 
p-nitrobenzy] chloride in carbon tetrachloride and benzene solutions. 


EXPERIMENTAL. 


‘The m- and p-nitrobenzyl chlorides after recrystallisation from 
petroleum ether (b. p. 40—60°) melted at 45-5° and 72-5°, respect- 
ively, and gave correct analyses. The trimethylamine was obtained 
from its hydrochloride by treatment with concentrated potassium 
hydroxide solution and warming, the evolved gas being passed 
through three soda-lime tubes and absorbed in the cooled solvent. 
The strength of the solution was obtained by titration with N/10- 
hydrochloric acid, a mixture of methyl-orange and sodium indigo- 
tinsulphonate being used as indicator. The solvents, benzene and 
carbon tetrachloride, were purified in the usual manner, the thiophen- 
free benzene being frozen and distilled from phosphoric oxide, and 
the carbon tetrachloride washed with soda and distilled from fused 


calcium chloride. 
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The velocity measurements were carried out in nine boiling 
tubes. These were drawn out and placed in a bath of ice, and 10 c.c. 
of nitrobenzy] chloride solution and 10 c.c. of base were placed in 
each tube, which was then quickly sealed off and placed in the 
thermostat, the timing being started from this point. 

The method of analysis varied with the solvent. In the case of 
benzene, the tube was opened and the contents were washed into a 
conical flask containing dilute nitric acid to stop the reaction, and 
a known quantity of silver nitrate solution. The whole was shaken 
with a considerable quantity of ether for about one minute in order 
to coagulate the silver chloride. The excess of silver nitrate was 
titrated with ammonium thiocyanate in the usual way. 

Two thermostats were run side by side, and solutions for velocity 
measurements in each of them were made from the same stock 
solution, the reactions with the m- and p-isomerides being conducted 
at each temperature simultaneously. The strength of the silver 
nitrate solution was 0:04986N ; a represents the concentration of the 
amine, p that of p-nitrobenzyl chloride, and m that of m-nitrobenzyl 
chloride. Tables I and II are specimens of the complete results with 
benzene as solvent, whilst Table III gives a summary of the results, 
the concentrations a, m, and p being expressed as normalities. 

The logarithm of the velocity coefficient for both the m- and the 
p-nitrobenzyl chloride reactions was plotted against the inverse of 
the absolute temperature. In each case a straight line was obtained, 
from which Table IIIa was compiled. 


TABLE I. 


p-Nitrobenzyl chloride and trimethylamine at 30°. 
p = 0:08231N; a = 0-1276N. 


Time AgNO, Time AgNO, 

(mins.). (¢.c.). tA k . 108. (mins.). (¢.¢.). 2. k. 108. 
1246 8-92 0-0224 2-19 2686 15-22 0-03794 218 
1290 9-16 0-02283 2-18 3924 18:90 0-04712 2-19 
2480 14-71 0-03667 2-23 3955 18:92 0-04718 2-17 
2661 15-22 0-03794 2-20 3983 19:05 0-04794 2-19 

Mean 2°19 
Taste II. 


p-Nitrobenzyl chloride and trimethylamine at 25°. 


p = 0-08231N; a = 0-1280N. 


Time AgNO, Time AgNO, 

(mins.). (c.¢.). x. &. 10". (mins.). (c.c.). vw. k . 10°. 
2776 13:03 0-03248 1-65 5614 19-38 0-04832 1-60 
2806 13:05 0-03253 1-63 5661 19-40 0-04837 1-59 
3897 16:00 0-03988 1-62 5676 19-44 0-04846 1-59 
3934 16-05  0-04000 1-62 5728 19-47 004854 1-58 


3955 16:07 0-04005 1-61 Mean 1:61 
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TABLE III. 
Limits of 
Temp. a. p. m. k Xx 105. k x 105. 
35° 0-0842 0-1172 -- 305—293 301 
1-1319 — 0:07787 217—212 214 
0-1276 0-08231 —_ 223—217 219 
0-1290 — 0-08130 163—152 158 
0-1280 0-08231 “= 165—158 161 
0-1301 oa 0-08130 119—112 115 
TaB_eE I[ITa. 
Reactant. Kes. kegs. iss /Kes- E. 
p-Nitrobenzyl chloride ......... 0-00161 0-00298 1-851 11,210 
m- # Sette Svs icprecbetheid 0-00115 0-:00214 1-861 11,320 


When carbon tetrachloride was used as solvent, consistent 
velocity coefficients could not be obtained. When an aqueous 
suspension of silver chloride, carbon tetrachloride, and ether is 
shaken, an unmanageable emulsion results, but this difficulty was 
overcome by filtering off part of the silver chloride and the whole 
of the carbon tetrachloride through a wet Swedish filter-paper 
before adding the ether. The reason for the irregularity has not 
been elucidated, but it may be due to the formation of a complex 
between trimethylamine and carbon tetrachloride, since a white 
solid is deposited from 0:3N-solutions of the amine in carbon 
tetrachloride. 

Discussion of Results. 

The main difficulties to be overcome in applying equation (1) to 
test the kinetic molecular hypothesis of reaction in solution are due 
to the uncertainty of the effect of the solvent upon the concentration 
and diameter of the dissolved molecules. 

The Calculation of (E, — E,) for Two Similar Reactions.—The 
difficulties can, however, be partly eliminated by comparing the 
above two closely similar reactions in the same non-polar solvent. 
If we take the same concentrations of reactants in each case, it is 
probable that they will suffer the same number of molecular en- 
counters, since no great difference in solvation or molecular velocity 
is to be imagined between the two isomerides in such a non-polar 
solvent as benzene. By applying equation (1) to the two reactions, 
we can therefore eliminate the o and u terms by division, and obtain 
the relationship ,/ky = e-®/®7 /e-":/R? or (LZ, — E,)/RT = log, k,/ky. 
Hence the difference between the critical increments can be cal- 
culated from the ratio of the velocity coefficients, and compared with 
that obtained directly from a measurement of the temperature 
coefficients of the reactions. 

If the conditions described above for making the réle of the 
solvent merely one of a medium for the reaction are successful, there 
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is no reason why E£,, E,, and (Z, — E,) should not be obtained with 
some accuracy. In the equation k,/k, = e“:—*0/"7, small changes 
in E, — E, are considerably magnified in k,/k,, and hence a slight 
error in k,/k, will hardly influence ZH, — #,. Similarly, in the 
equation log, ky,/k7, = E/R.(1/T, — 1/T,), a small experimental 
error in k7z,/k7, will have but little effect on Z. 

In Table IV, the results obtained in the present paper are com- 
pared with those obtained by Olivier (Rec. trav. chim., 1923, 42, 
516) for the hydrolysis of various benzyl halides with a mixture of 
equal parts of water and alcohol, and by Conant (J. Amer. Chem. 
Soc., 1925, 47, 488) for the reaction of various benzyl chlorides with 
potassium iodide in acetone solution. In both these cases, the 
solvent was of a highly polar character, and in the second case one 
of the reactants was anion. For these reasons, and also for reasons 
of steric hindrance where the reactions of o- and p-isomerides are 
compared, we should not expect the same close agreement between 
the two methods of determining (HZ, — H,) as that to be obtained 
when precautions are taken to eliminate serious errors due to 
differences of solvation and steric hindrance in the isomeric sub- 
stances employed. This, indeed, is seen to be the case, for in the 
present reaction where these disturbing effects have been reduced 
to a minimum, the concordance between the two methods of 
calculating (H, — E,) is close, the two values differing only by 
90 cals., while in the other cases cited the divergences vary from 
560 cals. to 1660 cals. 

TaBLE IV.* 


E,andz, H,—EH, 
from temp. coeff. H,—E,. 


m- and p-Nitrobenzyl chlorides -+- trimethyl- 11,320) 
amine 11,210/ 110 200 

o- and p-Bromobenzy] chlorides + KI 19,140) 1.170 _ 950 
17,970f 7" - 

p- and o-Chlorobenzyl1 chlorides + KI 18,330) 790 160 
17,610 T 

w-Chloro-p- and -o-xylenes + alcohol—water 20,460 | . 
19.860 f 600 — 550 

w-Chloro-p- and -m-xylenes + alcohol—water 20,460) ‘ 
20,230 f 230 — 1430 


The Calculation of the Velocity Coefficient, k.—We will now consider 
the more general problem of the calculation of the velocity coefficient 
of a non-ionic reaction in non-polar solution, as Lewis (loc. cit.) and 


* Since writing this paper, we have found that Peacock (J. Physical Chem., 
1927, $1, 535), working from a different point of view, calculated H,—E, by 
the two methods given in the text for certain reactions studied by himself 
and by Holleman. Neither of the sets of reactions was carried out in non- 
polar solvents, and the reactions studied by Peacock give velocity coefficients 
which vary with the initial concentration of the reactants. 
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Hinshelwood (J., 1923, 123, 2730; 1924, 125, 184) have done for 
gaseous systems. 

The expression giving the number of collisions per c.c. per second 
between two gases containing , and n, molecules per c.c. is 


Z=nr (=2 as *8) NN Vu? ma Us" b , ‘ (2) 
where thesymbols have thesamesignificance asin (1). Thisexpression, 
as Christiansen (Z. physikal. Chem., 1924, 113, 35) has suggested, 
will apply also to the case of the collisions between two solutes, but 
it will be subject to correction for the true values of co, and , which 
are somewhat affected by the presence of the solvent. 

It has been suggested (Lewis, ‘‘ A System of Physical Chemistry,” 
Vol. ITI, p. 225) that the number of collisions in the case of a bi- 
molecular reaction in solution can be calculated from the diffusion 
coefficient of the bodies involved. It is possible to show, however, 
that we obtain by this means the same result as is given by equation 
(2). If A is the mean displacement in a given direction in time +, 
then the diffusion coefficient is given by D = 4A2/+ = 3Av, where 
v is the mean velocity of displacement. If + is made equal to 
the time between successive collisions between solute molecules, 
A becomes their “‘ linear’? mean free path. Hence the number of 
collisions per second will be given by v/A. Now the actual path of 
the solute molecule between collisions is irregular owing to collisions 
with the solvent; it will be described with a mean velocity equal to 
the average thermal velocity of agitation, and the total distance 
travelled will be L, approximately equal to the mean free path L 
in a gas at the same concentration. Now since A is the algebraic 
sum of the resolved parts of the irregular path L in a given direction, 
and the resultant mean velocity v is obtained by resolving and 
summing the thermal velocity over the path Z in the same way, 
v/A = u/ZL = number of collisions calculated from gas theory. 
Calculation by the help of the diffusion theory, is, however, rendered 
impossible, since there is no way of obtaining A independently, the 
Clausius equation being inadmissible. We shall therefore use 
equation (2) in the calculation of the number of collisions in solution 
allowing for the following secondary effects of the solvent : 

(1) The free space, and therefore the concentration of the solute, 
will be affected by the actual volumes occupied by solvent molecules. 
This volume, s, can be determined from the critical data of the solvent 
or from the Clausius—Mossotti theory of dielectrics, and is of the 
order of 24 c.c. per g.-mol. for benzene. If V is the molecular 
volume of the solution, the effective concentration of a solute i 
benzene is thereby increased by the factor V/(V — s) = 1-26. 


sion, 
sted, 
, but 
vhich 


try,” 
a bi- 
usion 
rever, 
ation 
me +, 
where 
ial to 
cules, 
ber of 
ith of 
isions 
ual to 
stance 
ath L 
ebraic 
ction, 
g and 
» way, 
heory. 
idered 
ly, the 
‘e use 
lution 


solute, 
ecules. 
olvent 
of the 
lecular 


ute in 


FOR BIMOLECULAR REACTIONS IN SOLUTION. 135 


(2) Solvation. The molecular diameters of a number of solutes 
in various organic solvents have been calculated by the Stokes- 
Einstein diffusion expression by means of data obtained by Thovert 
(Ann. Physique, 1914, 2, 369), Oholm (Medd. K. Vetenskapsakad. 
Nobel.-Inst., 2, No. 24 and No. 26), Dummer (Z. anorg. Chem., 
1920, 109, 31), and Miller (Proc. Roy. Soc., 1924, A, 106, 124), and 
they have been found to vary little from solvent to solvent, and also 
to be of the same order as the value determined for gases by Rankine. 
In subsequent calculations we have taken the value of the molecular 
diameter to be 4 x 10-8 cm. for all the cases considered. 

The Discrepancy between the Observed and the Calculated Values of 
the Velocity Coefficient——The experimentally determined values of 
the critical increment, Z, now enable us to calculate the velocity 
coefficient by equation (1) corrected for solution as above : 

k= 114 x 104[V/(V — s)P x 16 x 1076 Vu? + u,2. eH/RT 
Taking the critical increment Z as 11,200 cals., we obtain the velocity 
coefficient at 30° for the reaction between p-nitrobenzyl chloride and 
trimethylamine as 1-2 x 10°, whereas that determined experi- 
mentally is 0-00219. 

The reason for this large discrepancy must undoubtedly be bound 
up with the nature of the liquid state : in the solvent, the mean free 
path is of the same order as the molecular diameter. Nearly every 
collision between potentially reactant solute molecules must there- 
fore of necessity partake of the nature of a ternary collision at least, 
in which the third body is a solvent molecule. The energy of 
collision must therefore be divided between three (at least) instead 
of only two molecules, and the solvent, according to its molecular 
structure, may take up a large or small quantity of the energy which 
would otherwise lead to chemical reaction. It may thus happen 
that the number of fruitful contacts between molecules is small com- 
pared with the number calculated from the simple bimolecular 
theory. To allow for this deactivating action of the solvent we may 
reintroduce the probability factor P into the velocity-coefficient 
equation; P therefore represents the fraction of effective to total 
collisions taking place between molecules possessing the required 
energy of activation, and is equal to 0-00219/1:2 x 105= 1-9 x 
10-8 for the above reaction. 

Other Reactions.—It appeared of interest to see how P varies from 
solvent to solvent, or in the same solvent for two similar reactions. 
The following reactions have been employed : 

I. The reactions studied above. 

II. The reaction between bromoacetophenone and _ aniline, 


C,H,‘NH, + CH,Br-CO-C,H,; = (C,H,"NH,‘CH,-CO-C,H;)Br, 
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studied by Cox (J., 1921, 119, 142) in several solvents and at more 
than one temperature. 


III. The reaction between pyridine and allyl bromide, C;H;N + 


C,H, Br = (C;H;N-C,H,)Br, studied by Hawkins (J., 1922, 124, § 802 
1170). of | 
The result of these calculations is shown in Table V. The volume ff the 
occupied by the molecules in 1 g.-mol. of solvent, S, is taken as one. § 50l' 
quarter of the volume at absolute zero, except in the cases of butyl f the 
alcohol and chloroform, where it is obtained from the Clausius- — co” 
Mossotti theory of dielectrics. We 
solv 
TABLE V. I 
Reaction and the 
solvent. Temp. S. E. k/(obs.). k(cale.). P x 10°. § dea 
III. Acetophenone... 28° 24-5 12,100 0-01040 1-84 x 104 56-4 BF trea 
L. '\ BOBBED |. o.se0ccve 30 24 11,200 0-00219 1-2 x 105 1-9 : 
TS, BeMSene 2.6505. 38 24 8,088 0-00098 2-44 x 10’ 0-004 B cr 
TET; .. Benseme © .5235..>. 28 24 14,400 0-00030 4:6 x 10? 64:8 & vet 
EXT, TOMeNe . ooeesse0e 28 216 15,100 0-00023 1:23 x 10? 187-2 of | 
II. Chloroform ...... 38 A | 10,760 0-00186 3-1 x 105 0-59 § OF © 
ET... Acetome’: ..3ésis.. 38 14 11,080 0-02690 1:6 x 105 16-8 & coll: 
TET. Acetone .....0:.. 28 14 13,600 0-00505 1-46 x 10% 356-0 
II. Nitrobenzene ... 38 21-7 13,470 0-01350 3-4 x 10% 400-0 
III. Nitrobenzene ... 28 21-7 13,300 0-01290 2-46 x« 108 524 
II. Methyl alcohol 38 7-7 12,400 0-07480 1-73 x 10 432 (1 
II. Ethyl alcohol ... 38 11-2 13,910 0-06260 1-62 x 10% 3872 
III. Ethylaleohol ... 28 11-2. 15,100 0-00251 1-19 x 10? 2100 to tl 
II. Butylalcohol ... 38 22 14,060 0-05500 1-42 x 10% 3888 (2 
II. Benzyl alcohol 38 822 14,290 0-04400 8-9 x 10? 4920 tel 
Although the three reactions considered are of the same typep ‘re 
these values of P show but little uniformity in their variation from (3 
solvent to solvent. However, they seem to be generally muchf ®t 
smaller for non-polar than for polar solvents, and uniformly high and 
for the alcohols. This may conceivably be due to the fact that the coeff 
polar solvent molecule at the moment of collision forms a momentary (4 
complex with the potentially reactant molecules, which retains the react 
energy in the system long enough for reaction to take place; theg ™P¢ 
non-polar solvent, on the other hand, must be imagined to act only (5) 
as a diluent to the energy in collisions between solute molecules, those 
reducing largely the number of effective collisions. (6) 
The Réle of the Solvent.—It is well known that variation of thef °"" 
solvent has in most cases a very great effect on the velocity of a giveng 'act 
reaction. In many cases, as, for example, in the mutarotatiot by a 
of sugars (Lowry and Faulkner, J., 1925, 127, 2883), the solvenig (7) 
itself undoubtedly enters into the reaction as an intermediate '™0 
reactant. In other cases, limiting factors, such as solubility ané mole 
ionisation of one or more of the components, may affect the coursg (8) 
of a reaction. Such cases must be separately considered on theif Probe 
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own merits. The formation of quaternary ammonium complexes, 
however, does in a general way appear to be linked up with the polar 
nature of the solvent (McCombie, Scarborough, and Smith, J., 1927, 
802), and it has been suggested that in such cases the general action 
of the solvent is due to the electrical environment it provides for 
the reacting molecules (Norrish, J., 1923, 123, 3006). A polar 
solvent may by close association create an induced polarity in 
the reacting molecules with the absorption of energy, and the 
consequent lowering of the critical increment of the reaction. 
We should therefore expect an increased velocity in the more polar 
solvents. 

The facts now presented, however, make it clear that this is not 
the only general effect, and that we must also take account of the 
deactivating effect of the solvent as represented by the factor P, 
treated in the last section. It follows that, while a solvent may 
increase the velocity of a reaction by lowering the critical increment, 
yet there is always a reverse effect, due, as we believe, to the removal 
of energy from the potentially reactant molecules at the moment of 
collision by the molecules of the solvent. 


Summary. 


(1) An attempt is made to apply the theory of kinetic activation 
to the investigation of reaction velocity in non-polar solution. 

(2) The velocity of reaction between m- or p-nitrobenzyl chloride 
and trimethylamine in benzene solution has been determined for 
three temperatures. 

(3) The difference in the critical increments of the two re- 
actions has been obtained by a comparison of their velocities 
and found to agree with that calculated from the temperature 
coefficients. 

(4) The expression for the number of collisions between dissolved 
reactants has been considered, allowance being made for the more 
important effects of the solvent. 

(5) The calculated velocity coefficients are in all cases greater than 
,f those determined experimentally. 

(6) It is suggested in explanation that the probability factor 
connecting the number of potentially reactant with the number of 
reacting molecules is not unity, as in the case of gases, but is lowered 
by a deactivating effect of the solvent. 

(7) This deactivating effect is considered to be connected with a 
removal of energy of activation by one or more of the solvent 
molecules at the moment of collision between the reactants. 

(8) The réle of the solvent is considered in the light of the 


probability factor in the reaction-velocity equation. 
F2 
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XX.—The Effect of the Constitution of a Chloro- 
amine on its Hydrolysis Constant. 


By FREDERICK GEORGE SoPER and GILBERT FREEMAN SMITH. 


THE methods available for the measurement of the hydrolysis con. §: 
stants of chloroamines have been described previously (J., 1924, 
125, 1899; 1925, 127, 98). In the present investigation, 20°, 
aqueous acetic acid (20 g. of acid in 100 c.c. of solution) was used 
‘as medium owing to its greater solvent power, which permitted 
determination of the hydrolysis constants over a much wider range 
of concentration than is possible in water. The primary and 
secondary hydrolysis constants of the standard chloroamine, 
p-toluenesulphondichloroamide, had to be redetermined in the new 
solvent, and the method was modified because the hydrolysis constant 
of chlorine therein was unknown. 

The procedure adopted was to determine the ratio of the primary 
and secondary hydrolysis constants, K, and Ky, as before from the 
apparent solubility of the dichloroamide in solutions of the sul- 
phonamide (loc. cit., 1924, p. 1903); here, a, b, and c, are the con- 
centrations in mols. per litre of unhydrolysed dichloroamide, 
monochloroamide, and free sulphonamide, respectively, and 
K,/K, = 6?/ac. The hydrolysis constant of N-chloroacetanilide 
was then determined by distillation (loc. cit., 1925, p. 101), allowance 
being made for the volatility of the unhydrolysed chloroamine.f 
This knowledge, combined with determinations of the increased 
solubility (S) of the dichloroamide in acetanilide solutions, allowed 
of the calculation of K, and K, in the following way. If the equili- 
bria existing in a saturated solution of p-toluenesulphondichloro- 
amide in aqueous acetanilide are represented by 


C,H,SO,:NCl,+—> C,H, SO,‘NHCl+ HOC! 
{ OH NHAC OH .-NClAc, 


y 
C,H,"SO,"NH, + HOCI 
the thiosulphate titre, 7’,, of the solution is given by 


7, = 4{C,H,SO,*NCl,] + 2[(C,H,*SO,-NHCI] + 2[(C,H,:NClAc] + 
2; HOC! 
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or, neglecting the last term, for reasons given in J., 1925, 127, 100, 
T, = 4a + 26 + 22, 
te. (7,—4a)\/2=—=x7+b=8 .... (I) 


where x is the concentration of the N-chloroacetanilide. The 
determination of K,/K, from the solubility determination in the 
. | sulphonamide solution gives 


b?/ac = 13-13, where a = 0-634 x 10° M . . (2) 


whilst the relation between the concentrations of sulphonamide and 
. J sulphonchloroamide requires that 


ee O-+2o 5 st ii we on e &® 
Hence from (1), (2), and (3) 
b? + 8-324 x 1036 — 4-162 x 10°S=0 . . (4) 


This allows of the calculation of b, c, and x and also of [HClO] from 
the hydrolysis constant of V-chloroacetanilide, 


[HClO] (d — x)/zx =6-70x 107. . . . (5) 


where d@ is the initial concentration of anilide, and hence of 
K, = (HC10}e/z. 

The values of K, and K, obtained in this way in 20% acetic acid 
‘Bare 5-17 x 10-7 and 3-94 x 10-5, respectively, whilst in water 
‘Fthey were 8-0 x 10-7 and 4-9 x 10-8. From these values the 
hydrolysis constants of other chloroamines can be determined 
from the apparent solubility of the dichloroamide in solutions 
of the requisite anilide (loc. cit., 1925, p. 99). [A correction 
should be made in equation (4) of that paper (p. 100) which 
‘Bshould read 2[C,H,SO,-NH,} = x—6. The alteration has no 
appreciable effect on the constants given therein, since the sul- 
_Ephonamide concentration is always very slight.] The constants 
‘Bmeasured in water are in satisfactory agreement with the values 
"Bf now obtained in aqueous acetic acid over a much wider concentration 
range. The constant for N-chloro-p-toluidide is an exception and 
the relatively high value obtained in water has been traced to a 
further decomposition and oxidation which readily occurs in neutral 
aqueous solutions (see Chattaway and Orton, J., 1900, 77, 792). 

Effect of the Acyl Radical on the Hydrolysis of the Chloroamine.— 
The hydrolysis constants of the N-chloro-derivatives of four acyl- 
anilides are given in Table I, together with the ionisation constants, 
K,, of the corresponding acids. The magnitude of the ionisation 
constant of the acid will be governed by the degree of polarisation of 
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TABLE I. 
No. of 
K, X< 107. determntns. Ka X 104. 
N-Chloroformanilide 1-26 + 0-04 4 Formic acid 2-14 
N-Chloroacetanilide 6-70 * — Acetic acid 0-186 
N-Chloropropionanilide 7-5 -- 0-27 3 Propionic acid 0-134 
N-Chlorobutyranilide 7:0 + 0-18 4 Butyric acid 0-149—0-175 


* The mean deviation from the mean has not been inserted for this case, 
which is taken as standard. It is estimated to be correct to within 10%. 


the molecule as indicated in (I) (Allan, Oxford, Robinson, and Smith, 

J., 1926, 405; Ingold and Ingold, ibid., p. 1311), being connected 
Y an 

R—C—N—Cl 


x» 
(I.) R—C—O—H (II.) 


with the degree of positiveness of the carbonyl carbon atom. If 
bivalent oxygen and tervalent nitrogen transmit the influence of 
the carbonyl] carbon atom in the same way (II), we should expect that 
the ionisation of the chloroamine into positive chlorine, and there- 
fore the hydrolysis constant of the chloroamine, would be increased 
in proportion to the increase in the ionisation constant of the acid. 
Actually an increase in the ionisation constant of the acid is attended 
by a decrease in the hydrolysis constant of the chloroamine. In- 
crease in the positiveness of the carbonyl carbon thus causes a de- 
crease of the hydrolysis of the chloroamine. 

The effect of substituents in the benzene ring on the positivity 
of a nuclear carbon atom is indicated by the ionisation constants 
of the phenols, benzoic acids, and anilines. When the effect of 
substituents in the benzene ring on the hydrolysis of the chloro- 
amine, NClAc’C,H,, is studied, it is found that an increase in this 
positivity of the nuclear carbon atom attached to the NClAc group 
causes an increase in the hydrolysis of the chloroamine. The results 


obtained for the effects of the nitro-, methyl, and chlorine groups are 
given in Table II. 
TABLE Ll. 
Sub- No.of Ky, x10" K, x 105 Ky, x 10” 
stituent. K, x 10’. deterns. for Ph-OH. forPh-CO,H. for Ph-NH,. 
H 6-7 1-1 6-0 5-0 
o-NO, 112+ 3 4 750 620 0-00015—0-0004* 
m-NO, 99+ 4 6 100 34-5 0-04 
p-NO, 324422 4 960 40-0 0-01 
o-CH, 1-1] + 0-02 5 0-63 12-0 3°3 
m-CH, 2-61 + 0-05 5 0-98 5-1 6-0 
p-CHy, 3°48 -- 0-12 4 0-67 5-1 12—20 
o-Cl 6-4 + 0-30 5 7:7 132 0-044 * 
m-Cl . 23:0 +0°5 4 15-5 0-34 
p-Cl * 164 £03 4 4-0 9-3 0-99 


* Unpublished work in collaboration with Dr. G. Williams. 
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An explanation is thus required of the singular result that positive- 
ness of the carbonyl carbon linked to nitrogen causes a decrease in 
the hydrolysis constant of the chloroamine, whilst positiveness of a 
nuclear carbon atom linked to nitrogen causes an increase in the 
hydrolysis constant of the chloroamine. 

If one regards an acyl-chloroamine as represented either by the 
formula III, or by the possible formula IV (which is suggested by 


am.) B-f~}—-e< R—-C-=N—~C€<. uy.) 
O Cl O—Cl 

unpublished work on the kinetics of the formation of acylchloro- 

amines), then increase in the positivity of either the carbonyl or the 

nuclear carbon atom should have the same effect on the hydrolysis 

constant of the chloroamine, in that either an increase or a decrease 

in this constant results. 

A possible explanation of the observations may be that a chloro- 
amine in solution consists of a tautomeric mixture of the (III) and 
(IV) forms. The effect of the positiveness of the carbonyl carbon 
is then to increase the ease with which positive chlorine can separate 
from a nitrogen atom (III), but to decrease the ease with which a 
negative OCI’ ion can separate from the carbonyl atom (IV). Since 
the induced effect of a group decreases rapidly with the distance, 
the positivity of the carbonyl! carbon will affect the ionisation of its 
attached OCI’ ion to a greater extent than it will the ionisation of 
the positive chlorine attached to nitrogen, with the result that the 
hydrolysis is decreased. Conversely, increase in the positivity of 
the nuclear carbon atom will result in an increase of the hydrolysis 
owing to the proximity of the NCI group. 


EXPERIMENTAL. 


Preparation of 20% Aqueous Acetic Acid and its Stability to 
Chloroamines.—Commercial glacial acetic acid was purified by 
distillation from chromic anhydride (Orton and Bradfield, J., 1924, 
125, 960). This acid was then diluted to approximately 20% 
with conductivity water and its strength adjusted after titration with 
3V-caustic soda, until it contained 20 g. of acetic acid per 100 c.c. 
of solution at 15°. When shielded from Jight, p-toluenedichloro- 
sulphonamide, N-chloroacetanilide, and hypochlorous acid are fairly 
stable in this medium, as is seen from Table IIT. 

Measurement of the Hydrolysis of N-Chloroacetanilide by Distill- 
ation.—The apparatus used has been previously described (loc. cit.). 
The distillate, consisting of hypochlorous acid and chloroamine, 
obtained from an M/20-N-chloroacetanilide solution in 20% acetic 
acid was 0-002177M with respect to thiosulphate. In the presence 
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TaBLE III. 
Titre of 20 c.c. of solution (in ¢.c. of N/500-thiosulphate). 
Time. HOC! soln. C,H; -NOlAc soln. C;H,-SO,-NC1, soln. 
0 hrs. 14-78 c.c. 17-12 c.c. 13-83 c.c. 
ae 14°55 ,, 17:07 ,, 13-70. ,, 
a és 14-25 ,, 17:00 ,, 13°59 ,;, 
34 =«C«s, 13-50, 16-68 ,, 13-59 ,, 


of excess acetanilide, the distillate, now consisting of chloroamine 
only, was 0-001474M. Theconcentration of hypochlorous acid in the 
first distillate is therefore 0-000703M, corresponding to a concen- 
tration of 0-00183M-hypochlorous acid in the original solution. The 
latter deduction was made graphically from the results obtained on 
distillation of hypochlorous acid solution in 20% acetic acid (Table 
IV). 
TaBLe IV. 
Distillation of hypochlorous acid solutions. 

(a) C.c. of N/500-Na,S,O, re- 

quired by 20 c.c. of solu- 

BROT) sists adgth onldsch-ceigeos 1-85 2:38 3°50 3°92 7°83 8-12 
(b) C.c. of N/500-Na,8,0, re- 

quired by 10 c.c. of dis- 

poi | IP Pane ee occ Paes 3°55 4-43 7:05 7-29 13-10 13-24 

From the concentration of free hypochlorous acid in the chloro- 
amine solution, the hydrolysis constant can be calculated. 
Solubility of p-Toluenesulphondichloroamide.—The solubility of 

p-toluenesulphondichloroamide in 20% acetic acid is 0-6343 x 10° 
mol. per litre. The solubilities in the various anilide solutions and 
in the solutions of the sulphonamide were measured in the manner 
already described (Joc. cit., 1925, p. 102). The results of two typical 
experiments are given in Table V. 


TABLE V. 
(d—2) [HOCI] 
d x 10°. 7, x 10%. bx 10% 2x I10% 8x 108. x 107. Ky x 107. 


N-Chloro-o-chloroacetanilide. 
1 4-495 0-464 0-515 0-485 7-07 6°65 
2 5-624 0-711 0:832 1-168 4-61 6-48 
4 7-179 1-034 1-287 2-713 3:17 6-69 
- 9-243 1-433 1-925 5-075 2-29 6:03 
10 10-79 1-712 2-414 7-586 1-916 6-02 
N-Chloro-o-nitroacetanilide. 
3 3-667 0-274 0-291 2-709 12-0 111+4 
5 3-975 0-346 0:373 4-627 9-48 117-6 
7 4-305 0-422 0:463 6°537 7°77 109-8 
10 4-665 0-502 0-562 9-438 6°54 109-8 
Summary. 


1. The hydrolysis constants of a number of acyl-chleroamines 
have been measured in 20° aqueous acetic acid. 
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2. Comparison of the hydrolysis constants of a series of chloro- 
amines RR’NCl, in which R’ was constant, with the ionisation 
constants of the fatty acids, ROH, shows that an increase in the 
Jatter is associated with a decrease in the hydrolysis constant of the 
chloroamine. 

3. When the acyl group R is kept constant and the aryl radical 
R’ is altered by the introduction of substituents, it is found that 
increase of the ionisation constant of the phenol, R’:OH, is attended 
by an increase in the hydrolysis constant of the chloroamine, 

4. A possible explanation, based on the assumption that an acyl- 
chloroamine consists of a tautomeric mixture of the substances 
R-C(OC1)-NR’ and R:CO-NCIR’, is advanced. 


In conclusion, we wish to express our appreciation of Professor 
K. J. P. Orton’s continued interest in this work. 


UNIVERSITY COLLEGE OF NORTH WALES, 
BANGOR. [ Received, October 27th, 1927.] 


XXI.—Researches on Residual Affinity and Co- 
ordination. Part XXX. Complex LEthylene- 
thiocarbamido-salts of Univalent and Bivalent 
Metals. 


By Grpert T. Morcan and Francis HEREWARD BURSTALL. 


THAT associating units containing unoxidised sulphur conduce to 
the stability of complex salts of univalent copper and gold was 
illustrated by the behaviour of dimethyldithiolethylene towards 
cupric and auric chlorides when unstable additive products were 
formed which passed readily into stable complex cuprous and 
aurous derivatives (Morgan and Ledbury, J., 1922, 121, 2833). 
Thiocarbamide (symbolised by tu in the following discussion) 
exerts a similar action on cupric salts, the products being, however, 
complicated by the circumstance that the base contains three 
associating foci, namely, two amino-radicals and a thiocarbonyl 
group. Owing to this dual character of thiocarbamide, its inter- 
action with cupric nitrate leads, not only to the mononuclear 
cuprous salt, [Cu,2tuJNO,,H,O, but also to more complex poly- 
nuclear derivatives, [Cu,,5tu](NO,),1 or 2H,O, [Cus,7tu}(NO,), and 
(Cu;,11tu](NO,),,8H,O0, in which substances the amino-groups of 
thiocarbamide probably serve as bridging units between the metallic 
atoms of the complex kations (Rathke, Ber., 1884, 17, 297; Rosen- 
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heim and Loewenstamm, Z. anorg. Chem., 1903, 34, 62; Kohl. 
schiitter, Ber., 1903, 36, 1151; Annalen, 1906, 349, 232). 

We have now found that such complications are minimised by 

ere . H,"NH~ ,. ; ‘ 

employing ethylenethiocarbamide, CNH (I; symbolised 
as etu), a cyclic compound in which the co-ordinating properties of 
the amino-groups of thiocarbamide are inhibited by involving 
the two nitrogen atoms in a stable five-membered ring. 

1. Ethylenethiocarbamido-cuprous Salts—By operating with 
ethylenethiocarbamide and cupric nitrate in hot aqueous solutions 
reduction to the cuprous condition occurs with elimination of sulphur; 
the colourless solution on concentration then furnishes tetrakis. 
ethylenethiocarbamido-cuprous nitrate, [Cu,4etuJNO,, a remarkably 
stable salt neutral to litmus in aqueous solution. With a smalle 
proportion of ethylenethiocarbamide, a hydrated binuclear complex 
salt is formed, which loses three-fourths of its combined water at 
110°, this change being reversed on exposing the partly de. 
hydrated salt to the atmosphere: [Cu,,5etu,H,O](NO,),,3H,0 — 
[Cu,,5etu,H,O](NO,).. The combining proportion of ethylene. 
thiocarbamide to copper is affected by the chemical nature of the 
anion as shown by the compositions of the sulphate, acetate and 
halide salts. 

When treated with aqueous alkalis, the foregoing cuprous salts 
give rise, not to cuprous oxide, but to a white, hydrous complex 
oxide which on drying has the composition [Cu,etu],O. 

2. Ethylenethiocarbamido-argentous Salts ——Ethylenethiocarban.- 
ide combines with silver salts to form co-ordination compound 
comparable with the preceding cuprous series. Two nitrates hay 
been identified, tetrakisethylenethiocarbamido-argentous — niirate, 
[Ag,4etuJNO,, and a binuclear dinitrate, [Ag,,3etu](NO,),. Silve 
chloride dissolves readily in aqueous ethylenethiocarbamide ant 
the solution yields trisethylenethiocarbamido-argentous chloride, 
[Ag,3etuJCl. The insoluble complex oxide, [Ag,etu],O, is preci 
pitated in a hydrous form by the action of alkalis on the preceding 
salts. It is noteworthy that these thiocarbamido-argentous salt 
are not photosensitive on exposure to ordinary daylight. 

3. Ethylenethiocarbamido-aurous Salts—With ethylenethiocar) 
amide, an aqueous solution of auric chloride yields at first an orang 
caseous precipitate which on boiling speedily dissolves with loss ¢j 
colour; the concentrated solution yields bisethylenethiocarbamid 
aurous chloride, [Au,2etujCl,H,O. Addition of nitric acid to th 
colourless solution gives rise to a complex nitrate, [Au,2etu]NO 
which differs from the thiocarbamido-derivative, [Au,2tu]NO,,H,! 
in being anhydrous (compare Reynolds, J., 1869, 22,1). The com 
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plex hydrated bromide, [Au,2etu]Br,H,O, is readily soluble, whereas 
the iodide, [Au,etu]I, dissolves only sparingly and the white, in- 
soluble, amorphous oxide, [Au,etu],0, corresponds with the complex 
oxides of the copper and silver series (pp. 149, 151). 

4. Ethylenethiocarbamido Salts of Bivalent Metals —Attempts to 
combine zine nitrate with ethylenethiocarbamide in aqueous or 
alcoholic solution were fruitless, although combination occurred 
with cadmium and mercury salts. The complex cadmium nitrate, 
[Cd,4etu](NO,), is readily soluble in water to a neutral solution. 

Trisethylenethiocarbamido-mercuric nitrate, [Hg,3etu}(NOs)o, which 
is neutral to litmus in aqueous solution, may be prepared by inter- 
action of ethylenethiocarbamide with either mercurous or mercuric 
nitrate, its formation in the former case being accompanied by 
elimination of mercury. The sparingly soluble complex chloride, 
3HgCl,,2etu, had already been described by Hofmann (Ber., 1873, 6, 
598). 

Lead salts do not lend themselves readily to combinations with 
ethylenethiocarbamide, but the complex dichloride, PbCl,,etu, has 
been obtained as a sparingly soluble product. 

Palladous chloride and the thio-base combine to form the orange 
tetrakisethylenethiocarbamido-palladous chloride, [Pd,4etuJCl,, a 
slightly modified procedure leading to the dark brown complex 
nitrate, [Pd,4etu](NO,),. Both salts are very sparingly soluble in 
cold water. 


Electronic Structure of Ethylenethiocarbamido Metallic Nitrates. 


Owing to its cyclic structure, ethylenethiocarbamide probably 
functions as a single associating unit in the salts under dis- 
cussion and accordingly each molecule of base contributes to the 
co-ordination complex two electrons derived from its sulphur 
atom. 

In the compounds examined, the limiting type is reached by a 
fourfold co-ordination between metal and thio-base as shown by 
the following series of nitrates: ([Cu,4etuJNO,, [Ag,4etu]NO,, 
[Cd,4etu](NO,),, [Pd,4etu](NO,),. The cuprous ion is 8 electrons 
short of the number required for the rubidium ion, but by becoming 
co-ordinated with 4 molecular proportions of cyclic thio-base it 
acquires these additional electrons. 


Cu! + 4etu = [Cu,4etu}! Rb! 
2,8,18 8 2,8,18,8 2,8,18,8. 


Similar relationships may be traced in the complex nitrates 
derived from silver and cadmium ions, the silver and cadmium com- 
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plexes being electronically equivalent to cesium and barium ions, 
respectively. 


Ag’ -|- 4etu = [Ag 4etu]' Cs" 
2,8,18,18 8 2,8,18,18,8 2,8,18,18,8 

Cd" + 4etu = [Cd,4etu]" Ball 
2,8,18,18 8 2,8,18,18,8 2,8,18,18,8. 


Experimental support for these analogies is afforded by the 
observation that these soluble complex nitrates behave like nitrates 
of the metals of the alkalis and alkaline earths in giving rise to 
neutral solutions. Moreover, a further similarity is discerned on 
determining the electrical conductivities of these aqueous solutions. 
The following table gives the molecular conductivities (in reciprocal 
ohms) of solutions containing one g.-mol. of complex nitrate in v 
litres of water at 25°: 


a 32 64 128 256 512 =: 1024 
[Cu,detuJNO, ......... 1 92:5 96 98-3 103 121 
[Ag,detuINO, ........ 81-4 892 94-1 97-8 97-2 Les 
[Cd,4etu](NO,), ...... 187-2 203-5 220-4 231-3 237-6 238 
[Au,2etuJNO, ......... 96-7 104-4 1082 110-4 109-7 111-2 
[Hg,3etu](NO,). ...... 142-7 1610 1702 1780 181 181-5 


These values for electrical conductivity show that in aqueous 
solutions the co-ordination complexes [Metal,4etu}'*™ play the part 
of compound alkali radicals. 

This electronic analogy between the ethylenethiocarbamido- 
complexes and the metallic ions of the alkalis and alkaline earths 
is not, however, fulfilled so completely in the casés of the complex 
aurous and mercuric nitrates, the electrical conductivities of which 
are inserted in the foregoing table for the purposes of comparison. 
The ethylenethiocarbamido-aurous complex is still 4 electrons short 
of the number required for the hypothetical eka-cesium and the 
mercuric complex is 2 electrons short of the number required for 
the radium ion as shown below : 


Au' + 2etu = [Au,2etu}! ekaCs! 
2,8,18,32,18, 4 2,8,18,32,18,4 2,8,18,32,18,8 

Hg! + 3etu = [Hg,3etu]# Ratt 
2,8,18,32,18 6 2,8,18,32,18,6 2,8,18,32,18,8 


Nevertheless, the two complex aurous and mercuric nitrates 
dissolve in water to neutral solutions which have high electrical 
conductivities. 

The palladous ion is 10 electrons short of the number required 
for the cesium ion and in both complex salts (nitrate and chloride) 
the metal is associated with 4 molecular proportions of ethylene- 
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thiocarbamide, so that the complex is still 2 electrons short of the 
limiting number. The complex chloride and nitrate are, however, 
of very sparing solubility, this fact suggesting a considerable degree 
of association, which persists in the presence of water. But in spite 
of low solubility, the electrical conductivity of the nitrate has been 
determined with a dilution of 1 g.-mol. in 1024 litres and found to 
be 156-6 reciprocal ohms at 25°. This result indicates that the dis- 
solved nitrate is an electrolyte having the structural formula 
[Pd,4etu}(NO,),. Moreover, cold saturated solutions of the nitrate 
and chloride, although very dilute, give ionic reactions with “ nitron”’ 
acetate and silver nitrate respectively. 


ExPERIMENTAL. 


Ethylenethiocarbamide, melting at 194°, was prepared according 
to Hofmann’s method (Ber., 1872, 5, 240). 


1. Ethylenethiocarbamido-cuprous Salts. 


T'etrakisethylenethiocarbamido-cuprous Nitrate, [Cu,4etu]JNO,.— 
On mixing warm aqueous solutions of 5-0 g. of ethylenethiocarb- 
amide and 2:5 g. of cupric nitrate, a green colour was developed which 
rapidly faded ; and the colourless liquid became opaque owing to the 
separation of sulphur. The filtrate on concentration and cooling 
deposited long, colourless, prismatic crystals, which were purified 
by recrystallisation from warm water (Found: C, 27-0; H, 4:8; 
N, 23-3; 8, 24:3; Cu, 11-9. C,.H,,0,N,8,Cu requires C, 27-0; 
H, 4:5; N, 23-6; S, 24-0; Cu,11-9%). This complex nitrate, which 
melted to a colourless liquid at 140—141°, was readily soluble in 
water to neutral and stable solutions, but insoluble in the common 
organic media. An aqueous solution gave a brown, colloidal 
suspension with hydrogen sulphide or yellow ammonium sulphide, 
cuprous sulphide being precipitated on warming. Caustic soda 
and sodium carbonate in the cold produced flocculent precipitates 
changing to a white, granular oxide on boiling. Ammonium 
hydroxide caused the separation of a white solid in concentrated 
but not in dilute solutions of the complex nitrate; a blue colour was 
slowly developed in both cases. Hydrochloric acid gave an imme~ 
diate precipitate, soluble on warming and crystallising on cooling 
to a felted mass of white needles. Dilute nitric acid slowly pro- 
duced a white crystalline deposit. Disodium hydrogen phosphate 
had no action in the cold, but on warming a white precipitate was 
formed which redissolved on cooling. Both potassium ferrocyanide 
and ferricyanide gave amorphous deposits, the former, a white solid 
decomposed on boiling and the latter, a reddish-brown solid un- 
affected by warming. Sodium cyanide and potassium iodide 
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precipitated white solids, the former soluble in excess of reagent but 
not on boiling, whereas the latter dissolved on heating but was un- 
affected by excess of iodide. These chemical reactions and the 
insolubility in organic media are properties also characteristic of the 
following cuprous salts. 

Monoaquopentaethylenethiocarbamido-dicuprous Nitrate Trihydrate, 
[Cu,,5etu,H,O](NO,),,3H,O.—On adding aqueous cupric nitrate 
(2-5 g.) to a warm solution of ethylenethiocarbamide (3-0 g.), a 
colourless liquid was obtained with deposition of sulphur. After 
evaporation and cooling, large, white, six-sided, prismatic crystals 
separated which were recrystallised and air-dried (Found: C, 21-7, 
21-6; H, 4-8, 4:5; N, 20-2; S, 18-8; Cu, 15-1. C,;H,,0,9N,.S;Cu, 
requires C, 21-6; H, 4-6; N, 20-2; 8, 19-2; Cu, 15-25%). 

This complex nitrate melted to a colourless liquid at 145—146°. 
Its freshly prepared aqueous solution was colourless and neutral 
to litmus, but soon oxidised when exposed to air. When this 
hydrated salt was left over sulphuric acid, it lost three molecules of 
its combined water, leaving a white residue of monoaquopentaethylene- 
thiocarbamido-dicuprous nitrate, [Cu,,5etu,H,O](NO;), (Found: C, 
22-6; H, 4:3; N, 22-1; S, 19-8; Cu, 16-3. C,;H,,0,N,.S,;Cu, 
requires C, 23-1; H, 4:1; N, 21-6; 8, 20-6; Cu, 16-39%. Found: 
loss of water, 6-2. Calc. for 3H,0, 6-3%). This dehydrated salt was 
exceedingly hygroscopic and was also easily oxidised, becoming 
green on keeping. 

Trisethylenethiocarbamido-cuprous Sulphate, [Cu,3etu],SO,— An 
aqueous solution of cupric sulphate (2-5 g.) and ethylenethio- 
carbamide (5-0 g.) was heated until colourless; the sparingly 
soluble sulphate separated in almost quantitative yield on cooling, 
and was recrystallised from hot water containing ethylenethio- 
carbamide. Colourless, three-sided prisms separated which were 
washed with water and dried over sulphuric acid (Found : C, 25-9; 
H, 4:5; N, 20-5; 8, 27-5; Cu, 15:2. C,.H,,0,N,.S,;Cu, requires 
OC, 25:8; H, 43; N, 20-1; 8, 26:8; Cu, 15-2%). This complex 
sulphate was quite stable in air, but when heated it blackened at 
240° and melted with decomposition at 251°. Barium chloride gave 
an immediate precipitate with aqueous solutions of the complex 
sulphate, showing that this salt was ionised in aqueous media. 

Trisethylenethiocarbamido-cuprous Acetate, [Cu,3etuJC,H,O,, 
separated, when a warm decolorised solution of its generators was 
cooled, in colourless, elongated plates and was recrystallised from 
water containing ethylenethiocarbamide (Found: N, 19-5; 8, 22-3; 
Cu, 14-9, 15-0. C,,H,,O,N,S,Cu requires N, 19-6; 8S, 22-4; Cu, 
14:8%). This complex acetate was stable in air, but on heating 
it decomposed with blackening at 250—255°. It was fairly soluble 


in warm water, the solution being neutral to litmus and stable on 
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boiling. 

Bisethylenethiocarbamido-cuprous Chloride [Cu,2etu]Cl.—Freshly 
prepared cuprous chloride (1-0 g.) was dissolved in a hot aqueous 
solution of ethylenethiocarbamide (3-0 g.), and the filtrate evaporated 
to 70 c.c.; transparent, rhombic crystals were then deposited 
(Found: C, 23-5; H, 4:2; N, 18-3; 8, 21-5; Cl, 11-3; Cu, 20-6. 
C,H,.N,CIS,Cu requires C, 23-7; H, 4:0; N, 18-5; 8S, 21-15; 
Cl, 11-7; Cu, 210%). The complex chloride melted to a colourless 
liquid at 166—167°. Although soluble in aqueous ethylenethio- 
carbamide, this salt decomposed in pure water; the crystals became 
opaque and a large part of the complex chloride remained undis- 
solved, even on boiling. 

The complex bromide, [Cu,2etu]Br, crystallised in small clumps of 
transparent, glistening rhombohedra (m. p. 162—163°), which were 
recrystallised from aqueous ethylenethiocarbamide (Found: C, 
20-4; H, 3-9; N, 166; S, 17-85; Br, 22:8; Cu, 18-55. 
C,H,.N,BrS,Cu requires C, 20-7; H, 3-5; N, 16-5; 8S, 18-4; Br, 
23:0; Cu, 18-3%). 

The complex iodide, [Cu,2etu]I, after recrystallisation from aque- 
ous ethylenethiocarbamide, was obtained as a white, crystalline 
powder, m. p. 160—161° (Found: C, 18-6; H, 3-4; N, 140; 
S, 15-8; I, 31-8; Cu, 15-75. C,H,,N,IS,Cu requires C, 18-2; 
H, 3-1; N, 14:2; 8, 16-2; I, 32-15; Cu, 16-1%). 

Ethylenethiocarbamido-cuprous Oxide, [Cu,etu],0.—The flocculent 
white precipitate produced on adding excess of aqueous sodium 
hydroxide to a cold solution of tetrakisethylenethiocarbamido- 
cuprous nitrate was rendered granular by heating the turbid mixture 
to boiling. The segregated deposit was washed with hot water until 
free from alkali salts and dried over sulphuric acid (Found : C, 21-5, 
21:2; H, 3-6, 3-5; N, 16-9; S, 18-2; Cu, 37-0. C,H,,ON,S,Cu, 
requires C, 20:7; H, 3-5; N, 16-5; 8S, 18-5; Cu, 366%). This 
complex oxide, which darkened at 180° and decomposed without 
melting at 200°, was a white powder very slowly becoming tinged 
with blue on exposure to air. It dissolved in warm dilute hydro- 
chloric and sulphuric acids to solutions which deposited crystalline 
complex cuprous salts on cooling. Dilute nitric acid and sodium 
cyanide both had a solvent action, but the oxide was insoluble in 
ammonia although slowly oxidised in contact with this reagent. 

Pentathiocarbamido-dicuprous Cyanate Hydrate, 

[Cu,,5tu](CNO),,H,0. 
—When ‘excess of a concentrated aqueous solution of potassium 
cyanate was added to aqueous cupric sulphate saturated with sulphur 
dioxide, a white crystalline double salt was deposited approximat- 
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ing in composition to the formula Cu,K(CNO),. This compound 
when triturated with a cold concentrated solution of thiocarbamide, 
dissolved to a solution from which colourless tufts of acicular 
crystals separated (Found: ©, 13:7; H, 3-5; N, 27-4; 8S, 26-85; 
Cu, 20-8. C,H. 0,N,.5;Cu, requires C, 13-8; H, 3-6; N, 27-6; 
S, 26-3; Cu, 20-85%). The complex cyanate, which decomposed 
at 135°, was soluble in water but insoluble in organic solvents. Its 
aqueous solution slowly decomposed in the cold and very rapidly 
on warming, giving cuprous sulphide. Cold aqueous caustic soda 
solution produced an immediate black precipitate. 


2. Ethylenethiocarbamido-argentous Salts. 


Tetrakisethylenethiocarbamido-argentous Nitrate, [Ag,4etu]NO,.— 
A warm aqueous solution of 1-7 g. of silver nitrate and 4-0 g. of 
ethylenethiocarbamide deposited, on cooling, radiating clusters of 
colourless acicular prisms, which were recrystallised from a small 
amount of water (Found: C, 24-6, 24:75; H, 4-6, 5:1; N, 22-2; 
S, 22:1; Ag, 18-6. C,,H,,0,N,S,Ag requires C, 24-9; H, 4:2; 
N, 21-8; 8S, 22-2; Ag, 18-7°%). This complex nitrate, which melted 
to a colourless liquid at 96—97°, was readily soluble in water and 
slightly soluble in alcohol, but insoluble in other organic media. 
With potassium iodide, the nitrate gave a white precipitate, decom- 
posed on boiling and leaving a residue of silver iodide. These 
chemical reactions are also characteristic of the series of silver salts, 
except that the following compounds are insoluble in alcohol and 
other organic media. 

Trisethylenethiocarbamido-diargentous Nitrate, [Ag,,3etu](NO,)..— 
When an aqueous solution of silver nitrate (1-7 g.) was added to a 
solution of ethylenethiocarbamide (2-0 g.) in 400 c.c. of water, an 
amorphous, white precipitate was deposited which readily redis- 
solved on heating. On slow cooling, the liquid became filled with a 
mass of felted, colourless, silky needles which, being only sparingly 
soluble, required a large volume of hot water for recrystallisation 
(Found: ©, 17-15, 17-2; H, 3-35, 3-1; N, 17-8; 8, 15-2; Ag, 33-1. 
CyH,,0,N,8,Ag. requires C, 16-7; H, 2-8; N, 17:3; 8S, 149; 
Ag, 33-4%). The salt blackened at 200° and decomposed with 
explosive violence at 224°. 

Trisethylenethiocarbamido-diargentous persulphate, [Ag,,3etu]S,Ox, 
was obtained as a colourless crystalline precipitate when a cold 
concentrated solution of potassium persulphate was added to a cold 
aqueous solution of tetrakisethylenethiocarbamido-argentous 
nitrate (Found: C, 14-6; H, 2-8; N, 11-9; 8, 23-0; “Ag, 29-9. 
C,H,,0,N,S;Ag, requires C, 15:1; H, 2-55; N, 11-8; 8S, 22-4; 
Ag, 30:2%). The complex persulphate was quite stable in air; it 
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darkened at 160° and melted with decomposition at 205°. The 
sparingly soluble complex salt was slowly decomposed by warm 
water. It liberated iodine from acidified potassium iodide. 

Trisethylenethiocarbamido-argentous Chloride, [Ag,3etuJCl.— 
A freshly prepared sample of silver chloride (1-4 g.) was dissolved in 
an aqueous solution of ethylenethiocarbamide (3-0 g.). The hot 
solution, when filtered, evaporated and cooled, deposited a mass of 
small white needles. This readily soluble complex chloride was 
recrystallised from hot water (Found: C, 24-4; H, 4:2; N, 19-0; 
8, 21-8; Cl, 7-7; Ag, 23:5. C,H,,N,CIS,Ag requires C, 24-0; H, 
4:0; N, 18-7; S, 21-4; Cl, 7-9; Ag, 240%). This complex silver 
salt was very stable and quite unaffected by light. It melted to a 
colourless liquid at 167—168°. 

Bisethylenethiocarbamido-argentous bromide, [Ag,2etu]Br, was pre- 
pared in a similar manner to the foregoing chloride, but it was found 
necessary to add ethylenethiocarbamide in order to obtain complete 
solution during recrystallisation (Found: C, 18-7; H, 3-5; N, 14-0; 
8, 16-0; Br, 20-3; Ag, 27-4. C,H,.N,BrS,Ag requires C, 18-4; 
H, 3-1; N, 14:3; 8, 16-4; Br, 20-4; Ag, 27-5%). The complex 
bromide, obtained in short, prismatic crystals, melted at 152° and 
was only sparingly soluble in water even on boiling. It resembled 
the corresponding cuprous bromide complex in the loss of its 
crystalline appearance in these circumstances (p. 149). 

Ethylenethiocarbamido-argentous Iodide, [Ag,etu]I—Owing to the 
insolubility of silver iodide in aqueous ethylenethiocarbamide, a 
modified method had to be used for the isolation of a complex silver 
iodide derivative. Potassium iodide was added in slight excess to 
an aqueous solution of tetraethylenethiocarbamido-argentous 
nitrate. The microcrystalline precipitate was filtered off, washed 
with a little cold water, and dried over sulphuric acid (Found: 
N, 7:3; 8, 8-8; I, 38-8; Ag, 33-7. C,H,N,ISAg requires N, 8-3; 
8, 9-5; I, 37-7; Ag, 320%). The poor analytical results obtained 
for this complex iodide were due to dissociation during washing. 
This sparingly soluble salt melted at 162° to a yellow liquid. 

Ethylenethiocarbamido-argentous Oxide, [Ag,etu],0.—Pure aqueous 
sodium hydroxide was added in slight excess to a boiling solution of 
tetrakisethylenethiocarbamido-argentous nitrate. The white 
granular precipitate was washed free of alkali salts with hot water 
and dried in a vacuum over sulphuric acid (Found: C, 16-7; H, 2-9; 
N, 12-6; 8, 14:5; Ag, 50-1. C,H,.ON,S,Ag, requires C, 16-5; 
H, 2-8; N, 12-85; 8, 14-7; Ag, 49-5%). This complex oxide slowly 
decomposed on keeping, its surface becoming brown and finally 
black ; it darkened at 120° and decomposed at 170°. It dissolved 
readily in warm dilute hydrochloric and sulphuric acids, the solutions 
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giving crystalline salts on cooling. Dilute nitric acid and sodium 
cyanide also exercised a solvent action in hot solutions. 


3. Ethylenethiocarbamido-aurous Salts. 


Bisethylenethiocarbamido-aurous Nitrate, [Au,2etu]NO,.—An aque. 
ous solution of auric chloride, HAuCl,,3H,O (2-0 g.) was added to 
one of ethylenethiocarbamide (2-0 g.). The orange precipitate at 
first formed, immediately redissolved on warming and the solution 
became colourless. Dilute nitric acid was then added in slight excess 
and white feathery crystals separated on cooling (Found : C, 15-85; 
H, 2-75; N, 14-9; S, 14:2; Au, 42:3. C,H,,0,N,S,Au requires 
C, 15-5; H, 2-6; N, 15-1; 8, 13-8; Au, 42-55%). The complex 
nitrate melted with decomposition at 173°. It was soluble in water 
and in warm alcohol, giving stable and neutral solutions in both 
solvents, but insoluble in ether, acetone, benzene, and chloroform. 
Caustic soda, sodium carbonate, and ammonium hydroxide all 
gave white precipitates with a solution of this complex nitrate. 
Sodium cyanide and potassium iodide produced white solids, the 
former soluble in excess of reagent, whereas the latter decomposed on 
boiling. Hydrogen sulphide formed a yellow, colloidal suspension of 
aurous sulphide, precipitated by heat. Potassium ferrocyanide 
gave a white salt which changed on heating to yellow, green, and 
finally blue. The complex nitrate was not reduced to colloidal gold 
by formaldehyde. 

Bisdiethylenethiocarbamido-aurous Chloride Hydrate, 

[Au,2etu]Cl,H,0. 

—On warming an aqueous solution containing equal parts of auric 
chloride, HAuCl,,3H,O, and ethylenethiocarbamide, the liquid 
became decolorised and turbid. The concentrated filtrate deposited 
pearly plates, which were recrystallised from water and dried over 
sulphuric acid (Found : C, 16-1; H, 3-5; N, 12-7; 8, 14-55; Cl, 7-6; 
Au, 42-9, 43:0. C,H,,ON,CIS,Au requires C, 15-8; H, 3-1; N, 12:3; 
S, 14:1; Cl, 7-8; Au, 43-3%). This complex chloride became yellow 
at 210° and melted with decomposition at 242°. When the salt was 
maintained at 110°, water was eliminated, leaving a residue of 
anhydrous bisethylenethiocarbamido-aurous chloride, [Au,2etu]Cl 
(Found : loss, 4-1. Cale. for 1H,0O, 4.0%). The chloride was easily 
soluble in water and alcohol but insoluble in other organic media. 

Bisethylenethiocarbamido-aurous Bromide Hydrate, 

| Au,2etu]Br,H,0. 
—The white precipitate produced by adding excess of sodium hydr- 
oxide to an aqueous solution of the preceding complex chloride was 
dissolved in warm, dilute hydrobromic acid containing ethylenethio- 
carbamide. The cooled solution yielded colourless needles of the 
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complex bromide, which were recrystallised from warm water and 
dried over calcium chloride (Found : Au, 39-75. C,H,,ON,BrS,Au 
requires Au, 39:5%). This complex bromide, which was readily 
soluble in alcohol, melted in its water of crystallisation at 100°, then 
resolidified and melted again to a colourless liquid at 191°. When 
left over sulphuric acid, it became dehydrated into bisethylenethio- 
carbamido-aurous bromide, [Au,2etu]Br, which reverted to the mono- 
hydrate on exposure to the atmosphere (Found: C, 15-3; H, 2-9; 
N, 11-9; Br, 16-3; Au, 40-5.. C,H,.N,BrS,Au requires C, 15-0; 
H, 2:5; N, 11-6; Br, 16-6; Au, 41-0%. Found: loss on drying, 
3:3. Required for 1H,O, 3-6 %). 

Ethylenethiocarbamido-aurous iodide, [Au,etujl, separated as a 
sparingly soluble, white powder, melting with decomposition at 
225°, on addition of potassium iodide to an aqueous solution of the 
complex chloride (Found: C, 8-7; H, 1-7; N, 6-8; I, 30-1; Au, 46-0. 
C,H,N,ISAu requires C, 8-45; H, 1-4; N, 6-6; I, 29-8; Au, 46.4%). 

Ethylenethiocarbamido-aurous Oxide, [Au,etu],O.—Pure caustic 
soda added in slight excess to an aqueous solution of aquobis- 
ethylenethiocarbamido-aurous chloride produced a white, flocculent 
precipitate, which was granulated by boiling and washed thoroughly 
with hot water until free from alkali salts (Found : C, 11-45; H, 2-1; 
N, 9:3; 8S, 10-5; Au, 64:8. C,H,,ON,S,Au, requires C, 11-7; 
H, 2-0; N, 9-1; S, 10-4; Au, 64:2%). This complex aurous oxide 
blackened at 200° and became blue on exposure. It differed from 
the corresponding cuprous and silver oxides in being decomposed 
by dilute mineral acids. Although unaffected by dilute alkali, it 
was readily soluble in warm sodium cyanide solution. 

Bisthiocarbamido-aurous Nitrate Hydrate, [Au,2tuJNO,,H,0.— 
Dilute nitric acid added to a solution of auric chloride decolorised by 
thiocarbamide produced an amorphous, white precipitate ; this dis- 
solved in warm water and separated again in an amorphous con- 
dition, but gradually redissolved and was replaced by lustrous, 
colourless crystals, which were air-dried (Found: C, 5-4; H, 2-5; 
N, 16:1; S, 15-4; Au, 45-8. C,H,,0,N,S,Au requires C, 5-6; 
H, 2:3; N, 16-3; 8S, 14:9; Au, 45-99%). This complex nitrate, 
although stable in air, was slowly decomposed by light; it decom- 
posed at 155°. It was readily soluble in alcohol but not in other 
organic media. The aqueous solution decomposed slightly on 
boiling. Caustic soda gave a yellow precipitate in the cold but, on 
warming, this rapidly darkened. When desiccated over sulphuric 
acid, this complex nitrate lost water, leaving an opaque residue of 
bisthiocarbamido-aurous nitrate, [Au,2tuJNO, (Found: C, 5-75; 
H, 2-1; Au, 48-0. C,H,O,N,;S,Au requires C, 5-8; H, 2-0; Au, 
47-9%. Found : loss, 4-5. Cale. for 1H,O, 4.2%). 
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4. Ethylenethiocarbamido Salts of Bivalent Metals. the 
Tetrakisethylenethiocarbamido-cadmium ‘nitrate, [Cd,4etu](NO,), § 
separated in large, tabular crystals on concentrating an aqueous 24:8 
solution of cadmium nitrate (3-0 g.) and ethylenethiocarbamide — '°4' 
(4-0 g.) and was recrystallised from water until colourless (Found : Thi 
O, 22-9; H, 4-1; N, 21-5; 8, 19-8; Cd, 17-2. C,,H,,0,N,,8,Cd § 
requires C, 22-3; H, 3-75; N, 21-7; 8, 19-9; Cd, 17-4%). The § 


complex nitrate melted at 178° and was quite stable in air. It was 
insoluble in organic media and its aqueous solution gave gelatinous 
precipitates with caustic soda and sodium carbonate, and cadmium 
sulphide with hydrogen and ammonium sulphides. 

Bisethylenethiocarbamido-cadmium chloride, [Cd,2etu]Cl,, crystal- 
lised from a large volume of water in sparingly soluble, colourless, 
prismatic needles (Found: C, 18-8; H, 3-55; N, 15-0; S, 16-4; 
Cl, 17-9; Cd, 28-6. C,H,,N,Cl,S,Cd requires C, 18-6; H, 3-1; 
N, 14:5; 8S, 16-5; Cl, 18-3; Cd, 29-0%). This complex chloride, 
which melted to a yellow liquid at 220°, was neutral to litmus in 
aqueous solution. 

The complex bromide, [Cd,2etu]Br,, crystallised in flat, colourless 
plates (Found: C, 15-1; H, 2-5; N, 11-5; 8, 13-2; Br, 33-6; Cd, 
23-75. C,H,.N,Br,8,Cd requires C, 15-1; H, 2-5; N, 11-8; 8S, 13-5; 
Br, 33-5; Cd, 23-55%). This salt, which melted to a yellow liquid at 
208°, was more soluble in water than the corresponding chloride. 

The complex iodide, [Cd,2etu]I,, crystallised from aqueous solu- 
tion in white opaque needles (Found: C, 13-0; H, 2-2; N, 10-0; 
S, 11-5; I, 44-2; Cd, 19-5. C,gH,.N,I,8,Cd requires C, 12-6; 
H, 2:1; N, 9-8; S, 11-2; I, 44-5; Cd, 19-7%). This salt, the most 
soluble of the three halides, melted to a colourless liquid at 165°. 

Ethylenethiocarbamido-plumbous chloride, [Pb,etu]Cl,, a sparingly 
soluble compound, crystallised in colourless plates when a hot solu- 
tion of lead chloride in aqueous ethylenethiocarbamide was cooled. 
It melted to a yellow liquid at 183° (Found: C, 9-6; H, 1-75; N, 
7-45; 8, 8-7; Cl, 18:5; Pb, 54-6. C,H,N,CLSPb requires C, 9-5; 
H, 1-6; N, 7-4; S, 8-4; Cl, 18°7; Pb, 545%). 

Trisethylenethiocarbamido-mercuric nitrate, [Hg,3etu}(NOg),, 
separated in colourless rhombic plates on concentrating an aqueous 
solution containing two parts of mercuric nitrate and three of 
ethylenethiocarbamide ; it decomposed at 196° (Found: N, 17-55; 
S, 14:9; Hg, 32-0. C,H,,0,N,S,Hg requires N, 17-8; S, 15-25; 
Aig, 31-8%). Aqueous caustic soda produced a flocculent white 
precipitate, but the nitrate was unaffected by dilute mineral acids. 

Tetrakisethylenethiocarbamido-palladous Chloride, [Pd,4etu]Cl,— 
On cooling a boiling aqueous solution of ethylenethiocarbamide to 
which a third of its weight of palladium chloride had been added, 
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the complex chloride separated in lustrous orange spangles, which 
were recrystallised fromi a large volume of hot water (Found: C, 
24-8; H, 4-3; N, 19-75; S, 22-2; Cl, 11-9; Pd, 18-6. C,.H,,N,Cl,8,Pd 
requires C, 24-6; H, 4:1; N, 19-1; S, 21-9; Cl, 12-1; Pd, 18-2%). 
This complex chloride blackened at 210° and melted at 270°. It 
was insoluble in organic media, but in aqueous solution, caustic and 
carbonated alkalis gave yellow, amorphous precipitates; potassium 
iodide developed a deep red coloration, and palladium sulphide was 
precipitated in warm solutions by hydrogen or ammonium sulphide. 
A cold saturated solution of the chloride containing less than 0-01% 
of dissolved substance gave slowly an appreciable precipitate with 
silver nitrate. In warm concentrated solutions precipitation was 
rapid and copious. 

Tetrakisethylenethiocarbamido-palladous Nitrate, [Pd,4etu](NOg)o. 
—Aqueous palladium chloride (1-7 g.) was added to ethylenethio- 
carbamide (2-0 g.) dissolved ‘in dilute sodium hydroxide solution 
and the resulting brown precipitate was dissolved in 500 c.c. of 
water containing 15 c.c. of 2N-nitric acid and 4 g. of ethylenethio- 
carbamide. The complex nitrate separated in almost black nodules 
on cooling and was recrystallised from a large volume of hot water 
(Found: N, 22-0; Pd, 16-7. C,,.H,,0,N,)8,Pd requires N, 21-9; 
Pd, 16-7%). The nitrate melted with decomposition at 235°; it 
was only sparingly soluble in alcohol and insoluble in other organic 
solvents. With aqueous “ nitron ”’ acetate a cold saturated solution 
of the complex nitrate containing 0-012% of dissolved substance 
slowly gave a crystalline precipitate of “nitron”’ nitrate, precipit- 
ation being immediate and copious in hot, concentrated solutions. 


CHEMICAL RESEARCH LABORATORY, 
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XXII.—Observations on the Chlorination Products of 
BB’-Dichlorodiethyl Sulphide. 


By Srantey Avcustus Mumrorp and JoHN WILLIAM COLE 
PHILLIPS. 


In the course of other investigations, it was necessary to prepare the 
compounds described by Mann and Pope (J., 1922, 121, 594) as 
«38’-trichloro-, «888’-tetrachloro-, and ««8888’-hexachloro-diethyl 
sulphides, obtained by the chlorination of $’-dichlorodiethy] 
sulphide (CH,Cl-CH,),S. 

All three compounds as formulated above contain an, «-chlorine 
atom. Now it is a well-known fact that the «-halogen atoms in 
«-halogen-substituted alkyl ethers are only very loosely attached, 
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and extension of this general statement to include «-halogenated 
alkyl sulphides would appear to be justifiable from numerous 
observations recorded in the literature. For example, according to 
Mann and Pope (J., 1923, 123, 1172), ««’-dichlorodiethyl sulphide 
(CH,°CHCl),S, is considerably less stable than the $’-isomeride, 
Peters and Walker (Biochem. J., 1923, 17, 272) have found that 
ao’-dichlorodimethyl sulphide is very readily hydrolysed, and Bales 
and Nickelson (J., 1922, 124, 2137; 1923, 123, 2486) have shown 
that, in general, «-halogenated ethyl sulphides are unstable and 
decompose on keeping. 

Of the tri-, tetra-, and hexa-chloro-derivatives described by Mann 
and Pope, the last is considerably hydrolysed by boiling with water 
for 15 minutes, whereas the first two resist hydrolysis under similar 
conditions. The general stability characteristic of the compounds § 
described as «(@’-tri- and «88$’-tetra-chlorodiethyl sulphides was 
therefore remarkable, and the anomaly appeared to merit further 
investigation. 

The percentage of hydrogen found for these compounds by Mann 
and Pope (see Table I) is considerably too low for «88’-trichloro- and 
«886’-tetrachloro-diethyl sulphide, but correct for the hexachloro- 
compound. £(’-Dichlorodiethyl sulphide itself gives correct 


TABLE I 
Carbon and Hydrogen Analyses. 


% Found. 


Mann and Present 
% Required. Pope. authors. 
Compound. C. H. A C. H. 
BB’-Dichlorodiethyl sulphide, 30-2 , 30-350 
C,H,C1,8 
aBp’-Trichlorodiethy1 sul- 24-8 
phide, C,H,Cl,S 
aBp’-Trichlorodiethyl sul- 
phide, less two H atoms, 
C,H,Cl1,8 
aBf’-Trichlorodiethyl sulph- 
oxide, C,H ,OCI,S 
aBfp’-Tetrachlorodiethyl sul- 
phide, C,H,C1,S 
aBBp’-Tetrachlorodiethyl sul- 21-2é 
phide, less two H atoms, 
C,H,C1,8 
aBBB’-Tetrachlorodiethyl 19-7 : 19-6 
sulphoxide, C,H,OCI1,S 
aaBBBp’-Hexachlorodiethyl 16-2 . 16-3 
sulphide, C,H,Cl,S 


hydrogen analyses, and this fact, coupled with the correct analysis 
given for the hexachloro-compound, again places the tri- and the 
tetra-chloro-compound in an anomalous position. Further, 
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2#88’-trichloro- and «88'-tetrachloro-diethyl sulphoxide give, accord- 
ing to Mann and Pope, hydrogen analyses agreeing with those 
demanded by theory. These sulphoxides, however, were not 
prepared from the corresponding sulphides by oxidation, but were 
obtained from @'-dichlorodiethyl sulphoxide, (CH,Cl-CH,),SO, by 
chlorination with hypochlorite solution. 

As shown in Table I, we have repeated the carbon and hydrogen 
analyses of the tri-, tetra-, and hexa-chloro-compounds and have 
obtained values agreeing with those of Mann and Pope. It would 
seem, therefore, that the lowness of the observed hydrogen content 
of the tri- and the tetra-chloro-compound can be explained only on 
the assumption that these two substances actually do contain less 
hydrogen, and that they have in fact the empirical formule 
7 C,H;Cl,S and C,H,Cl,8, respectively, instead of the formule 
(,H,Cl,S and C,H,C1,S assigned to them by Mann and Pope. 

The chlorine content of the compounds calls for some comment. 
The compound C,H,Cl,8 requires 55-0% of chlorine, C,H,Cl,S 
62-2%, C,H,Cl,S8 55-6%, and C,H,Cl,8 62-8%. Analyses made by 
us show that the tri- and the tetra-chloro-compound actually 
contain 55-6% and 62-8% of chlorine, respectively, and not 55-0% 
and 62:2° as stated by Mann and Pope. The lower percentages of 
chlorine are, however, readily and repeatedly obtainable, since, 
owing to the great stability of the two compounds, it is only by the 
most protracted heating that the last traces of chlorine can be 
removed from them when the halogen is being estimated by the 
Carius method. The tetrachloro-compound gave 62-1% of chlorine 
after being heated at 300° for 12 hours, 62-4% after 20 hours, and 
62-79% after about 60 hours. A concurrent blank experiment 
showed that this increase was not due to removal of halogen from 
the glass of the bomb tube itself. 

Ultimate analysis thus appears to indicate that the tri- and 
the tetra-chloro-compound in question contain two hydrogen 
atoms less than stated by Mann and Pope, and it is suggested 
that they are the vinyl derivatives (I) CH,Cl-CH,°S-CCL:CHCl 
(or CH,Cl-CH,*S:CH°:CCl,) and (II) CH,Cl-CH,°S-CCICCl, respec- 
tively. Compounds of this type, containing an accumulation of 
halogen atoms around a double bond, should be less readily 
hydrolysed than the corresponding saturated compounds. 

Further support for these constitutions is afforded by the be- 
haviour of the substances towards concentrated sulphuric acid. 
Both the tri- and the tetra-chloro-compound give deep red color- 
ations, visible at very great dilutions, on treatment with this reagent, 
whereas the di- and the hexa-chloro-compound give negative results. 

The presence of a double bond in the tri- and the tetra-chloro-com- 
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pound is confirmed by a study of their parachors. From the values 
given by Sugden (J., 1924, 125, 1177, 1525, and subsequent papers), 
for the atomic and structural constants it is evident that the decrease 
in parachor resulting from the loss of two hydrogen atoms is greater 
than the increase due to the consequent introduction of a non-polar 
double bond, or the formation of a three-, four-, or five-membered 
ring. The observed values of the parachors (Table II) are con. 
siderably less than those calculated for the compounds C,H,(I,§, 


TABLE II. 
Calculated and Observed Parachors. 


The calculated parachors are obtained by the summation of the 
requisite atomic and structural constants (Sugden, loc. cit.), and the 
observed parachors from the expression M x yt/D, where M is the 
assumed molecular weight, y the surface tension and D the density, 
both at the same temperature, 


Formula. [P] calc. M. [P] obs. 
Trichloro-compound. 
BM! Scns tu'oap tect tivo susnseasannpeeeornen’ 350-0 193-5 341:9 
C,H,Cl,S containing : 
(a) 5-membered ring  .......seceseeeveeees 324-3 
(6) 4-membered ring os 327°4 : ’ 
(c) 3-membered ring 332-5 191-6 ati 
(d) non-polar double bond ............06 339-0 
T etrachloro-compound. 
CIEE xsivextnusidencesergessscunerdernennnten 387-2 228-0 377°4 
C,H,C1,8 containing : 
(a) 5-membered ring ..........egeoseseses 361-5 
(BD) S-OR OPC FINE cesncscssssvesscceess 364-6 7 ’ 
(c) Semembered ‘Ting ..)....6.. 000d c00008% 369-7 226-0 374-1 
(d) non-polar double bond ............... 376-2 


and C,H,Cl,8, and are, within the limits of experimental accuracy, 
identical with those required for the compounds C,H;Cl,S and 
C,H,C1,8, each containing a non-polar double bond, 7.e., for com- 
pounds having the structural formule (I and II) suggested above. 
Association does not account for the lowness of the experimental 
values, for the liquids have normal molecular weights, determined 
eryoscopically in benzene. Differentiation in this way between the 
alternative formule for the trichloro-compound is not possible, since 
position isomerism has no effect on the magnitude of the parachor. 

Finally, the gradation of other physical properties in the series 
23’-dichlorodiethyl sulphide—trichloro-compound-tetrachloro-com- 
pound is more in harmony with the present view of the constitutions 
of the latter two compounds than with that accepted by Mann and 
Pope. This is particularly evident when a comparison is made with 
an analogous chlorinated series, such as, for example, that based on 
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ethylene dichloride as parent substance. If the tri- and the tetra- 
chloro-compound are simple substitution derivatives of 88’-dichloro- 
diethyl sulphide, the gradation of properties might be expected to 
correspond approximately with that in the series ethylene dichloride— 
trichloroethane-s-tetrachloroethane. If, on the other hand, the 
compounds in question are chlorinated but unsaturated derivatives 
of 88’-dichlorodiethy] sulphide, the corresponding chlorinated hydro- 
carbon series would be ethylene dichloride—-trichloroethylene— 
perchloroethylene. From Table III it is immediately apparent that 


TaBLe III. 
Comparison of Physical Properties. 
Log 
Compound. B. p. De. M/D. Diff. Tg 7 X 105. Diff. 
88’-Dichlorodiethyl sulphide series: 
(15 mm.) 
Dichloro-compound 107° 1:2746 124-7 0-043 3°634 
(CH,Cl°CH,).S + 91 —0:18 
Trichloro-compound 107 1-4315 133-8 0-028 3447 
C,H,Cl’S’°CCICHCI + 13-2 +0:144 
Tetrachloro-compound 124 1537 147-0 0-039 3-591 
C,H,Cl’S*CCECCI, 
Ethylene dichloride series : 
(a) Chlorine substitution with unsaturation. 
(760 mm.) 
Ethylene dichloride 84 1-252 79-0 0:0084 2-924 
CH,CI'CH,Cl +-10-0 —0°132 
Trichloroethylence 88 1-477 89-0 0-006 2-792 
CCl,:CHCl +13-2 4-0°162 
Perchloroethylene 121 1-623 102°2 0-009 2:954 
CCl,:CCl, 
(b) Simple chlorine substitution. 
(760 mm.) 
Ethylene dichloride 84 1-252 79:0 0-0084 2-924 
CH,CI°CH,Cl +13°4 +0145 
‘Trichloroethane 114 1-443 92-4 0-012 3-079 
CHCI,"°CH,Cl -12°-5 +0-151 
s-'l'etrachloroethane 146 1-600 104-9 0-017 3°230 
CHCl,‘CHCl, 


the latter alternative is more in keeping with the facts. ‘The very 
small increase in boiling point on passing from {$’-dichlorodiethy] 
sulphide to the trichloro-derivative (so inappreciable under reduced 
pressures as to preclude separation of the two compounds by 
fractional distillation), the diminished increment in molecular 
volume (1/D) at 20°, and the decrease in viscosity (y), followed in 
each case by normal increments on passing to the tetrachloro- 
compound, all find their parallel in the series ethylene dichloride- 
trichloroethylene—perchloroethylene, and are in striking contrast 
with the regular progression in properties characteristic of a simple 
substitution series such as ethylene dichloride—trichloroethane— 
s-tetrachloroethane. 

The whole of the evidence indicates that the products of chlorin- 
ation of 68’-dichlorodiethyl sulphide described by Mann and Pope 
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as «$@’-tri- and «8(’-tetra-chlorodiethyl sulphides are in reality 
di- and tri-chlorovinyl $-chloroethyl sulphides respectively. 

It is proposed to attempt the synthesis of the true «$’-tri- and 
«888’-tetra-chlorodiethyl sulphides by condensing £-chloroethy| 
mercaptan with mono- and di-chloroacetaldehyde in the presence of 
hydrogen chloride. 

EXPERIMENTAL. 

Preparation and Analysis ——The chlorination of §8’-dichloro- 
diethyl sulphide and the separation of the products of chlorination 
were effected in the manner described by Mann and Pope (loc. cit.), 
the tetrachloro-compound being for convenience prepared by the 
direct chlorination of the trichloro-compound previously obtained. 
The individual products were subsequently purified by repeated 
fractional distillation through a Dufton column at 15 mm. pressure 
and obtained as colourless liquids. 

(1) 88’-Dichlorodiethyl sulphide: M in benzene, 158; m. p. 
14-4°; b. p. 107°/15 mm. (Steinkopf, Herold, and Stéhr, Ber., 1920, 
53, 1007, give 108°/15 mm.) (Found: C, 30-3; H, 5-0; Cl, 446. 
Cale. : C, 30-2; H, 5-0; Cl, 446%; MM; 159). 

(2) Trichloro-compound : M in benzene, 190; b. p. 107°/15 mm. 
(Mann and Pope, loc. cit., give 106-5—108°/15 mm.) (Found: 
C, 24-75, 24-7; H, 2-75, 2-75; Cl, 55-5, 55-8. Calc. for C,H,C1,S: 
C, 25-1; H, 2-6; Cl, 55-6%; M, 191-5). 

(3) Tetrachloro-compound : M, in benzene, 225; b. p. 124°/15 mm. 
(Mann and Pope, loc. cit., give 128—125°/15 mm.) (Found : C, 21-4, 
21-45; H, 2-0, 2:05; Cl, 62-6, 62-8. Cale. for C,H,CI,S: C, 21-25; 
H, 1-8; Cl, 62:8%; M, 226). 

(4) a«8688’-Hexachlorodiethyl sulphide: M, in benzene, 297; 
b. p. 160°/15 mm. (Mann and Pope, loc. cit., give 160—161°/15 mm.) 
(Found: C, 16-1; H, 1-5; Cl, 71-6. Cale. for C,H,CI,S : C, 16-2; 
H, 1-4; Cl, 71-7%; M, 297). 

The chlorine values for the tri- and the tetra-chloro-compound, 
respectively, were obtained after 12 and 60 hours’ heating at 300°. 

Hydrolysis.—A comparison of the rates of hydrolysis was made 
by refluxing approximately 0-12 g. of each of the substances with 
50 c.c. of water for 15 minutes and rapidly titrating the liberated 
acid with standard bartya solution (Found: Cl, 43-6, 3-6, 2-6, and 
17-25% for the di-, tri-, tetra-, and hexa-chloro-compound, 
respectively). 

Densities —The densities of 88’-dichlorodiethy] sulphide and of the 
tri- and the tetra-chloro-compound were determined at 20° and 25° 
with a calibrated density bottle of approximately 5 c.c. capacity. 
The values obtained are in good agreement with those recorded in 
the literature (Mann and Pope, loc. cit.; Wilkinson and Wernlund, 
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J. Amer. Chem. Soc., 1920, 42, 1382) : 88’-dichlorodiethyl sulphide, 
D? 11-2746, D? 1-2693 ; trichloro-compound, D?’ 1-4315, D? 1-4255 ; 
tetrachloro-compound, D?’ 1-537, D? 1-531. 

The densities and boiling points of the chlorinated hydrocarbons 
quoted for comparison in Table III are taken from the International 
Critical Tables, Vol. I (National Research Council, U.8.A., 1926). 

Surface Tensions.—The surface tensions of the compounds were 
measured by the method of maximum bubble pressure (Sugden, 
J., 1922, 124, 860; 1924, 125, 27). The bubblers employed were 
calibrated as described in the reference quoted, their constants 
being : 

Apparatus 2 3 4 
K, 0-01403 0-01339 0-01981 


0-1215 0-1110 0-1071 
82-24 75°14 72-5 


PO DOUITARE ss cvccesscscesees ‘ 6 7 


K, 0-01055 0-02664 


R, (em.) “12 0-1433 0-:0796 
K, = 0-69 Rag 32-5 96-97 53-88 


The surface tension (y) is obtained from the equation y = K,(P + 
K,D), and the parachor calculated from the expression My!/(D — d), 
where P is the difference in the pressures required to liberate bubbles 
from the two tubes, expressed in dynes/cm.?, D and d are the 
densities of the liquid and vapour respectively at the temperature 
of measurement in g./c.c., and MV is the molecular weight. 


Trichloro-compound (M = 191-5). 
Temp. App. No. P. KD. , Parachor. 

20° 1963 104 ° 338-3 

25 1430 76 . 338-1 

y 2656 117 *e 338-5 

3669 138 “2 338-3 

2871 107 39: 339-1 

Mean 338-4 

Tetrachloro-compound (M = 226). 

3799 149 41-7 373-6 

2735 126 42-2 374:8 

3041 127 42-0 374°3 

3752 149 41-2 374-0 

2668 126 41-2 374-0 

Mean 374-1 
Viscosities.—The viscosities of $8’-dichlorodiethyl sulphide and 
of the tri- and the tetra-chloro-compound were determined at 20° 
in an Ostwald viscometer by the method of Scarpa (Gazzetta, 1910, 
40, ii, 261). The instrument was calibrated with water, and the 
calibration checked by means of purified benzene and carbon 

tetrachloride. 


The viscosities of trichloroethylene, trichloroethane, and s-tetra- 
G 
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chloroethane were similarly determined. Those given in Table III 
for ethylene dichloride and perchloroethylene are the values obtained 
by Thorpe and Rodger and quoted in Landolt-Bérnstein—Roth 
“ Tabellen ” (4 Auflage, 1912). 


HODGSON AND HANDLEY : 


Summary. 


Analytical, chemical, and physical data are given in support of 
the view that the products of chlorination of $’-dichlorodiethy| 
sulphide described by Mann and Pope (J., 1922, 121, 594) as 
a86’-tri- and «8’-tetra-chlorodiethyl sulphides are in reality 
dichloro- and trichloro-vinyl f-chloroethyl sulphides, respectively. 

Sir W. J. Pope and Dr. F, G. Mann have read the manuscript of 
this paper and concur in the general conclusion that their tri- and 
tetra-chlorodiethyl sulphides are really substituted vinyl ethyl 
sulphides, but adhere to the disposition of the chlorine atoms which 
they previously suggested. 


We desire to express our thanks to Major W. C. Ball, O.B.E., D.Sc., 
for facilities placed at our disposal and for much helpful criticism. 


THE EXPERIMENTAL STATION, 
Porton. [ Received, October 26th, 1927.) 


XXIL.—Studies in Colour and Constitution. Part II. 
Further Observations on the Effect of Substituents 
on the Colour of Azo-dyes. 


By Hersert Henry Hopason and FREDERICK WILLIAM 
HANDLEY. 


AzO-DYES with Schiffer’s salt or R-salt as the second component 
have been prepared from the bases IX—XX named on p. 165 and 
have been included, together with those described in Part I (J., 
1926, 542), in a scheme showing the effects of the substituents on 
the colour of the dyes. 

By dyeings on wool and colorimetric estimations of the dye 
solutions with the Lovibond tintometer, the powerful bathochromic 
influence of a methylthiol group in the para-position with respect 
to the azo-group and the almost equally powerful influence of at 
o-methoxy-group have been further demonstrated, and a les 
powerful but still pronounced bathochromic influence has beet 
established for chlorine in the para-position, In the ortho- a 
meta-position, especially in the latter, chlorine produces a hypso- 
chromic effect, which is manifested in the colours of the dyes pre 
pared from the bases containing 2 : 4- and 2 : 5-dichloro-, 2-chloro- 
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4-methoxy-, 5-chloro-2-methoxy-, and 5-chloro-2-methylthiol sub- 
stituents. 

The mass of the substituent appears to affect the colour developed 
by the dye in concentrated sulphuric acid solution. 


EXPERIMENTAL. 


Initial Materials —By prolonging the time of nitration from 
10 to 25 minutes 2 : 4-dichloronitrobenzene was prepared in 88% 
yield by Roberts and Turner’s method (J., 1925, 127, 2011). It 
was converted almost quantitatively into 2 : 4-dimethoxynitro- 
benzene, m. p. 74°, by the action of methyl-alcoholic sodium meth- 
oxide. Reduction of this (4 g.) with iron powder (8 g.), glacial 
acetic acid (5 c.c.), and water (20 c.c.) gave 2 : 4-dimethoxyaniline 
(24 g.), m. p. 39°. Reduction with tin (4 g.) and con- 
hydrochloric acid (20 c.c.) gave an oily chlorinated product the 
acetyl derivative of which crystallised from alcohol or dilute acetic 
acid in colourless needles, m. p. 142° (Found: Cl, 15-5. Cale. for 
CoH 20,;NC1: Cl, 155%), and was probably 6-chloro-2 : 4-di- 
methoxyacetanilide. 

4-Chloro-2-thioanisidine—A_ solution of 3-chloro-6-nitrothio- 
anisole (2-8 g.) (Hodgson and Handley, J. Soc. Chem. Ind., 1927, 
46, 435r) in glacial acetic acid (10 c.c.) containing tin (4 g.) was 
cautiously heated while concentrated hydrochloric acid (10 c.c.) 
was being gradually added. After 30—45 minutes, the mixture 
was heated on a boiling water-bath for 10 minutes, and then steam- 
distilled after being made alkaline with sodium hydroxide; 4-chloro- 
2-thioanisidine (1-5 g.) was thus obtained as an oil in the distillate. 
Its aqueous solution gave an orange colour with bleaching powder 
and a bluish-green colour with ferric chloride. The acetyl deriv- 
ative crystallised from water or dilute acetic acid in colourless 
needles, m. p. 110° (Found : N, 6-6; Cl, 16-3. C,H, ,ONCIS requires 
N, 6:5; Cl, 16-5%), and the benzoyl derivative from alcohol in 
colourless needles, m. p. 106° (Found: Cl, 12-7. C,,H,,ONCIS 
requires Cl, 12-8%). 

4 :4’-Dinitro-5 : 5'-dimethylthioldiphenyl disulphide was obtained 
by carefully adding aqueous sodium disulphide (crystallised sodium 
sulphide, 2-4 g.; sulphur, 0-32 g.; water, 5 c.c.) to a hot solution 
of 3-chloro-6-nitrothioanisole (4 g.) in alcohol (100 c.c.), boiling the 
mixture under reflux for 6 hours, and removing unchanged material 
by steam-distillation; the non-volatile product crystallised from 
glacial acetic acid, in which it was sparingly soluble, in pale yellow 
needles, m. p. 216—217° (Found: 8, 31-8. C,,H,,0,N,S, requires 
8, 320%). It is insoluble in alcohol and very sparingly soluble 
in acetone. 
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2 : 4-Dimethylthiolnitrobenzene was prepared by heating together 
a suspension of the above disulphide (2 g.) in alcohol (10 c.c.) and 
a solution of crystallised sodium sulphide (1 g.) and sodium hydr- 
oxide (2-4 g.) in water (12 c.c.) for 10 minutes and then cooling the 
deep brown solution, diluting it with water (30 c.c.) and treating 
it with methyl sulphate (2-5 c.c.), whereupon the thioether (1-9 g.) 
separated immediately. It crystallised from alcohol, acetone, or 
acetic acid in yellow, curved needles, m. p. 113° (Zincke and Kriiger, 
Ber., 1912, 45, 3474, give m. p. 114° for a product obtained by the 
nitration of m-dimethylthiolbenzene) (Found: N, 6-5. Calc.: N, 
65%). It was also obtained in a similar manner but in poorer 
yield from 1 : 1’-dinitrodipheny] 2 : 2’ : 4 : 4’-tetrasulphide (Hodgson 
and Handley, loc. cit.). 

2 : 4-Dimethylthiolaniline was obtained from 2 : 4-dimethylthiol- 
nitrobenzene by reduction with tin and hydrochloric and acetic 
acids. It is a colourless oil with a geranium-like odour and is 
readily volatile in steam. The hydrochloride crystallises from water 
in colourless needles which rapidly turn blue on exposure to light 
(Found: N, 6:5. C,H,,NS,,HCl requires N, 63%), and give a 
deep blue colour with ferric chloride. The acetyl derivative crystal- 
lises from alcohol or dilute acetic acid in silky needles, m. p. 114° 
(Found: S, 28-2. OC, )H,,ONS, requires 8, 28-1%), and the benzoyl 
derivative from alcohol.in colourless needles, m. p. 125° (Found : 
S, 22-2, C,;H,,ONS, requires S, 22-1%). 

3 : 3'-Diacetamido-4 : 4'-dinitrodiphenyl Disulphide.—3-Chloro - 6 - 
nitroaniline was first prepared by heating (6—7 hours) 2 : 4-dichloro- 
nitrobenzene (8 g.) with alcohol (10 c.c.) and aqueous ammonia 
(35 c.c.; d 0-880) in a sealed tube at 160—165°; the mixture was 
then diluted with water and the product (7 g.) filtered off. The 
chlorine in 3-chloro-6-nitroaniline is very stable towards alcoholic 
sodium disulphide, whereas in 3-chloro-6-nitroacetanilide, obtained 
by acetylation with a mixture of acetic anhydride (which alone 
only partly acetylates the base) and acetyl chloride, the chlorine 
is again labile and readily reacts with sodium disulphide to form 
3 : 3'-diacetamido-4 : 4'-dinitrodiphenyl disulphide; this crystallises 
from glacial acetic acid in pale yellow needles, m. p. 192—193° 
(Found: N, 13-1; S, 15-3. C,gH,,0,N,S, requires N, 13-3; S, 
15-2%), and is insoluble in alcohol and benzene and only slightly 
soluble in acetone. 

6-Nitro-3-thioanisidine was obtained from the corresponding 
disulphide (above) by the method described for the preparation of 
2: 4-dimethylthiolnitrobenzene, and crystallised from alcohol in 
deep yellow needles, m. p. 116° (Found: S, 17:7. C,H,0,N,S 
requires 8S, 17-4°%). 
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3-Chloro-4-nitrothioanisole, prepared by the Sandmeyer method 
from 6-nitro-3-thioanisidine, is slowly volatile in steam and crystal- 
lises from alcohol in pale yellow needles, m. p. 61° (Found: Cl, 
17-2. C,H,O,NCIS requires Cl, 17-4%). 

2-Chloro-4-thioanisidine, prepared by reduction of the preceding 
nitro-compound with tin and hydrochloric acid, is an oil. The 
hydrochloride crystallises from water in long needles, m. p. 217— 
218°, and gives a reddish-purple colour with ferric chloride. The 
acetyl derivative separates from dilute acetic acid in long needles, 
m. p. 129° (Found: Cl, 16-3; S, 15-2. C,H,,ONCIS requires Cl, 
16:5; S, 148%). 

The Dyes, Dyeing Trials, and Dye Solutions.—These were made 
by the methods described in the previous paper (loc. cit.). For 
convenience, each dye is referred to by the attached numeral, 
which indicates the amine employed in its preparation : 2-anisidine 
(I), 4-anisidine (ITI), 4-chloro-2-anisidine (III), 2-chloro-4-anisidine 
(IV), 2-anisidine-4-methyl thioether (V), 4-anisidine-2-methyl thio- 
ether (VI), 2-thioanisidine (VII), 4-thioanisidine (VIII), 2-chloro- 
aniline (IX), 3-chloroaniline (X), 4-chloroaniline (XI), 2 : 4-dichloro- 
aniline (XII), 2 : 5-dichloroaniline (XIII), 2 : 4-dimethylthiolaniline 
(XIV), 2:4-dimethoxyaniline (XV), 4-chloro-2-thioanisidine (XVI), 
5-chloro-2-thioanisidine (XVII), 2-chloro-4-thioanisidine (XVIII), 
5-chloro-2-anisidine (XIX), aniline (XX). 


The authors desire to thank Mr. H. Wilkinson for advice con- 
cerning the estimations with the Lovibond tintometer and the 
colour interpretations, and the British Dyestuffs Corporation for 
gifts of chemicals. 


TECHNICAL COLLEGE, HUDDERSFIELD. [Received, October 20th, 1927.] 


XXIV.—The Reactivity of the Double Bond in 
Coumarins and Related a8-Unsaturated Carbonyl 
Compounds. Part I. Addition of Cyanoacetamide 
to Coumarins. 


By TrRUVENKATA RAJENDRA SESHADRI. 


THE unsaturated centre in coumarin seems to differ greatly in re- 
activity from the double bond in related compounds such as cinnamic 
acid and ethylcinnamate. For instance, sodium bisulphite combines 
readily in a few minutes with coumarin, whereas with cinnamic acid 
under comparable conditions the combination remains incomplete 
even after 12 hours. This question of the reactivity of the double 
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bond in coumarins in comparison with other «$- unsaturated carbonyl 
compounds has not hitherto been systematically investigated. 

The interaction of cyanoacetamide and coumarins is of much 
interest from the theoretical point of view and incidentally offers 
a method for the preparation of a series of reduced coumarin 
derivatives containing asymmetric carbon atoms. When heated 
in alcoholic solution in the presence of piperidine, coumarin and 
cyanoacetamide react additively in equimolecular proportion at 
the double bond. The reaction is complete in about 6 hours; but 
in similar circumstances, although the heating was continued for 
40—50 hours, cinnamic acid, ethyl cinnamate and even coumaric 
acid yielded no detectable quantity of additive products, the 
original substances being recovered unchanged. Hence it appears 
at first sight that the reactivity of the double bond in coumarin is 
greatly enhanced as the result of its situation in a ring structure. 

Nevertheless, this explanation of the enhanced reactivity of 
coumarin as compared with ethyl cinnamate, although considered 
to be a part of the truth, is probably inadequate ; a further important 
factor is doubtless connected with the degree of neutralisation of 
the ketonic properties of the carbonyl group by the singly bound 
oxygen atom. In coumarin, the aromatic nucleus makes demands 
of the attached oxygen, reducing the capacity of this atom for 
neutralising the carbonyl group. Electronic mechanisms embodying 
this suggestion have been put forward by Robinson. Thus coumarin 
should occupy a position intermediate between a typical alkyl 
cinnamate and a typical alkyl styryl ketone. The relative import- 
ance of the parts played by the cyclic structure and the conjugation 
of the oxygen atom with the nucleus could be estimated from the 
results of a comparative study of the reactions of alkyl and aryl 
cinnamates, and it is proposed to continue the investigation in this 
direction. 

3 : 4-Dihydrocowmarin-4-cyanoacetamide (1) is readily hydrolysed 
by boiling concentrated hydrochloric acid or 10% caustic potash 
solution with the formation of 3 : 4-dihydrocowmarin-4-acetic aci 
(II) and 8-0-hydroxyphenylglutaric acid (IIT). 


OH 


oe SE s00H 
He 6H 


ee 5h \cH,-CO,H 
CN-CH-CO-NH, CH,°CO,H Aw 
(I.) (II.) (IIT.) 
The relationship of these acids was established by their inter- 
conversion. At its melting point, (III) decomposes with the 
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evolution of water and forms (II). The lactone (II) or the hydroxy. 
acid (III) can be obtained from an alkaline solution of either accord. 
ing as the solution is strongly acidified and warmed or is rendered 
just acid and kept cold. Intermediate stages represented by 
3 : 4-dihydrocoumarin-4-cyanoacetic acid (IV) and 3: 4-dihydro. 
coumarin-4-carbamylacetic acid (V) were isolated only in cases 
where hydrolysis in stages with cold concentrated hydrochloric 
acid was possible. 


O O 
7 O CO 
(IV.) CH, H, (V.) 
H H 


CN-CH-CO,H NH,°CO-CH:-CO,H 

Alkyl and halogen substituents in the pyrone ring, as in 4 : 7-di- 
methylcoumarin, 3-methylecoumarin, and 3-bromocoumarin, com- 
pletely inhibit the addition. But their presence in the benzene 
ring has not yet been found to offer any hindrance and the addition 
takes place with almost as much ease as in the case of coumarin. 
7-Methylcoumarin yields a product which resembles in every respect 
dihydrocoumarincyanoacetamide and gives rise to the same series 
of hydrolytic products. 6-Aminocoumarin, a golden-yellow solid, 
forms a colourless additive compound with cyanoacetamide, whereas 
the product from the colourless 6-nitrocoumarin is deep yellow. 

6-Nitro-3 : 4-dihydrocoumarin-4-cyanoacetamide was unaffected by 
cold concentrated hydrochloric acid and hence stepwise hydrolysis 
was not possible; only 6-nitro-3 : 4-dihydrocowmarin-4-acetic acid 
could be obtained in a pure condition from the products of hydro- 
lysis. This acid is colourless and gives colourless solutions in 
organic solvents and in aqueous acid; on the other hand, its solu- 
tions in water, especially hot water, and in aqueous alkali are 
yellow. In all probability these yellow solutions contain the 
nitrophenolic acid NO,°C,H,(OH)*CH(CH,°CO,H),, which could 
only be isolated in the form of its disilver salt. 


EXPERIMENTAL. 


3 : 4-Dihydrocoumarin-4-cyanoacetamide (I).—A solution of cou- 
marin (3 g.), cyanoacetamide (2 g.), and a few drops of piperidine in 
alcohol (30 c.c.) was kept at the point of incipient ebullition for 6 
hours. The cooled liquid slowly deposited a mass of colourless 
crystals, which were washed with cold alcohol (yield, 4 g.; m. p. 
215—216°). The substance was slightly soluble in boiling water 
and readily soluble in boiling alvohol, chloroform or benzene, 
crystallising on cooling in flat, colourless needles, m. p. 219—220° 
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(decomp.) (Found: OC, 62-8; H, 4:4; N, 12-4. C,,H,,0,N, 
requires C, 62-6; H, 4-4; N, 12-2%). It was insoluble in aqueous 
sodium carbonate or ammonia, but dissolved slowly in dilute 
aqueous sodium hydroxide with the production of ammonia. 

3 : 4-Dihydrocoumarin-4-cyanoacetic Acid (IV).—A mixture of 
dihydrocoumarincyanoacetamide (1 g.) and cold concentrated 
hydrochloric acid (5 c.c.) was vigorously shaken, giving a clear solu- 
tion which soon deposited a colourless, crystalline precipitate. 
This crystallised from much water or alcohol in colourless, hexagonal 
plates, m. p. 226—227° (Found : C, 62-6; H, 4:1; N, 6-1. C,,H,O,N 
requires C, 62:3; H, 3-9; N, 6-1%). 

Dihydrocoumarincyanoacetic acid underwent further hydrolysis 
when boiled with concentrated hydrochloric acid, dilute aqueous 
sodium hydroxide or even ammonia, so that when the silver salt was 
prepared in the usual way by means of ammonium hydroxide and 
silver nitrate the disilver salt of §-o-hydroxyphenylglutaric acid 
(below) was produced. 

3 : 4-Dthydrocoumarin-4-acetic Acid (I1).—Dihydrocoumarin- 
cyanoacetamide (1 g.) was boiled with concentrated hydrochloric 
acid (5 c.c.) for 5 minutes and on cooling dihydrocowmarinacetic acid 
crystallised; a further quantity of it was obtained by evaporating 
the mother-liquor to dryness and adding a few drops of water to 
dissolve the ammonium chloride (yield, 0-7 g.). Purification was 
effected by dissolution in aqueous sodium carbonate and reprecipit- 
ation; the acid crystallised from boiling water, alcohol, or benzene 
in colourless, stout prisms, m. p. 113—114° (Found: C, 64-0; 
H, 4:8. ©,,H,,0, requires C, 64-1; H, 49%). This acid was 
obtained also by the hydrolysis of dihydrocoumarincyanoacetamide 
(1 g.) with aqueous potassium hydroxide (2 g. in 10 c.c. of water) 
at the boiling point for a few minutes; the clear solution was 
acidified with hydrochloric acid and evaporated to dryness. Enough 
water was then added to dissolve the inorganic salts, leaving an 
almost pure specimen of dihydrocoumarinacetic acid (yield, 0-75 g.). 
The silver salt of this acid could not be obtained by the usual method, 
since the product was found on analysis to be the disilver salt of 
8-o-hydroxyphenylglutaric acid described below. 

8-0o-Hydroxyphenylglutaric Acid (III).—This acid was obtained 
whenever dihydrocoumarinacetic acid was prepared. When the 
mother-liquor after the separation of the acetic acid was kept for 
several hours, stout, colourless crystals of the glutaric acid 
separated. The best method of preparation is to dissolve di- 
hydrocoumarinacetic acid in dilute aqueous sodium carbonate and 
then to render the solution just acid and keep it cold for several 


hours; colourless, stout crystals are slowly deposited. The acid 
a2 


170 SESHADRI : THE REACTIVITY OF THE 


is sparingly soluble in ether or benzene; it is easily soluble in boiling 
water, alcohol, or acetone, and crystallises in colourless cubes 
melting at 160° with evolution of steam and formation of dihydro- 
coumarinacetic acid (Found : C, 59-2; H, 5-5. C,,H,,0; requires C, 
58-9; H, 5-4%). Its aqueous solution was strongly acid to litmus and 
when boiled with dilute hydrochloric acid it underwent conversion 
into the closed-ring acetic acid. The disilver salt was obtained as a 
colourless, amorphous, bulky precipitate in the usual way by means 
of ammonia and silver nitrate and when dry was a colourless powder 
(Found: Ag, 49-0. C,,H,,O;Ag, requires Ag, 49-3%). 

7-Methyl-3 : 4-dihydrocoumarin-4-cyanoacetamide.—An alcoholic 
solution of 7-methylcoumarin (4 g.), cyanoacetamide (2 g.), and a few 
drops of piperidine was boiled for 15 hours, a shorter period involving 
admixture of the condensation product with unchanged 7-methy]l- 
coumarin. The product (about 4 g.) was fairly soluble in boiling 
acetone or alcohol and very readily soluble in pyridine, from which 
it crystallised in colourless, rectangular prisms, m. p. 245° (Found : 
C, 64-2; H, 5-1; N, 11-8. C,,;H,,0,N, requires C, 63-9; H, 4-9; 
N, 11-5%). 

7-Methyl-3 : 4-dihydrocoumarin-4-cyanoacetic acid was obtained 
from the above compound by treatment with cold concentrated 
hydrochloric acid. At first a clear solution was produced which 
soon deposited a colourless, crystalline precipitate; this crystallised 
from boiling water or alcohol in colourless, rhombic prisms, m. p. 
230—232° (Found: N, 5-9. C,3H,,0,N requires N, 5-7%). 

7-Methyl-3 : 4-dihydrocowmarin-4-acetic acid, which resulted from 
the hydrolysis of 7-methyldihydrocoumarincyanoacetamide with 
hot concentrated hydrochloric acid or hot aqueous potash, was 
easily soluble in boiling water, alcohol, acetone, or benzene and 
crystallised from these solvents in colourless, rectangular plates, 
m. p. 111—112° (Found: C, 65:3; N, 5-6. C,,H,.0, requires 
C, 65-5; H, 5-5%). 

8-p-Methyl-o-hydroxyphenylglutaric acid was obtained by dis- 
solution of the above lactonic acid in dilute aqueous sodium car- 
bonate and careful acidification of the solution in the cold. The 
colourless, rectangular prisms that were slowly deposited melted at 
148—149° with formation of 7-methyldihydrocoumarinacetic acid. 
The phenolic acid is sparingly soluble in benzene, but dissolves 
readily in boiling water, alcohol, or acetone (Found: C, 60-3; 
H, 5-9. C,.H,,0; requires C, 60-5; H, 5-9%). The disilver salt, 
which was a colourless powder, was identical with those resulting 
from the cyanoacetic and acetic acids mentioned above (Found: 
Ag, 47:4. Calc.: Ag, 47-:7%). 

6-Nitro-3 : 4-dihydrocoumarin-4-cyanoacetamide  (VI1).—Golden- 
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yellow crystals were deposited when an alcoholic solution of 6-nitro- 
coumarin (3 g.), cyanoacetamide (1-5 g.), and a few drops of piperi- 
dine was gently boiled for 4 hours (yield, about 3-5 g.). The sub- 
stance was sparingly soluble in benzene, acetone, or alcohol and 
readily soluble in boiling’pyridine, from which it separated in golden- 
yellow plates which neither melted nor decomposed below 300° 
(Found: N, 15-6. C,,H,O;N, requires N, 153%). Nitrodi- 
hydrocoumarincyanoacetamide was only very slowly affected 
by cold dilute hydrochloric acid or sodium hydroxide; on boiling 
with the alkali, however, solution took place with the evolution of 
ammonia. 

6-Nitro-3 : 4-dihydrocoumarin-4-acetic Acid (VII).—A boiling 
mixture of nitrodihydrocoumarincyanoacetamide (1 g.) and con- 
centrated hydrochloric acid (10 c.c.) gradually deposited a white, 
crystalline precipitate. This dissolved in cold dilute aqueous 
sodium carbonate to a deep yellow solution, which, when rendered 
strongly acid, turned colourless and nitrodihydrocoumarinacetic acid 
soon separated in colourless, rhombic prisms, m. p. 205° (decomp.) 
(Found: N, 5:8. C,,H,O,N requires N, 5-6%). The acid dis- 
solved very sparingly in benzene or chloroform and was slightly 
soluble in alcohol; these solutions were perfectly colourless, even 
on boiling. The aqueous solution, however, was yellow and the 
colour deepened on boiling; introduction of a trace of any alkali 
rendered it deep yellow, whereas the addition of mineral acid not only 
removed the colour but caused the precipitation of the acid. The 
silver salt prepared by the usual method was obtained as a light 
yellow powder and on analysis was found to be the disilver salt of 
the open-chain phenolic glutaric acid (Found: Ag, 44:3. 
(,,H,O,NAg, requires Ag, 44-7%). 

6-Amino-3 : 4-dihydrocoumarin-4-cyanoacetamide.—The best yield 
of this product was obtained by boiling an alcoholic solution of 
6-aminocoumarin (2 g.), cyanoacetamide (1 g.), and a few drops of 
piperidine for 6 hours. Longer heating produced a resin and the 
yield was lowered when the period of reaction was shortened. The 
solid was isolated and washed with hot alcohol to remove unchanged 
aminocoumarin. The product was sparingly soluble in chloroform, 
benzene, or alcohol and crystallised from pyridine in colourless 
prisms, m. p. 270° (decomp.) (yield, 1-5 g.) (Found : C, 59-0; H, 4:4; 
N, 17-4. C,.H,,0O,N, requires C, 58:7; H, 4:5; N, 17-11%). A 
yellow solution in dilute aqueous sodium hydroxide is formed slowly 
in the cold and readily on boiling, ammonia being evolved; the 
substance is also readily soluble in dilute or concentrated hydro- 
chloric acid. The formulation of this compound as an analogue 
of dihydrocoumarincyanoacetamide is justified by the observation 
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that the addition product is a primary aromatic amine. The corre. 
sponding diazonium salt couples with 6-naphthol to give a scarlet-red 
azo-compound that dissolves in concentrated sulphuric acid to a 
crimson solution. 

The benzoyl derivative was obtained by carrying out the benzoy].- 
ation in the presence of dilute aqueous sodium carbonate. It was 
sparingly soluble in alcohol and crystallised from pyridine in colour. 
less, flat needles, m. p. 300° (decomp.). (Found: C, 65-1; H, 4-4. 
C,H, ,0,N, requires C, 65-3; H, 4:3%). 

6-Amino-3 : 4-dihydrocoumarin-4-carbamylacetic Acid.—A solution 
of 6-aminodihydrocoumarincyanoacetamide (1 g.) in cold concen- 
trated hydrochloric acid (10 c.c.) remained clear until it was heated 
just to boiling. Immediately precipitation started and a good 
yield of colourless, rectangular rods was obtained on cooling. The 
product was washed with cold concentrated hydrochloric acid and 
finally with alcohol; m. p. 225° (decomp.) (Found : C, 48-1; H, 4:4; 
N, 9:3; Cl, 11-9. C,,H,,0;N,Cl requires C, 47-9; H, 4:3; 
N, 9-3; Cl, 11-8%). As it contained no water of crystallisation, it 
was evident that it was the hydrochloride of 6-aminodihydro- 
coumarincarbamylacetic acid. To isolate the free acid, the hydro- 
chloride was dissolved in a small volume of cold water and very 
dilute aqueous sodium hydroxide added drop by drop till the solution 
was almost neutral. Colourless crystals (rectangular plates) slowly 
filled the liquid ; they were washed with cold water and with alcohol ; 
m. p. 170—171° (decomp.) (Found: C, 54:1; H, 4:9. C,.H,,.0;N, 
requires C, 54-5; H, 4-6%). The acid was insoluble in alcohol and 
was easily soluble in cold dilute acid or alkali and underwent decom- 
position when these solutions were warmed. When diazotised and 
coupled with 8-naphthol, the hydrochloride as well as the free acid 
gave rise to scarlet-red azo-compounds. 


I wish to thank Professor Robinson and Professor Dey for their 
continued interest in this work and for many helpful suggestions 
during its progress. 


THE UNIVERSITIES OF MADRAS AND 
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XXV.—The Formation of 2-Methylbenziminazoles. 


By MontaGuE ALEXANDRA PHILLIPS. 


THE nitration of diacetyl-m- and -p-phenylenediamine has been 
studied by Barbaglia (Ber., 1874, 7, 1258), Biedermann and Ledoux 
(ibid., p. 1533), Ladenburg (Ber., 1884, 17, 150), and Bilow and 
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Mann (Ber., 1897, 30, 986), but the nitration of diacetyl-o-phenylene- 
diamine does not appear to have been recorded hitherto. This 
nitration gives in good yield 4-nitrodiacetyl-o-phenylenediamine, 
the orientation of which was determined by reduction, followed 
by acetylation, 1 : 2 : 4-triacetamidobenzene being obtained identical 
with the products of reduction and subsequent acetylation of 
4-nitrodiacetyl-m-phenylenediamine and 3-nitrodiacetyl-p-pheny]- 
enediamine. 

4-Nitrodiacetyl-o-phenylenediamine was obtained by Ladenburg 
(loc. cit.) by the action of acetic anhydride on 4-nitro-o-phenylene- 
diamine. Heim’s suggestion (Ber., 1888, 21, 2307) that Ladenburg’s 
compound was 5-nitro-2-methylbenziminazole is unfounded, since 
a repetition of Ladenburg’s work gave 4-nitrodiacetyl-o-phenylene- 
diamine identical with the product obtained as described above. 
The melting point recorded by Ladenburg (227°) is, however, low. 

On reduction, 4-nitrodiacetyl-o-phenylenediamine gives an amino- 
compound which reacts normally with nitrous acid to give a diazo- 
compound, whereas the isomeric 4-aminodiacetyl-m-phenylene- 
diamine and 3-aminodiacetyl-p-phenylenediamine both react with 
nitrous acid to give 5-acetamido-l1 : 2 : 3-benztriazole, thus showing 
the equivalence of the 5- and the 6-position in the benztriazole 
system (compare Biilow and Mann, loc. cit.). On boiling mono- 
or di-acetyl-o-phenylenediamines with 3—4N-hydrochloric acid 
for several minutes, the corresponding 2-methylbenziminazoles are 
formed in good yield (compare Bistrzycki and Ulferrs, Ber., 1892, 
25, 1992; Waljaschko and Boltina, J. Russ. Phys. Chem. Soc., 
1914, 46, 1780). The first stage of ring closure of diacetyl-o- 
phenylenediamine is hydrolysis to the monoacetyl compound, 
since o-aminoacetanilide has been isolated from the reaction mixture 
(compare Baxter and Fargher, J., 1919, 115, 1373). 

It appears, therefore, that hydrolysis of the diacetyl compound 
is favourable to rapid ring closure; this explains the difficulty of 
obtaining 2-methylbenziminazole from o-phenylenediamine by 
treatment with acetic anhydride (compare Ladenburg, loc. cit.; 
Heim, loc. cit.; Borsche and Rantscheff, Annalen, 1911, 379, 150). 
2-Methylbenziminazole was, however, obtained by boiling o-pheny]l- 
enediamine with a mixture of acetic anhydride (0-5 g.-mol.) and 
3—4N-hydrochloric acid: it is assumed that acetylation followed 
by ring closure occurred. Treatment of o-phenylenediamine with 
acetic anhydride (0-5 g.-mol.) gave a mixture of diacetyl-o-phenylene- 
diamine and unchanged material; excess of acetic anhydride gave 
diacetyl-o-phenylenediamine only. 

5-Amino-2-methylbenziminazole, isolated as the dihydrochloride 
or as the hydrochloride of the acety] derivative, was formed by the 
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reduction of 5-nitro-2-methylbenziminazole and by the action of 
boiling 3N-hydrochloric acid on (i) 4-aminodiacetyl-o-phenylenedi- 
amine, (ii) 1:2:4-triacetamidobenzene, further de-acetylation 
having occurred, (iii) 4-aminodiacetyl-m-phenylenediamine and 
3-aminodiacetyl-p-phenylenediamine. Case (iii) not only indicates 
the intermediate formation of these two bases in case (ii) but also 
confirms the work of Gallinek (Ber., 1897, 30, 1912) showing the 
identity of the 5- and the 6-position in the benziminazole system. 

5-Acetamido-2-methylbenziminazole hydrochloride, m. p. 325°, 
has solubilities and a crystalline form similar to those of the com- 
pound, m. p. 324°, described without analytical data by Gallinek 
(loc. cit.) as the base. On treatment of its aqueous solution with 
ammonia, the base, m. p. 250°, separated (compare Kym, D.R.-P. 
288190). 

In similar experiments with 4-hydroxy- and 4-acetoxy-diacety]- 
o-phenylenediamine, red amorphous solids but no benziminazole 
derivatives were isolated. 

These reactions are being extended to derivatives of 3 : 4-diamino- 
phenylarsinic acid. 

EXPERIMENTAL. 

o-Aminoacetanilide was obtained by adding a mixture of o-nitro- 
acetanilide (180 g.) and iron powder (110 g.) to boiling water (1 1.) 
containing 50 c.c. of glacial acetic acid, a few drops of amy] alcohol 
being added from time to time to overcome the otherwise trouble- 
some frothing. After being neutralised to litmus, filtered, and 
concentrated to small bulk, the solution deposited the amino-com- 
pound in 90% yield as white, hexagonal plates, m. p. 133° (Found : 
N, 18-7. Calc.: N, 18-7%). 

Diacetyl-o-phenylenediamine was obtained by addition of acetic 
anhydride (200 c.c.) to the filtrate from the above reduction mixture. 
It separated as white, hexagonal prisms, m. p. 184°, and the yield, 
including material recovered from the mother-liquor, was 90% of 
the theoretical (Found: N, 14-6. Cale.: N, 146%). 

Diacetyl-m-phenylenediamine and diacetyl-p-phenylenediamine 
were obtained in good yield from m-phenylenediamine hydrochloride 
and p-aminoacetanilide hydrochloride solutions respectively by 
treatment with sodium acetate and acetic anhydride in slight excess. 

Nitration of the Three Diacetylphenylenediamines.—The compound 
(64 g.) was dissolved at 20° in sulphuric acid (240 c.c.) and nitrated 
at 5—10° with a mixture of nitric acid (d 1-42; 22 c.c.) and sulphuric 
acid (24 c.c.). When the product was poured into ice-water the 
nitro-compound was precipitated in 90% yield. 

4-Nitrodiacetyl-m-phenylenediamine, m. p. 246°, formed white 
needles from 50% acetic acid (compare Barbaglia, loc. cit.), and 
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5-nitrodiacetyl-p-phenylenediamine, m. p. 185°, pale yellow needles 
from alcohol (compare Ladenburg, loc. cit.). 4-Nitrodiacety]l-o- 
phenylenediamine formed white or pale yellow prisms, m. p. 255°, 
from 50% acetic acid. It is sparingly soluble in hot water, more 
readily soluble in alcohol or hot glacial acetic acid (Found: N, 
17:7. Cale.: N, 17:7%). It was also obtained by reducing 
2:4-dinitroaniline with ammonium sulphide (compare Heim, 
loc. cit.) and boiling the resulting 4-nitro-o-phenylenediamine, m. p. 
197—198°, with an excess of acetic anhydride; no trace of 5-nitro- 
2-methylbenziminazole was detected even after several hours’ 
boiling. 

Reduction of the Three Nitrodiacetylphenylenediamines.—The com- 
pound (44 g.) mixed with iron powder (88 g.) was reduced by the 
method described for the preparation of o-aminoacetanilide. The 
filtrate on concentration deposited the amino-compound, the total 
yield in each case (including material recovered from mother- 
liquors) being almost quantitative. 

2-Aminodiacetyl-m-phenylenediamine, m. p. 250°, formed white 
prisms from water. It is moderately easily soluble in cold water 
and in alcohol (Found: N, 20-4. ©, ,H,,0,N; requires N, 20-3%). 
3-Aminodiacetyl-p-phenylenediamine, m. p. 231—232°, has been 
described by Biilow and Mann (loc. cit.). 4-Améinodiacetyl-o- 
phenylenediamine, m. p. 205°, forms white prisms from water. 
It resembles the above isomerides in solubility (Found : N, 20-1%). 
1:2: 4-Triacetamidobenzene, which crystallises from hot water 
in needles, m. p. 239°, was obtained by adding sodium acetate and 
acetic anhydride to an acid solution of any of the three amino- 
diacetylphenylenediamines and also by adding acetic anhydride to 
the filtrates obtained in the reduction of the nitrodiacetylphenylene- 
diamines. Concentration of the solutions was necessary to obtain 
good yields and the “ mixed melting points’’ were undepressed 
(Found for specimens prepared by the six methods mentioned : 
N, 16-9, 16-8, 16-9, 16-8, 16-8, 16-8. Calc.: N, 16-9%). 

Action of Nitrous Acid on 4-Aminodiacetyl-o-phenylenediamine.— 
This amine in the presence of 2—3 molecules of mineral acid gave 
a diazo-solution which reacted with sodium arsenite (Lewis and 
Cheetham, J. Amer. Chem. Soc., 1921, 43, 2119), 3 : 4-diacetamido- 
phenylarsinic acid being produced in good yield. 

2-Methylbenziminazole-—(i) o-Phenylenediamine (1-1 g.), hydro- 
chloric acid (15%; 10 c.c.), and acetic anhydride (1 c.c.) were 
boiled together under reflux for 20 minutes. On addition of 
sodium hydroxide solution until the mixture was faintly acid to 
litmus, 2-methylbenziminazole separated in 60° yield. It erystal- 
lised in white prisms, m. p. 176°, from hot water and was readily 
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soluble in mineral acids and in excess of caustic alkali (Found; 
N, 21:4. Calc.: N, 21:2%). : 

(ii) o-Aminoacetanilide (5 g.) or diacetyl-o-phenylenediamine 
(5 g.), on refluxing for 15 minutes with 10% hydrochloric acid 
(25 c.c.), gave in each case a 78% yield of the ring compound 
(Found: N, 21-4, 21-4%). 

(iii) Diacetyl-o-phenylenediamine (1 g.), after boiling with 
2—3N-hydrochloric acid (5 c.c.) for 1 minute, gave on neutralisation 
a mixture of prisms and hexagonal plates which, by fractional 
crystallisation from hot water, was shown to consist of o-amino- 
acetanilide (0-2 g.; m. p. 134°. Found: N, 18-8%) and 2-methyl- 
benziminazole (0-2 g.; m. p. 176°. Found: N, 21-2%). 

(iv) Acetic anhydride (0-5 c.c.; 4 mol.) was added to o-phenylene- 
diamine (1-1 g.). When vigorous reaction hed ceased, the mixture 
was warmed in the water-bath for 1 minute. The solution on 
cooling deposited a mixture of diacetyl-o-phenylenediamine, m. p. 
186°, and o-phenylenediamine, m. p. 102°, which was separated by 
fractionation from hot water, in which the latter is more soluble. 

5-Nitro-2-methylbenziminazole.—(i) 4-Nitrodiacetyl-o-phenylene- 
diamine (47 g.) was boiled for not less than 1 hour with 25° sodium 
hydroxide solution (250 c.c.). On addition of hydrochloric acid 
until the precipitate first formed redissolved, and treatment of the 
filtered solution with sodium acetate until it was no longer acid 
to Congo-red, 5-nitro-2-methylbenziminazole was formed (20 g.; 
55%). 

Treatment for shorter periods with hot alkali causes the product 
to acquire a yellow colour which is difficult to remove. 

(ii) 4-Nitrodiacetyl-o-phenylenediamine (11 g.), after refluxing 
for 15 minutes with hydrochloric acid (10%; 10 c.c.), gave, on 
addition of sodium acetate, 5-nitro-2-methylbenziminazole (6 g.; 
80%), which was obtained quite white by repeated crystallisation 
from water. Treatment lasting only 1 to 3 minutes gave the 
same product, but it was sometimes accompanied by a small amount 
of 4-nitro-o-phenylenediamine, m. p. 199°. 

5-Nitro-2-methylbenziminazole made by the above methods or 
by the methods of Heim (loc. cit.) and of Fischer and Hess (Ber., 
1903, 36, 3970) consisted of white, staggered plates, m. p. 221°, 
readily soluble in hot water, mineral acids and caustic alkalis. 
It is unacted upon by nitrous acid, or by sulphuric acid at 90° 
(Found : N, 23-9. Calc.: N, 23-7%). 

5-Acetamido-2-methylbenziminazole.—(i} Any one of the three 
aminodiacetylphenylenediamines described above (1 g.), after 
refluxing for 20 minutes with 4N-hydrochloric acid (10 c.c.), gave, 
on cooling, neutralisation, and addition of acetic anhydride (1 c.c.), 
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characteristic crystals of 5-acetamido-2-methylbenziminazole hydro- 
chloride in 75% yield. 

(ii) 1 : 2: 4-Triacetamidobenzene (10 g.) was boiled under reflux 
for 30 minutes with 4N-hydrochloric acid (40 c.c.). The filtered 
solution on neutralisation to litmus and addition of acetic anhydride 
(10 c.c.) gave the above-mentioned hydrochloride in 80% yield. 

(iii) 5-Nitro-2-methylbenziminazole (5 g.) mixed with iron powder 
(10 g.) was reduced by the general method described under o-amino- 
acetanilide. On addition of acetic anhydride (10 c.c.) to the filtrate 
from the neutralised reaction mixture 5-acetamido-2-methylbenz- 
iminazole separated. 

The hydrochloride consists of stout, white, irregular, hexagonal 
plates, m. p. 325°, but is sometimes obtained as prismatic needles 
which rapidly change to the plates. It is sparingly soluble in cold 
water (Found: N, 18-4; Cl, 15-7. Cale.: N, 18-6; Cl, 15-7%). 
j-Acetamido-2-methylbenziminazole is obtained by treatment of 
a warm aqueous solution of its hydrochloride with ammonia. It 
forms white prisms, m. p. 250°, is insoluble in cold water but readily 
soluble in mineral acids and in excess of caustic alkalis (Found: N, 
22-2. Cale.: N, 222%). Treatment with concentrated hydro- 
chloric acid gives the hydrochloride. 

5-Amino-2-methylbenziminazole Dihydrochloride.—(i) 1 : 2 : 4-Tri- 
acetamidobenzene (40 g.) was treated as described under 5-acet- 
amido-2-methylbenziminazole (ii). The filtered solution was 
evaporated to dryness under reduced pressure, and the residue 
crystallised from boiling concentrated hydrochloric acid, a 50% 
yield of the pure dihydrochloride being obtained. 

(ii) 5-Acetamido-2-methylbenziminazole (2 g.) was heated under 
reflux for 1 hour with concentrated hydrochloric acid (4 ¢.c.). On 
cooling, 5-amino-2-methylbenziminazole dihydrochloride separated 
in white prisms, readily soluble in water (Found : N, 19-2; Cl, 32-6. 
Cale.: N, 19-1; Cl, 32-39%). The free base cannot readily be 
obtained owing to its solubility in water (compare Gallinek, loc. cit.). 


The author wishes to express his gratitude to Dr. A. J. Ewins 
fand Mr. G. Newbery of this laboratory for their criticism of this 
work, 
RESEARCH LABORATORIES, Messrs. May & Baker, LTD., 
Lonpon, S.W. 18. [ Received, October 29th, 1927.] 
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XXVI.—Oplical Activity and the Polarity of Swb- 
stituent Groups. Part VII.  sec.-B-Octyl Esters 
of o-, m-, and p-Substituted Benzoic Acids. 


By H. Gorpon Ruiz, Writ1am Hay, Annre H. NoumsBers, and 
T. Ramsay PATERSON. 


In recent years a considerable amount of attention has been directed 
towards the influence of substituents on the physical and chemical 
behaviour of a parent compound. These researches have had to 
do with such diverse properties as benzene substitution, velocity of 
reaction, optical activity, dielectric constants, and physical state, 
As a result, it has been made abundantly clear that in nearly all 
these cases the main influence at work falf& into one of two 
categories. 

The first and most commonly observed influence is that usually 
described as the general effect of the substituent, which is regarded 
as being due to a general shift of the valency electrons away from 
an electropositive group such as CH,, and towards an electro- 
negative one such as NO,, CO,H, or Cl. This influence leads to a 
series of the following kind (I) representing a progressive change 


NO,, CO,H, halogens, OMe, H,Me, . . . (I) 


as we pass from NO, to Me. An excellent example of this type has 
been furnished by Olivier (Rec. trav. chim., 1923, 42, 516, 775) in 
the velocity of hydrolysis of substituted benzyl chlorides, for which 
the above sequence (omitting OMe) has been found to hold, irre- 
spective of the position of the substituent in the nucleus. Apart 
from occasional minor deviations, the same order of the groups is 
repeated in their influence on the velocity of a number of other 
reactions, on the dissociation of acids, and on the dielectric con- 
stants of aromatic and aliphatic compounds (Rule and Paterson, 
J., 1924, 125, 2155; Hoéjendahl, Nature, 1926, 117, 896; Errera, 
Compt. rend., 1926, 182, 1623). In addition, the general effect of 
substituents has been traced in their influence on the optical 
activity of menthyl and sec.-$-octyl esters of monosubstituted acetic 
acids (Rule and Smith, J., 1925, 127, 2188; Rule and Mitchell, 
J., 1926, 3202). 

The group effect of the second type is repieshentied by a series 
such as 


(NH,*), NO,, CO,H,CH,-CO,H, CHg, I, Br, Cl, OCH, (CO-O-) (II) 


which indicates the relative influence of the substituents on the 
nitration of a monosubstituted benzene, and on the optical rotatory 
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powers of the menthyl esters of o-substituted benzoic acids. An 
effect of this type, however, is not peculiar to benzene compounds, 
as it is also exhibited in the rotatory powers of the d-amyl deriv- 
atives, CyHy°CH,X, and in certain chemical reactions in which 
those groups which are-m-directive in benzene substitution produce 
an effect in the opposite sense to those which are o,p-directive 
(Henderson and Macbeth, J., 1922, 121, 892; Hirst and Macbeth, 
ibid., p. 904). The actual positions of the electrically charged 
ionic complexes -NH,* and -CO-O- in this series are somewhat 
indefinite, but there appears to be no doubt that the former is to 
be ranged on the left hand side of hydrogen and the latter on the 
right (Rule, J., 1927, 54). 

In connexion with the directive powers of these groups on the 
course of benzene substitution, it has been suggested that the 
differences are related to the residual valency of the substituent 
atom, leading in some cases to actual or incipient electron-sharing 
between it and the attached carbon atom (Robinson, J. Soc. Chem. 
Ind., 1925, 44, 456; Allan, Oxford, Robinson, and Smith, J., 1926, 
401; Ingold and Ingold, ibid., p. 1310). 

The present communication deals with the optical rotatory 
powers of a number of sec.-8-octyl esters of 0-, m-, and p-substituted 
benzoic acids. In Table I will be found a summary of the values of 
[Mji" obtained for the o-derivatives, together with those observed 
by Cohen (J., 1914, 105, 1892) for the corresponding menthyl 
esters, and figures illustrating the influence of the substituents on 
benzene substitution. Table II records the rotatory powers of 
sec.-8-octyl esters of m- and p-substituted benzoic acids and the 
data referring to other properties mentioned above. 

The rotatory power of d-$-octyl hydrogen phthalate in a number 
of solvents has already been determined by Pickard and Kenyon 
(J., 1907, 94, 2058), who found, for example, [M]? = + 135-2° in 
5% alcoholic solution. The rotatory powers of this ester at different 
temperatures in the homogeneous state have now been measured 
for the purpose of discovering the sign of the temperature coefficient. 
The molecular rotation of the fused phthalate is [M], = + 91-4° 
at 90-5°, and increases slowly with fall of temperature. This value 
is very much lower than that quoted above for 5% alcoholic solution, 
and determinations were therefore made of the rotatory powers in 
alcohol and acetone at concentrations up to the saturation points 
(see Table III) in the hope of deducing the rotation corresponding 
to the ester in the homogeneous supercooled state at 20°. Un- 
fortunately, the solubility of the compound proved too low for this 
to be accomplished. It could only be concluded from the rotation 
curves that the value lies between + 95° and + 117° and probably 
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approximates to 95°. In a number of other solvents the solubility 
was very much lower than in alcohol and acetone. 


TABLE I. 


Molecular Rotatory Powers, [M]i’, of Optically Active Esters of 
o-Substituied Benzoic Acids. 


l-Octyl l-Menthyl Nitration of C,H;X.} 

Substit. X. esters. esters.§ % m-. % p-. 

ee —122°* — 381° 93 0-4 

DEE Wslesousooeseps 90—117 332 76 1:2 
UALR: 77-8 f 239 ot al 
BER tiscnvsessdvalosess 68-1 231 3-1 41 
iE lavecuccirubecsenpencte 44-3 237 — 66 
WIN” epesveesorescttcs 49-2 205 0-3 62 
Ot sikdadeepaveleesss 47-1 195 — 70 
TEED + ssbnecderseseee 33-0 * 148 Chiefly p- and o-. 

TaB.eE II. 


Molecular Rotatory Powers, [M]j’, of 1-Octyl Esters of m- and 


p-Substituted Benzoic Acids. 
Dissoc. consts. of acids. Hydrolysis 
1: 2- 8) $ S- 
X. m-Esters. p-Esters. CgsH,X-CO,H. CH,X-CO,H. C,H,X-CH,Cl. 
ING» :sésede —107-8° —119-7°* 0-62 — 0-044 
CO. ... — 119-1 0-121 0-158 0-109 
Cie ....... 93-7 113-3* _— 0-033 — 
OO) scwarsicss 92-4 103-6 0-13 0-155 0-137 
TO iaeense 94-0 103-5 0-013 0-001 1-30 
ME seccacses 77°8 77:8 0-007 0-002 1-00 
TaBeE III. 
Rotatory Powers of d-Octyl Hydrogen Phthalate. 
Solvent. G./100 c.c. [M}R*. Solvent. G./100 c.c. [MR 
Alcohol (20°) 5-000 +134-0° Acetone (20°) 5-000 +121-0° 
u 20-000 131-5 99 20-000 120°1 
ve 30-000 129-5 - 30-000 119-6 
= 36-800 128-6 9 35-000 119-1 
Homog. (90:5°) _— 91-4 || 


* Rule and Numbers, J., 1926, 2116. 

+ Pickard and Kenyon, J., 1915, 107, 122. 

+ Holleman, “ Die direkte Einfiihrung von Substituenten,”’ 1910, p. 199. 

§ Cohen, loc. cit. 

|| This rotation increased slowly with fall of temperature. The recovered 
ester had a lower rotation than the initial material owing to the occurrence 
of slight decomposition in the fused state, hence it was not possible to obtain 
accurate values. 


Infiuence of Substitwents—The values recorded in Table I shov 
that ortho-substitution affects the rotatory power of sec.-f-octy! 
benzoate in precisely the same manner as it does that of menthy! 
benzoate. Substituents which are m-directive in type raise the 
rotation and those which are 0, p-directive lower it. Further, the 
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relative influence of the various substituents on rotatory power 
goes hand in hand with their relative influence on benzene sub- 
stitution. A partial exception to this statement is found in iodine, 
which undergoes a small displacement in each of the columns. 

On the other hand, the molecular rotations recorded for the m- 
and p-substituted esters reveal an influence of a totally different 
character. Here the general effect of the groups is plainly visible, 
the agreement, as might be expected, being more definite in the 
p- than in the m-series. In the sec.-8-octyl benzoates, therefore, 
we have for the first time an example of a series of optically active 
compounds in which both types of effect (I and II) can be clearly 
demonstrated. 

An increase in the rotatory power of the benzoate, following on 
p-substitution by NO,,Cl, or a similarly oriented dipole grouping, 
might have been anticipated from a knowledge of the rotatory 
powers of the substituted acetic esters. In both cases the intro- 
duction of the dipole should result in a shift of the electrons away 
from the asymmetric atom and hence to similar changes in rotation. 


CI‘CH,:CO-0-C,H,, KK 00-00 Hi 


A positively charged ionic complex should behave in the same 
manner. Nevertheless, the almost negligible change in the rotatory 
power of menthyl benzoate resulting from m- or p-substitution is a 
puzzling feature for which no adequate explanation can yet be 
advanced. 

The general effect of a given group appears to vary somewhat 
with the compound and property under examination. In Table II, 
for instance, it is seen that the methyl group, instead of occupying 
its expected place below hydrogen in the series, at times falls in 
the position above it. Similarly, the relative positions of the three 
halogens among themselves are frequently found to undergo change. 
Variations of this kind are possibly due to a superimposed secondary 
influence resulting from molecular association. It is worthy of 
remark, however, that the general effect is a powerful one, and 
readily observed even when the substituent is several removes from 
the asymmetric carbon atom. The facility with which it is trans- 
mitted through long chains has already been commented upon by 
Robinson and Robinson (J., 1926, 2204) in connexion with the 
hydration of stearolic acid (compare also Olivier and Berger, 
Rec. trav. chim., 1926, 45, 710). The influence of type II, on the 
contrary, appears to be a comparatively local one. It cannot be 
traced in the menthyl or octyl esters of substituted acetic acids 
although it is visible in the amyl derivatives, C,H,-CH,X, where 
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the substituent is only separated from the asymmetric atom by a 
single methylene group. 

Dispersion.—A\though the dispersion of most, if not all, of the 
homogeneous esters is probably complex, it is found that the 
graphs for 1/« against »*, over the range A;9g tO Aqg5g, approximate 
very closely to straight lines. The o-bromo- and o-toluic esters 
were examined over the range Agog tO Aggsg, and gave linear graphs, 
The o-nitro- and o-methoxy-derivatives (loc. cit.) show definitely 
complex dispersion. 

Values of the dispersion ratio, o4555/¢5g93, vary from 2-04 to 2-17, 
with abnormal values for the o-nitro-ester in alcohol (2-698) and 
for the o-methoxy-ester (1-51). In all cases the dispersion ratios 
tend to rise with temperature. 

Influence of Temperature.—With one partial exception, all the 
octyl esters of substituted benzoic acids so far examined are affected 
similarly by a rise in temperature, in that the influence of the 
substituent—whether resulting in a depression or in an exaltation 
of the rotatory power of the parent compound—becomes less 
pronounced. 

In the case of the o-toluic ester, however, the temperature vari- 
ations are very small. Values of [M]gy9¢ fall slightly with increasing 
temperature, and those of [M]j,35, rise somewhat. For this com. 
pound there appears to be a maximum rotatory power between 
20° and 90°, which occurs at a higher and higher temperature as the 
wave-length diminishes. 


EXPERIMENTAL 


The active sec.-8-octyl alcohol required for the following prepar- 
ations was obtained by the method of Pickard and Kenyon as 
modified by. Kenyon (J., 1922, 121, 2540). It had a rotation of 
ale’ = + §-22° (+ 0-04°) in a 1-dem. tube. 

Special care was taken to ensure the purity of the initial materials. 
In the majority of cases the acids, as purchased or prepared, were 
purified by repeated crystallisation. Terephthalic acid was obtained 
from redistilled diethyl terephthalate by hydrolysis. Acid chlorides 
were prepared by means of purified thionyl chloride and were frac- 
tionated before use. 

Unless otherwise stated, all the following esters were obtained 
in the form of colourless, odourless liquids. 

d-8-Octyl Hydrogen Terephthalate.—Terephthalic acid was con- 
verted into the diacid chloride by treatment with phosphorus 
pentachloride and the acid chloride was recrystallised from benzene 
until pure, m. p. 75—78°. 

Terephthalyl chloride (21 g.) was mixed with d-8-octyl alcohol 
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(26 g.) and pyridine (32 g.), and heated under reflux for 4 hours at 
120°. The di-ester, which cannot be distilled without decomposition, 
was separated in the usual way; yield, 33—34 g. of crude product. 

Earlier attempts to carry out the half hydrolysis. of dioctyl 
terephthalate in methyl or ethyl alcoholic solution, with or without 
the addition of water, resulted only in the formation of methyl 
or ethyl hydrogen terephthalate. The crude ester (33 g.) was 
therefore made into an emulsion with a solution of potassium 
hydroxide (5-1 g.) in water (5 c.c.) and pure d-8-octyl alcohol 
(43 g.). After 2 days, the thick, creamy mixture was heated on 
the water-bath till nearly neutral. The product was diluted with 
water and any free alcohol and unchanged ester were extracted 
with ether. The aqueous solution was made acid and the pre- 
cipitated octyl hydrogen terephthalate removed in ether. The 
washed and dried ethereal solution gave on distillation of the solvent 
17 g. of crude ester, which readily solidified. After crystallisation 
from ligroin, it melted at 95—96° and had [a] — + 45-17° in 
acetone (J = 2, c = 5-004). The rotatory power was not changed 
by three further recrystallisations. d-8-Octyl hydrogen terephthalate 
crystallises in large, transparent plates. It is readily soluble in 
ligroin and even more soluble in acetone (Found: C, 69-0; H, 8-2. 
(gH 20, requires C, 69-0; H, 8-0%). 

d-8-Octyl o-chlorobenzoate was prepared in the usual way from 
o-chlorobenzoy] chloride (12 g.), d-8-octyl alcohol (9 g.), and pyridine 
(12 g.). Yield 16-0 g.; b. p. 180°/14 mm. The rotatory power 
did not change on further fractionation (Found: Cl, 13-4. 
C,;H_,0,Cl requires Cl, 13-2%). d-8-Octyl m-chlorobenzoate from 
m-chlorobenzoyl chloride is a liquid, b. p. 175°/12 mm. (Found : 
Cl, 13-3%). d-8-Octyl p-chlorobenzoate from p-chlorobenzoyl chloride 
boils at 177—178°/12 mm. (Found : Cl, 135%). d-8-Octyl o-bromo- 
benzoate from o-bromobenzoic acid (m. p. 148-5—149°) is a colourless 
liquid, b. p. 175°/9 mm. (Found: Br, 25-3. C,;H,,0,Br requires 
Br, 25:5%). d-8-Octyl o-iodobenzoate from o-iodobenzoic acid 
(m. p. 162-5—163°) was obtained as a liquid, b. p. 202°/12 mm., 
which was coloured yellow owing to a trace of free iodine (Found : 
I, 35:3. C,;H,,O,I requires I, 35-25%). 

d-8-Octyl o-toluate from o-toluic acid boiled at 154—155°/9 mm. 
(Found: C, 77-4; H, 10-0. C,,H,,0, requires C, 77-3; H, 9-75%). 
d-8-Octyl m-toluate from m-toluic acid boiled at 181-5—182°/17 mm. 
(Found: C, 77:3; H, 99%). d-§-Octyl p-toluate from p-toluic 
acid boiled at 184°/19 mm. (Found: C, 77-25; H, 9-9%). 

Observed Densities and Rotations of the Homogeneous Esters.—The 
following rotations of the homogeneous esters were determined in a 
l-dem. tube, except in a few cases (marked *) where one of 0-5-dem. 
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was employed. Densities were measured at four temperatures 
between 20° and 95°, in a pyknometer holding 3—5 c.c. 

All rotations are of the same sign as that of the alcohol from 
which the esters are derived. 


d-8-Octyl o-chlorobenzoate (J = 1). 
Ds 1-0473 at 20°; 1-0319 at 39-0°; 1-0134 at 63°; 0-9960 at 85-0°. 
Gse93 18°36° at 19°7°; 18-50° at 363°; 18-64° at 56-0°; 18-75° at 92:1°. 
G579 19-17° at 198°; 19-27° at 363°; 19-64° at 55-3°; 19-54° at 95-3°. 
G54,  21-79° at 19-7°; 21-98° at 36°3°; 22-22° at 556°; 22-31° at 95-3°. 
@4353 36:90° at 19-8°; 37-52° at 36°3°; 38-20° at 55:3°; 38-85° at 95-6°. 


d-8-Octyl m-chlorobenzoate (J = 1). 
Dt 1-0425 at 20°; 1-0272 at 39°; 1-0087 at 63°; 0-9912 at 85°. 
35-87° at 20-0°; 34-89° at 35-0°; 33-39° at 61-2°; 31-87° at 94-3°. 
37-51° at 20-0°; 36-47° at 35-0°; 34-98° at 61-2°; 33-26° at 94-3°. 
42-74° at 20-0°; 41-53° at 35-0°; 39-87° at 61-2°; 37-88° at 94-3°. 
73-74° at 20-0°; 71-71° at 35-0°; 68-93° at 61-2°; 65-67° at 94-3°. 


25893 
25780 
25461 
24358 


1-8-Octyl p-chlorobenzoate (J = 1). 
Dt. 1-0403 at 20-7°; 1-0257 at 39°; 1-0074 at 63°; 0-9902 at 85°. 
40-10° at 20-5°; 38-90° at 37-0°; 37-58° at 55°8°; 35-21° at 95-3°. 
42-02° at 20-5°; 40-72° at 37-0°; 39-33° at 55-8°; 36-66° at 95-3°. 
47-94° at 20-5°; 46-56° at 37-0°; 44-98° at 55-8°; 41-96° at 95-3°. 
83-96° at 20-5°; 81-44° at 37-0°; 78-86° at 55-8°; 73-75° at 95-3°. 


d-8-Octyl hydrogen phthalate. 


25893 
25780 
25461 
24358 


Df, 1-027 at 72°; 1-022 at 80-6°; 1-016 at 90-5°; 1-015 at 92-5° 
Rotations at 90-5° in 1-dem. tube: agg9g = 33°40°; as799 = 35-02°; 
Gs546, = 40°46°. The rotation of the fused acid falls slowly owing 
to decomposition. A re-examination of the same specimen gave 
af?” == 39-52°; ails = 39-99°; a7 = 40-55°. 


d-8-Octyl o-bromobenzoate. 
1-1987 at 24-6°; 1-1764 at 48-8°; 1-1623 at 64-1°; 1-1435 at 84-6°. 
14-09° at 21-0°; 14-23° at 38-6°; 14-34° at 65-2°; 14-32° at 89-5°. 
18-89° at 21-0°; 19-07° at 38-6°; 19-18° at 65-2°; 19-17° at 89-5°. 
19-66° at 21-0°; 19-88° at 38-6°; 20-00° at 65-2°; 20-02° at 89-5°. 
22-53° at 21-0°; 22-73° at 38-6°; 22-92° at 65-2°; 22-93° at 89-5°. 
39-23° at 21-0°; 39-74° at 38-6°; 40-33° at 65-2°; 40-47° at 89-5°. 


d-8-Octyl o-iodobenzoate. 
1-3522 at 18-9°; 1-3239 at 47-35°; 1-3131 at 58-3°; 1-2904 at 81-4°. 
12-33° at 18-3°; 12-74° at 40-4°; 13-03° at 60-5°; 13-33° at 89-0°. 
16-57° at 18°3°; 17-20° at 40-4°; 17-58° at 60-5°; 17-58° at 89-0°. 
17-33° at 18-3°; 17-95° at 40-4°; 18-38° at 60-5°; 18-70° at 89-0°. TI 
19-87° at 18-3°; 20-64° at 40-4°; 21-10° at 60-5°; 21-54° at 89-0°. > 
Rotations could not be taken owing to the yellow colour of the ester. ff p-Su! 


d-8-Octyl o-toluate. + 


0-9522 at 22-6°; 0-9345 at 45-6°; 0-9250 at 58-1°; 0-9073 at 80-9°. 00.1 
19-64° at 20-0°; 19-31° at 39-2°; 18-71° at 70-2°; 9-16°* at 90-3°. 2 
26-18° at 20-0°; 25-78° at 39:2°; 25-00° at 70-2°; 12-25°* at 90-3°. ment 
27°32° at 20-0°; 26-88° at 39-2°; 26-10° at 70-2°; 12-77°* at 90:3°. on t 
31-10° at 20-0°; 30-64° at 39-2°; 29-79° at 70-2°; 14-615°* at 90-3°. b 
53°36° at 20-0°; 52-78° at 39-2°; 51-64° at 70-2°; 25-42°* at 90:3°. subst 
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1-8-Octyl m-toluate. 

0-9492 at 20°; 0-9245 at 52-9°; 0-8997 at 84-7°. 

36-09° at 17-6°; 34-38° at 48-2°; 33-31° at 66-0°; 32-94° at 74-6°; 
15-91°* at 98-2°. 

37°72° at 17-6°; 36: 18° at 43-2°; 34-82° at 66-0°; 34-41° at 74-6°; 
16-64°* at 98-2  ¥ 

43-04° at 17-6°; 41- 36° at 43-2°; 39-74° at 66-0°; 39-32° at 74-0°; 
18-96°* at 98: °2°. 

74:97° at 17-6°; 71-89° at 43-2°; 69-20° at 66-0°; 68-72° at 73-5°; 
33-10°* at 98-2°. 


1-8-Octyl p-toluate. 


0-9492 at 20°; 0-9264 at 49-5°; 0-9025 at 80-3°. 


39°45° at 22-2°; 38-65° at 36-6°; 37-77° at 52-4°; 5°* at 98-7°. 


in at 98-7°. 
°* at 98-7°. 


47-25° at 21-8°; 46-30° at 36-6°; 45-40° at 52-4°; 


17-65 

41-29° at 22-0°; 40-45° at 36-6°; 39-26° at 57- 2°; 18-45°* at 98-7°. 
21-0 

82-50° at 21-8°; 81-14° at 35- 4°; 79:46° at 52-4°; 37-1 


Dispersion Ratios of the Homogeneous Esters. 


d-B-Octyl d-B-Octyl 1-B-Octyl d-B-Octyl] 

o-chloro- m-chloro- p-chloro- o-bromo- 

benzoate. benzoate. benzoate. benzoate. 
4358. 74358 74358 94358 
Di‘. 25 893° D*.. 5 893° Di. 5 893° Dt. 5 893- 
1:0473 2-010 1:0425 2-055 1-0411 2-092 1-2029 2-076 
1:0313 2-029 1:0267 2-059 1:0252 2-098 1:1845 2-084 
1:0156 2-043 1-0111 2-064 1-0097 2-098 1-1661 2-098 
0-9997 2-061 0-9954 2-064 0-9941 2-097 1-1477 2-109 
0:9918 2-067 0-9914 2-062 00-9903. 2-096 1-1385 2-112 


1-B-Octyl d-B-Octyl l-B-Octyl d-B-Octyl 
o-toluate. m-toluate. p-toluate. o-iodobenzoate. 


0:9542 2-038 0-9492 2-077 0-9492 2-089 11-3511 1-200f 
0-9388 2-047 0-9339 2-076 00-9337 2-097 1-3313 1-200t 
0:9235 2-059 0-9187 2-078 00-9182 2-104 1:3115  1-200t 
0-9080 2-069 0-9035 2-080 0-9028 2-108 1-2918 1-203} 
0:9003 2-074 0-8959 2-080 0-8951 2-110 1:-2819 1-207} 


T 5161/45s93- 


Rotatory Powers of d-8-Octyl Hydrogen Terephthalate in Solution. 


t. Solvent. G./100 c.c. [M]ss03- [M]szeo- [M]sae1- [Masse G4358/@5293- 
20° Acetone 5-004 125°5° 132-5° 149-2° 265-6° +12 
18-3. Benzene 4-304 119-0 125-3 142-1 258-6 

18-0 Alcohol 5-020 119-1 126-4 145-2 253-0 


Summary. 


The rotatory powers of a number of octyl esters of o-, m-, and 
p-substituted benzoic acids have been determined in the homo- 
geneous state, with the following results. 

1. The relative influence of o-substituents is given by NO,> 
CO,H >H>Me>Br>Cl>I>OMe. Except for a small displace- 
nent of I, this series also represents the influence of the substituents 
on the rotatory power of menthyl benzoate and on _ benzene 
substitution. 
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2. In the m- and p-positions the influence of the substituents 
accords closely with their general effect, e.g., for the p-scrics 
NO,>CO,H>OMe>Cl>CH,>H. The electron-shift theory of 
the general effect being assumed, the change of rotation is in the 
direction anticipated from a knowledge of the rotatory powers of 
the substituted acetic esters. 


The authors desire to express their indebtedness to the Earl of 
Moray Fund for a grant which has covered most of the expense 
incurred during this research. 
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XXVIT.—A plications of Thallium Compounds in 
Organic Chemistry. Part IV. Thallium Com- 
pounds of Polyhydroxy-compounds. 

By Rospert CHarLtes Menzies and MARGARET ELIZABETH KIEsER. 


In Part I (Menzies and Wilkins, J., 1924, 125, 1151), the quali- 
tative reactions of thallous hydroxide with the sugars were described 
and it was shown that colour changes took place on heating, which 
were marked in the cases of glucose and fructose, the metal being 
reduced as a mirror under suitable conditions. 

On boiling sucrose and mannitol, however, with 10% thallous 
hydroxide solution a faint yellow colour alone appears. 

The precipitates formed in the cold when concentrated aqueous 
solutions of fructose, glucose, and galactose are mixed with a 
solution of thallous hydroxide give indefinite analytical figures, but 
definite compounds are formed by methylglucoside, and methyl- 
arabinoside, in which the reducing group is masked, and also by 
thallous gluconate and by sorbitol, from which it is absent. As a 
useful criterion of the purity of these compounds is a comparison 
of the total thallium content estimated by precipitation as iodide 
or as chromate with that estimated by titration, it is recalled that 
thallium replacing hydrogen in non-acidic hydroxyl groups is 
hydrolysed by water and may be estimated by titration with acid, 
1 c.c. of N-acid indicating 0-2044 g. of the metal (see Part II, 
J., 1925, 127, 2372). 

The hydrolysis of thallous ethoxide, thallous phenoxide, and 
trithallium methylarabinoside, for instance, is so complete that 
estimations of the metal by titration and by precipitation give the 
same percentage figure. The normal thallous salts of acids, such 
as thallous tartrate, are not hydrolysed by water, the aqueous 
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slutions have a neutral reaction, and none of the thallium is 
estimable by titration. In hydroxy-acids in which thallium has 
replaced the hydrogen of both carboxyl and hydroxyl groups, that 
replacing the latter only is hydrolysed by water, so that part only 
of the metal is estimated by titration; e.g., the thallium estimated 
by titration of tetrathallium tartrate, C,H,(OT1),(CO,T1), (Part II), 
is half that estimated by precipitation as iodide, and titration of 
hexathallium gluconate, C;H,(OT1);(CO,T1), indicates five-sixths of 
the total thallium, which may be estimated by precipitation. The 
formation of acid oxidation or decomposition products may lead 
to the contamination of the compounds with the thallium salts of 
these acids and thus depress the titration value, the total thallium 
content not being changed to the same extent, so that determin- 
ations of both values are necessary for the characterisation of the 
pure compounds. 

The most marked example of this contamination yet encountered 
is afforded by a precipitate, obtained by treating fructose with 
35 equivalents of thallous hydroxide [C,H,O,(OT1),, C,H,0,(OT]),, 
and CsH,O(OTI); require Tl, 77-6, 82-3, and 85-4%, respectively], 
which gave 79-2% of metal as iodide but 54:9% by titration, 
indicating that acid products had been formed by oxidation of the 
fructose in amount sufficient to neutralise rather less than one- 
third of the thallous hydroxide formed by hydrolysis. Treatment 
of solutions of glucose and galactose in the cold with six equivalents 
of aqueous thallous hydroxide gave precipitates which showed high 
analytical figures—from glucose, Tl, 83-8, 83-59% by precipitation, 
76-0, 77-1% by titration: from galactose, Tl, 81-6% by precipit- 
ation, 764% by titration—but here again the divergence is 
evidence of decomposition, and none of the three precipitates can 
be regarded as a well-defined compound, the combined action of 
the easily reducible metal and of atmospheric oxygen (not excluded 
in any of the experiments described) attacking the sugars in the 
alkaline solution even in the cold. 

A closer approximation to a definite composition is shown by 
trithallium methylglucoside, the thallium estimated by precipitation 
being in good agreement with that required by the formula 
0,H,,0,(OTl), (Fear and Menzies, J., 1926, 937). The thallium 
estimated by titration, however, is always less than that found by 
precipitation, the difference increasing the longer the aqueous 
solutions of the samples have been boiled; e.g., a specimen which 
was filtered off shortly after the hot solutions of methylglucoside 
and thallous hydroxide were mixed gave Tl 76-4% by precipitation 
and 73-4% by titration, whereas a second crop, indistinguishable 
from the first in appearance, obtained by concentrating the mother- 
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liquor to half its bulk by boiling, gave corresponding values of 
76-15 and 69-2% (the above formula requires Tl, 76-2%). For § #5 
specimens rapidly prepared, titration values exceeding 75°, have § ‘¢ 
been obtained. in) 

Methylarabinoside, which resembles methylglucoside in containing § 
three secondary alcoholic groups but differs from it in containi 
no primary alcoholic group (Hirst, J., 1925, 127, 358), also forms a of | 
trithallium derivative, the precipitation and titration values of Cal 
which are in close agreement (Found: TI, by precipitation 78-7, § ™ 
by titration 78-8. ©,H,O,Tl, requires Tl, 79-2%). In a second § 1 
crop, obtained from the mother-liquor concentrated to small bulk 
by boiling, the thallium found by precipitation was 79%, and by glu 
titration, 78:1%. A solution of trithallium methylarabinoside, § °“ 
however, which had been boiled and allowed to cool slowly, gave § #" 
on titration Tl 74-2%, suggesting that the greater ease with which § "@' 
this substance can be obtained pure may be due to the greater 
solubility of the impurity formed on heating. The non-substitution , 
of one of the four hydroxylic hydrogen atoms of methylglucoside § ** 
may be connected with the lack of activity of one of the hydroxyl glu 
groups of glucose to which attention has been directed by Schlu. 
bach and Firgau (Ber., 1926, 59, 2100), but a complete explanation of 
cannot yet be attempted, as both gluconic acid and sorbitol form 
thallium derivatives in which all six available hydrogens are§ 
replaced by thallium, whereas solutions of sucrose mixed with 
thallous hydroxide in widely differing molecular proportions deposit 
tetrathallium sucrose, which it is hoped to describe in a future 


communication. 
EXPERIMENTAL, ay 
The two crops of érithallium methylarabinoside, details of the elu 
analyses of which have been given above, weighed together 1-14 g. nia 
and were prepared from 0-8 g. of «-methylarabinoside (kindly pre- bra 
sented by Dr. A. K. Macbeth) and slightly more than 3 equivs. of ol: 
thallous hydroxide, made by boiling 3-85 g. of thallous ethoxide | "¥' 
(theoretical quantity for 3 equivs., 3-75 g.) with water until much 13¢ 
hydroxide separated on cooling. The substance is exceedingly 50° 
soluble in water, the first crop being obtained by concentrating the lisa 
solution to small bulk by boiling, and the second from the mother. § "° 
liquor in the same way. Both crops were filtered off with suction, 4 
washed with a little water, and dried on a porous plate over phos § * . 
phoric anhydride. They darkened at 160°, became black between boi 
200° and 210°, and melted and frothed at 215—220°. 4 
When the mother-liquor was evaporated to dryness in a desiccator: a 


yellow scales (0-77 g.) were formed which did not adhere to the 
bottom of the dish (Found by titration: Tl, 726%). There wa gf > 


second 


ll bulk 
ind by 
noside, 
r, gave 
which 
sreater 
itution 
icoside 
droxyl 
Schlu- 
nation 
1 form 
1s are 
lL with 
leposit 
future 


of the 
1-14 g. 
y pre- 
ivs. of 
noxide 
much 
dingly 
ng the 
other- 
iction, 
phos- 
tweell 


cator 
(0 the 
e was 


COMPOUNDS IN ORGANIC CHEMISTRY. PART IV. 189 


also a very small amount of a substance which adhered firmly to 
the bottom of the dish in rounded aggregates; these appeared white 
in reflected light, yellowish-brown in transmitted light, and as red 
circles with dark crosses in polarised light between crossed Nicols. 

When 4 equivalents of thallous ethoxide were used, a first crop 
of 1-3 g. was obtained (Found : Tl, 78-8 as iodide; 78-0 by titration. 
(alc.: Tl, 79-2%). The second crop obtained by boiling was very 
small in amount, a colourless, transparent jelly being also formed. 
Trithallium methylarabinoside is unaltered by daylight. 

Thallous Gluconate——The preparation of crystalline thallous 
gluconate was delayed for 3 years owing to inability to obtain a 
nucleus. Treatment of a well-crystallised sample of mercury 
gluconate (Heffer, Ber., 1889, 22, 1049) with metallic thallium and 
water until the solution was free from mercury, and subsequent 
evaporation, gave a syrup which, after being flooded with methyl 
alcohol, crystallised over-night and then served to nucleate larger- 
scale preparations. By double decomposition of 11-2 g. of barium 
gluconate with a slight excess of thallous sulphate 10-5 g. of crude 
thallous gluconate (yield, 68°) were obtained. Several preparations 
of gluconic acid, each made from 50 g. of glucose by oxidation with 
bromine in the usual way, gave yields of 20—25 g. of thallous 
gluconate on neutralisation with thallous hydroxide solution, fol- 
lowed by evaporation to small bulk, nucleation, and subsequent 
recrystallisation. 

Thallous gluconate is very soluble in water, a saturated solution 
forming a heavy viscous syrup from which rosettes of prisms 
crystallise slowly on nucleation. A sample prepared from barium 
gluconate and thallous sulphate had [«]) + 3-3° in water (c = 
424%). It darkened at 134° and melted at 134—144° to a clear 
brown liquid (Found: TI, 50-8, 51-2. C,H,,0,Tl requires TI, 
51-2%). A sample prepared from gluconic acid and thallous 
hydroxide had [«], + 4-4° in water (c = 39%). It darkened at 
136° and melted at 133—138° to a very dark liquid (Found : Tl, 50-3, 
50-6%). Thallous gluconate crystallises without water of crystal- 
lisation : a sample left over-night over phosphoric anhydride lost 
no further weight at 100°. 

Hexathallium Gluconate.—Thallous gluconate (22 g.) in 80 c.c. of 
water was heated with a thallous hydroxide solution prepared by 
boiling 66 g. of thallous ethoxide (theoretical quantity for 5 equivs. , 
68-7 g.) with 100 c.c. of water until the alcohol formed was expelled ; 
44-3 g. of crude hexathalliwm gluconate were obtained as a yellow 
powder [Found: Tl, 85-2 by precipitation, 70-6 by titration. 
C;H,(OT1),*CO,T1 requires Tl, 86-6% by precipitation, 72-2% by 
titration]. After some weeks the crude compound, which was 
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superficially darkened by light, was washed with a little hot water, 
filtered off with suction, and again dried to constant weight (Found 
by precipitation: Tl, 85-3, 85-35%. Found by titration, the 
standard acid being run directly on to the dried solid: Tl, 70-9 
69-8%. Found by titration in three separate experiments in which 
the salt had previously been dissolved in warm water: Tl, 65-75, 
66-7, and 68%). A solution of the salt which had been boiled and 
allowed to stand for $ hour gave Tl 65-6% on titration, and a sample 
which had been heated dry at 100° for 1 hour gave Tl 63-1%. 


Theoretical figures, however, were obtained for a sample made| 


from 4 g. of thallous gluconate and 12-3 g. of thallous ethoxide 
treated with water as before, and analysed immediately after it 
had dried to constant weight (Found: Tl, 86-6% by precipitation, 
72-1% by titration). 

Aqueous solutions of hexathallium gluconate are levorotatory. 

Thallium Compound of Sorbitol.—12-25 G. of the crude compound 
were obtained from 2 g. of sorbitol and an aqueous solution o! 
thallous hydroxide made by treating 18 g. (6} equivs.) of thallous 
ethoxide with water [Found: Tl, 86-6 by precipitation, 84-4 by 
titration. C,H,(OT1), requires Tl, 87:-5%]. After being washed 
with 15 c.c. of hot water, filtered off with suction, and again dried 
to constant weight, the substance gave Tl 86-8%, by precipitation 
and 86-4°% by titration. A sample which had been kept for 6 
months gave Tl 80-7% on titration. The compound is superficially 
darkened by daylight. 

9-4 G. of the compound were obtained in a second preparation 
from 2 g. of sorbitol and thallous hydroxide prepared from 12:4 g. 
of thallous ethoxide (44 equivs.) (Found: Tl, 86-4% by pre 
cipitation, 87-9, 87-4% by titration). After being washed with 
water and treated as described above, the substance gave T] 86-9%, 
by precipitation and 87-7% by titration. 

The first of the above washings contained 9-6 g. of dissolved 
solid in 100 c.c., was faintly dextrorotatory, and gave strikingly 
different figures on analysis by the two methods (Found: 1, 
78:3% by precipitation, 57:5°%% by titration). 


Grants are acknowledged with thanks from the Research Fund 
Committee of the Chemical Society and from the Colston Research 
Committee. 
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XXVIII.—-Studies in Adjacent Substitution. Part I. 
Some Reactions of 3-Chloro-2-aminoanisole. 
By Hersert Henry Hopcson and ARNOLD KERSHAW. 


ReEacTIONS already described of 3-halogeno-2-nitrophenols (Hodgson 
and Moore, J., 1925, 127, 2260; 1926,155; 1927, 1141) and 3-chloro- 
2-nitroanisole (Hodgson and Handley, J., 1926, 542) showed 
peculiarities which were tentatively ascribed to adjacent substitution. 
The results of the present investigation support that supposition. 

3-Chloro-2-aminoanisole forms stable salts with hydrochloric, 
hydrobromic, and nitric acids (compare the stable hydrates of 
3-chloro-2-nitrophenol, Joc. cit.) and the sulphate, in marked 
contrast to aniline sulphate, is very soluble in water. The diazonium 
salts are stable even in boiling aqueous hydrochloric or sulphuric 
acid over a wide range of concentrations (compare Meldola, Wool- 
cott, and Wray, J., 1896, 69, 1327) and replacement of the diazo- 
group by hydroxyl has not yet been effected. Its replacement by 
halogens and cyanogen, however, takes place normally in the 
Sandmeyer reaction. 3-Chloro-2-cyanoanisole cannot be hydro- 
lysed to the acid by the usual methods. 

The colours of the hydrazones formed from 3-chloroanisyl-2- 
hydrazine and o-, m-, and p-nitrobenzaldehydes and the colours 
developed by products in alcoholic alkali are very similar to those 
given by the respective o-, m-, and p-nitrobenzaldehyde-2-chloro- 
phenylhydrazones (Chattaway and Clemo, J., 1923, 123, 3041). 

The dyes formed by coupling diazotised 2-chloro-3-aminoanisole 
with Schaffer, R-, and N.W. salts give on wool colours which are 
more reddish-orange than those given by the corresponding unsub- 
stituted aniline azo-dyes and exhibit the powerful hypsochromic 
effect of chlorine in the o-position with respect to the azo-group 
(compare Hodgson and Handley, this vol., p. 165). The differences 
in shade between the scarlet-red colours produced by the corre- 
sponding o-anisidine azo-dyes and the reddish-orange colours 
mentioned above are much greater than the differences in the case 
of the azo-dyes formed from aniline and from o-chloroaniline, the 
bathochromic effect of the methoxy-group being almost completely 
inhibited in the presence of the o-substituted chlorine. 


EXPERIMENTAL. 
3-Chloro-2-aminoanisole.—Iron powder (20 g.) was slowly added 
to a mixture of 50% acetic acid (140 g.) and 3-chloro-2-nitroanisole 
(30 g.) on the water-bath. After the vigorous reaction had 
abated, the mixture was heated for 1 hour and made slightly 
alkaline with sodium hydroxide solution, and 3-chloro-2-amino- 
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anisole was then obtained by steam-distillation in excellent yield as 
a colourless oil, b. p. 246° (slight decomp.) (Found: Cl, 22-4, 
C,H,ONCI requires Cl, 225%). It has a pleasant odour and is 
almost insoluble in water. It gives a brown coloration with 
bleaching powder after a few minutes, and a dark brown precipitate 
with bromine water. The carbylamine reaction only takes place 
with difficulty. The hydrochloride crystallises from water, in which 
it is only sparingly soluble, in long, colourless needles, m. p. 211° 
(Found: Cl, 36-5. C,H,ONCI,HCl requires Cl, 36-6%), the hydro. 
bromide in colourless needles which sublime at 250° (0-0932 g. gave 
0-1313 g. of silver halides. Calc.: 0-1296 g.), and the nitrate, which 
is much more soluble, in colourless needles, m. p. 137° (Found: 
Cl, 16-3. C,H,ONCI,HNO, requires Cl, 16-1%). The monoacetyl 
derivative, prepared from the amine (2 g.) and acetic anhydride 
(2-5 g.) on the water-bath, crystallises from 60% alcohol in colourless 
prisms, m. p. 123° (Found: Cl, 17-5. C,yH,,O,NCl requires Cl, 
17-8%). The diacetyl derivative, formed by heating the amine with 
excess of acetyl chloride in glacial acetic acid, crystallises from dilute 
acetic acid in large, colourless plates, m. p. 145-5° (Found : Cl, 15-0. 
C,,H,,0,NCI requires Cl, 14:7%). The benzoyl derivative separates 
from alcohol in fine, colourless needles, m. p. 135° (Found : Cl, 13-9. 
C,,H,,0,NCl requires Cl, 13-6%). 

2 : 3-Dichloroanisole, long, colourless plates, m. p. 33°, from alcohol 
(Holleman, Rec. trav. chim., 1917, 37, 96, gives m. p. 31°) (Found: 
Cl, 39-9. Cale.: Cl, 40-1°%), 3-chloro-2-bromoanisole, long, colourless 
plates, m. p. 50° (0-1549 g. gave 0-2308 g. of silver halides. Calc.: 
02318 g.), 3-chloro-2-iodoanisole, colourless, crystalline clusters, 
m. p. 53-5° (0-0999 g. gave 0-1424 g. of silver halides. Calec.: 
0-1408 g.), and 3-chloro-2-cyanoanisole, fine, colourless needles, m. p. 
114-5°, slowly volatile in steam (Found: Cl, 21-0. C,H,ONCI 
requires Cl, 21-2%), were all obtained in excellent yield by the 
Sandmeyer method. 

3-Chloro-2-thiocyanoanisole forms colourless needles, m. p. 43° 
(Found: Cl, 17-9. C,H,ONCIS requires Cl, 17-8%), volatile in steam. 

3-Chloroanisole-2-diazoperbromide was obtained in bright orange 
micro-needles, m. p. 115—116° (decomp.), when a slight excess of 
bromine, dissolved in aqueous potassium bromide, was added to an 
aqueous solution of 3-chloroanisole-2-diazonium sulphate (0-0726 g. 
gave 0-1274 g. of silver halides. Calc.: 0-1254g.). When boiled with 
glacial acetic acid, it gave 3-chloro-2 : 6-dibromoanisole; which 
crystallised from dilute acetic acid or alcohol in fine, colourless 
needles, m. p. 92° (0-0526 g. gave 0-0920 g. of silver halides. Cale.: 
0-0906 g.) and was identified by comparison with a specimen obtained 
by the sulphonation of m-chlorophenol (the p-sulphonic acid 
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produced was identified in the form of potassium 3-chloro-6-nitro- 
phenol-4-sulphonate), dibromination, desulphonation, and methyl- 
ation. 

3-Chloroanisole-2-diazoimide, obtained by the action of ammonia 
on the diazoperbromide, was volatile in steam and crystallised from 
light petroleum in pale yellow prisms, m. p. 35° (Found: Cl, 19-4. 
C,H,ON,CI requires Cl, 19-3%). 

3-Chloroanisyl-2-hydrazine hydrochloride, prepared by the reduction 
of 3-chloroanisole-2-diazonium chloride with stannous chloride in 
concentrated hydrochloric acid solution, crystallised from water in 
colourless needles (Found: Cl, 34-1. C,H,ON,Cl,HCI requires Cl, 
34:0%). The following hydrazones were prepared and crystallised 
from glacial acetic acid ; the colours developed in alcoholic potassium 
hydroxide are recorded after the analysis: Benzaldehyde-3-chloro- 
anisyl-2-hydrazone, pale yellow prisms, m. p. 92° (Found: Cl, 13-4. 
C44H,,0N,Cl requires Cl, 13-6%). o-Nitrobenzaldehyde-3-chloro- 
anisyl-2-hydrazone, deep crimson rhombs, m. p. 131° (Found: Cl, 
11-6. C,,H,.0,N,Cl requires Cl, 11-6%); deep green in the cold, 
changed to emerald-green on heating. m-Nitrobenzaldehyde-3- 
chloroanisyl-2-hydrazone, yellow micro-crystals, m. p. 131° (Found : 
Cl, 11-4%); brown, changed to golden-brown on heating. p-Nitro- 
benzaldehyde-3-chloroanisyl-2-hydrazone, vermilion micro-prisms, 
m. p. 105° (Found : Cl, 11-4%); olive-green, changed to bright blue 
in the cold and to bluish-black on heating. 

Dyes.—3-Chloro-2-aminoanisole was diazotised and coupled in the 
usual way with Schaffer, R- and N.W. acids in alkaline solution. 
With concentrated sulphuric acid the powdered dyes gave bright red, 
bluish-red, and violet colours respectively. 


The authors desire to thank the Department of Scientific and 
Industrial Research for a grant to one of them (A. K.) and the 
British Dyestuffs Corporation for gifts of chemicals. 
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XXIX.—T'riazole Compounds. Pari II. Methylation 
of Some 1-Hydroxy-1 : 2 : 3-benztriazoles. 
By Oscar L. Brapy and Cepric V. REYNOLDs. 


ln Part I (J., 1923, 123, 2258) it was shown that 6-nitro-1-hydroxy- 

5-methyl- and 6-nitro-1-hydroxy-4-methyl-1 : 2 : 3-benztriazoles (I 

and II) on methylation gave mixtures of O- and N-methyl deriv- 

atives, the former greatly preponderating, whereas 4-nitro-1-hydroxy- 

dior 7)-methyl- and 4-nitro-l-hydroxy-6-methyl-1 : 2 : 3-benztri- 
H 


194 BRADY AND REYNOLDS: TRIAZOLE COMPOUNDS. PART It. 


azoles (III and IV) gave only sti aan under similar 
conditions. 


Me 
Me’ \——_ N Cu 
NO, N NO\ UA a Me CO} 
N-OH N-OH on 


() l (aL. ~ (III. ‘i (IV.) 

“ 6p rs 

N-OMe . NMe Yous 
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Since in (III) and (LV) the nitro-group in the ortho-position with 
respect to the triazole ring may be expected to cause the compounds 
to be stronger acids than (I) and (II), it seems likely that the 
mechanism of methylation is analogous to that for the oximes 
(Brady and Goldstein, J., 1926, 2403), that is, the formation of the 
O-methyl derivative is an ionic and of the N-methyl derivative a 
molecular reaction. The former reaction would be favoured by 
employing a highly dissociated salt of a strong acid. Now the 
yield of the N-methyl compound in the above cases was small and, 
if these views are correct, 1-hydroxy-1 : 2: 3-benztriazole should 
give a much larger proportion of the N-methyl derivative. This is 
so, the ratio of O- to N-methyl derivative being about 1-6 to 1. 
Moreover, when the methylation is carried out with the free 
hydroxybenztriazole in non-ionising solvents the sole product is 
the N-methyl compound, this reaction also being analogous to that 
of the aldoximes (Brady, Dunn, and Goldstein, J., 1926, 2394). 
Further, 1-hydroxy-6-methyl-1 : 2: 3-benztriazole, which should 
be a weaker acid than 1-hydroxy-1 : 2 : 3-benztriazole, gives a still 
larger proportion of N-methyl derivative, the ratio of O- to N-com- 
pound being about 1-1 to 1. Methyl sulphate in aqueous alkali 
produces a greater amount of N-compound, as compared with 
O-compound, than does methyl iodide in alcoholic sodium ethoxide, 
but the same relative difference occurs between the two methods of 
methylation as applic to 1-hydroxy-1 : 2: 3-benztriazole and 
1-hydroxy-6-methyl-1 : 2 : 3-benztriazole. 

In Part I the aaunlinitiinn of the N-methyl compound was left 
undetermined, the choice being between the following formule: 
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This problem has now been solved. Structure (VII) was rejected 
because the N-methyl compound on reduction gave 1-methy]l- 
1:2:3-benztriazole (VIII), which is formed from methyl- 
o-phenylenediamine (IX) by the action of nitrous acid. 


N NH, 
(V.) or (VI.) ——> N <— NHMe 
(vItI.) NMe (IX.) 


The choice fell finally on (V) as the result of the consideration of 
the reduction of 1 : 6-dimethyl-1 : 2 : 3-benztriazole 1-oxide (X) to 
1: 6-dimethyl-1 : 2 : 3-benztriazole (XI), which was synthesised 
from 4-amino-3-methylaminotoluene (XII), the methyl group in 
the 6-position enabling a differentiation to be made between the 
]- and the 3-position in the triazole ring. The reactions involved were 
as follows : 
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3: 6-Dimethyl-1 : 2 : 3-benztriazole (XIII) was synthesised in 
the unlikely event i (XI) and (XIII) being tautomeric and was 
found to be quite distinct from (XI). 
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EXPERIMENTAL. 

1-Hydroxy-1 : 2 : 3-benztriazole.—o-Nitrophenylhydrazine was first 
prepared by Bischler’s method (Ber., 1889, 22, 2801), but a cleaner 
and more rapid way was one analogous to that used by Davies 
(J., 1922, 121, 715) for the preparation of the p-nitro-compound, 
A solution of o-nitroaniline (10 g.) in concentrated hydrochloric acid 
(21 ¢.c.) at 100° was cooled to 5° and diazotised (5 g. of sodium 
nitrite in 35 c.c. of water). The solution was then filtered from a 
small amount of brown precipitate and run, during 5 minutes, into 
a solution of crystallised sodium sulphite (41 g.) in N-sodium 
hydroxide (100 ¢.c.) cooled below 0°. The deep red solution after 
5 minutes was treated with concentrated hydrochloric acid (70 c.c.) 
and warmed to 60°. After 3 minutes, yellow needles separated. 
The mixture was cooled and kept for 24 hours and the crystalline 
precipitate, which probably consisted of sodium o-nitrophenyl- 
hydrazinemonosulphonate, was then collected and heated with 
concentrated hydrochloric acid (20 c.c.) for 10 minutes on the 
water-bath. The hydrochloride of o-nitrophenylhydrazine that 
separated on cooling was dissolved in a small quantity of hot 
water, and a cold saturated solution of sodium acetate added. 
After cooling, the o-nitrophenylhydrazine (7 g.) was collected, 
washed with water, air-dried, and crystallised from alcohol. Re- 
placing the sodium suphite by ammonium sulphite did not give 
such a good result, the mono-ammonium sulphonate being more 
soluble than the corresponding sodium salt. 

1-Hydroxy-1 : 2 : 3-benztriazole was prepared in nearly theoretical 
yield by the action of 25°, potassium hydroxide solution on o-nitro- 
phenylhydrazine (Zincke and Schwarz, Annalen, 1900, 311, 332), 
but it can conveniently be obtained from the intermediate product 
in the above preparation, sodium o-nitrophenylhydrazinemono- 
sulphonate. This compound, after being freed from water as com- 
pletely as possible by means of a water-pump, was boiled under 
reflux with alcohol (100 c.c.), and an alcoholic solution of potassium 
hydroxide (rather more than 2 mols.) run in during 30 minutes; 
the colour then changed from bright yellow through purple to light 
brown. The alcohol was removed by distillation, the residue 
dissolved in boiling water, the solution filtered, cooled, and acidified 
with concentrated hydrochloric acid, and the precipitated hydroxy- 
benztriazole crystallised from hot water containing animal charcoal. 

o-Bromonitrobenzene (5 g.) was boiled with alcohol (100 c.c.) and 
50% hydrazine hydrate (15 c.c.) under reflux for 30 hours. After 
distillation of the alcohol, and of the unchanged bromonitrobenzene 
in steam, the aqueous residue was filtered, evaporated to a small 
bulk, and acidified with hydrochloric acid; the hydroxytriazole 
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was then precipitated in 60% yield. The addition of copper bronze 
during the boiling with hydrazine did not facilitate the reaction. 

o-Bromonitrobenzene (5 g.) was heated with 50% hydrazine 
hydrate solution (10 c.c.) in a sealed tube at 160° for 6 hours. The 
solution, after being acidified with hydrochloric acid, neither gave 
a precipitate nor yielded anything to ether. From the solution, 
made alkaline, chloroform extracted 1 : 2: 3-benztriazole. At the 
temperature used, the excess of hydrazine hydrate reduced the 
hydroxybenztriazole first formed. 

1-Hydroxy-1 : 2 : 3-benztriazole is precipitated from a solution 
of its sodium salt at 0° as an unstable hydrate which loses water 
on drying in the air. 

1-Acetoxy-1 : 2 : 3-benztriazole was obtained by warming the 
hydroxybenztriazole (1 g.) with acetic anhydride and one drop of 
concentrated sulphuric acid on the water-bath and pouring the 
cooled solution into a saturated solution of sodium carbonate at 0°; 
the solid obtained, after being washed once with water and dried 
immediately on a porous tile for a few minutes, crystallised from 
henzene, containing a few drops of acetic anhydride, in colourless 
prisms, m. p. 98° (Found : N, 23-7. C,H,O,N; requires N, 23-7%). 
The compound is readily hydrolysed by warm dilute sulphuric acid ; 
it decomposes in a few days when left exposed to the air and more 
slowly in a corked vessel. Nietzki and Braunschweig (Ber., 1894, 
27, 3381) and Zincke and Schwarz (Annalen, 1900, 311, 332) were 
unable to obtain this acetyl compound and stated that acetic 
anhydride was without action on the hydroxybenztriazole. 

1-Benzoyloxy-1 : 2 : 3-benztriazole, prepared from the hydroxy- 
benztriazole (1 g.), 2N-sodium hydroxide (50 c.c.), and benzoyl 
chloride (5 g.), crystallised from benzene-—light petroleum in colour- 
less needles, m. p. 77° (Found: N, 17-8. C,,;H,O,N, requires N, 
17-6%). This compound, which was also prepared at 0° by the 
pyridine method of benzoylation, is more stable than the acetyl 
derivative, but decomposes slowly on exposure to air. On 
hydrolysis with dilute sulphuric acid, it gives benzoic acid and 
hydroxybenztriazole. 

Reduction of the hydroxybenztriazole. Zincke and Schwarz (loc. 
cit.), by heating the hydroxybenztriazole with hydriodic acid in a 
sealed tube at 140—150°, obtained a polyiodide of 1 : 2 : 3-benz- 
triazole; but if it (2 g.) is heated with hydriodic acid (6 c.c.; d 1-7) 
and red phosphorus (4 g.) in a sealed tube at 140—150° for 4 hours 
no polyiodide is formed. After dilution, filtration, evaporation to 
half bulk, neutralisation with a saturated solution of sodium 
carbonate, and extraction with chloroform, an almost quantitative 
yield of 1 : 2: 3-benztriazole was obtained, which was identified by 
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conversion into its acetyl derivative and comparison with a specimen 


prepared from o-nitroacetanilide by Bell and Kenyon’s method § 


(J., 1926, 954). 

Methylation of 1-Hydroxy-1 : 2 : 3-benztriazole.-—There is no men. 
tion in the literature of the methylation of the hydroxybenztriazole, 
but Nietzki and Braunschweig (Ber., 1894, 27, 3382) stated that 
ethyl iodide had no action, even at a high temperature. 

With methyl sulphate. When the hydroxybenztriazole (2 g.) in 
2N-sodium hydroxide (50 c.c.) was treated with methyl sulphate 
(6 g.) in small portions with constant shaking, the temperature rose 
to 60° and a small amount of white solid separated. The mixture 
was warmed on the water-bath to complete the reaction and then 
distilled in steam. The aqueous distillate, in which crystals were 
floating, was extracted with chloroform and after drying and 
removal of the solvent the residual oil solidified on cooling. After 
crystallising from alcohol, 1-methoxy-1: 2: 3-benztriazole was 
obtained in colourless needles, m. p. 89° (Found: N, 28-2; OMe, 
20-2. C;H,ON, requires N, 28-2;, OMe, 208%). The average 
yield from a number of experiments was 0-8 g. 

From the aqueous residue in the distilling flask, after concen- 
tration, repeated extraction with chloroform removed 1-methyl- 
1:2: 3-benztriazole 1-oxide, which crystallised from alcohol or 
benzene-light petroleum in colourless needles, m. p. 145° (Found: 
N, 28-1. C,H,ON, requires N, 28-2%). The average yield was 
0-4 g. On heating this compound with hydriodic acid, no methy| 
iodide was evolved. 

The aqueous residue after the chloroform extraction was acidified 
and the precipitate of unchanged hydroxybenztriazole was collected, 
dried, and weighed, the average amount being about 0-5 g.; 25% 
of the triazole is unaccounted for and this loss is probably due to 
the solubility of the hydroxybenztriazole and the methylbenz- 
triazole l-oxide in water and to the difficulty of extracting the 
latter therefrom by chloroform. 

The hydroxybenztriazole (1 g.) was heated with pure methyl 
sulphate (10 g.) at 100° for several hours; after cooling, the addition 
of ether precipitated an oil, presumably a methosulphate. As 
this would not crystallise, it was hydrolysed by boiling with dilute 
hydrochloric acid; the solution then contained sulphuric acid and 
on exhaustive extraction with chloroform yielded almost pure 
l-methyl-1 : 2: 3-benztriazole l-oxide. A_ similar result was 
obtained when the hydroxybenztriazole was sealed up with methyl 
sulphate and kept in the dark for 10 weeks (compare Brady, Dunn, 
and Goldstein, loc. cit.). 

With methyl iodide. A solution of the hydroxybenztriazole (3 g.), 
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sodium ethoxide (prepared from 0-35 g. of sodium), and methyl 
iodide (8 g.) in absolute alcohol was boiled under reflux for 2 to 
3 hours. The alcohol was then removed by distillation, and the 
residue distilled in steam. The aqueous distillate on extraction 
with chloroform yielded 1-5 g. of the O-methyl ether, and the 
solution remaining in the flask, after being evaporated to small 
bulk and extracted with chloroform, gave 0-5 g. of 1-methyl- 
1:2: 3-benztriazole l-oxide. The aqueous layer, on being acidified, 
gave no hydroxybenztriazole, indicating complete methylation. 

Methylation of the silver salt of the hydroxybenztriazole in alcohol 
gave a large amount of O-ether and only a small quantity of the 
N-methyl compound, and a similar result was obtained by methyl- 
ation in dry benzene with methyl iodide and dry silver oxide. 

The hydroxybenztriazole (1 g.), sealed up with methyl iodide 
(10 g.), was kept in the dark for 2 months. Some iodine was 
liberated and the liquid contained dark crystals. Excess of ether 
was added and the precipitated dark oil was treated with dilute 
sodium hydroxide solution and a little sodium thiosulphate to 
destroy free iodine. On distilling in steam no O-ether was obtained, 
so the solution was evaporated to small bulk and extracted with 
chloroform; the N-methyl compound was then obtained. The 
ethereal solution was evaporated and the residue was treated with 
dilute sodium hydroxide solution and sodium thiosulphate and 
distilled in steam, but no O-ether was found in the distillate. 

Synthesis of 1-Methyl-1 : 2 : 3-benztriazole.—o-Nitromethylaniline 
has been prepared by previous workers in a number of ways, usually 
involving sealed tubes. Nitration of methylaniline with copper 
nitrate trihydrate in acetic anhydride (Menke, Rec. trav. chim., 
1925, 44, 141, 269) was not successful, but the following method, 
analogous to that of Witt and Utermann (Ber., 1906, 39, 3903), 
gave satisfactory results. A mixture of acetic anhydride (3 c.c.), 
nitric acid (5 c.c.; d 1-5), and a small quantity of urea at 0° was 
slowly added, with mechanical stirring, to methylacetanilide (10 g.) 
suspended in acetic anhydride (10 c.c.), the temperature being kept 
below 10°. After being kept at room temperature for 24 hours, the 
solution was poured into cold water and just neutralised with con- 
centrated ammonium hydroxide. The oil thus produced was 
extracted with chloroform and boiled under reflux for 2 hours with 
50° sulphuric acid (100 c.c.), the red solution being then distilled 
in steam. The aqueous distillate (2-5—3 1.) on extraction with 
chloroform gave 5 g. of o-nitromethylaniline. 

1-Methyl-1 : 2 : 3-benztriazole. The isolation of the unstable 
methyl-o-phenylenediamine was unnecessary. The following 
method of reducing o-nitromethylaniline is a great improvement on 
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that of Fischer using tin and hydrochloric acid (Ber., 1892, 25, 
2841). o-Nitromethylaniline (5 g.) was suspended in boiling water 
(75 c.c.), and a solution of sodium hydrosulphite run in slowly until 
the colour vanished. The solution was made alkaline with sodium 
hydroxide and extracted with benzene, and the extract shaken with 
an equal volume of 20°% hydrochloric acid. The acid solution of 
methyl-o-phenylenediamine hydrochloride so obtained was cooled 
to 0° and sodium nitrite (1 g. in 7 ¢c.c. of water) added and when 
the action was complete the mixture was boiled for 30 minutes. 
No dark-coloured by-product was obtained as mentioned by 
Reissert (Ber., 1914, 47, 676). After cooling, the acid solution was 
neutralised with sodium carbonate and extracted with chloroform. 
Removal of the solvent gave an almost theoretical yield of crude 
l-methyl-1 : 2 : 3-benztriazole, which was crystallised from benzene- 
light petroleum. 

1-Methyl-1 : 2 : 3-benztriazole l-oxide (1 g.) was boiled with 
hydriodic acid (15 c.c.; d 1-7) and red phosphorus (3 g.) for 6 hours. 
The solution was diluted, filtered, made alkaline with sodium 
hydroxide, and decolorised with sodium thiosulphate. On extrac- 
tion with chloroform and crystallisation from benzene-—light 
petroleum, 1-methyl-1 : 2: 3-benztriazole was obtained identical 
with the above compound. 

1-Hydroxy-6-methyl-1 : 2 : 3-benztriazole.—This compound was 
prepared in an analogous manner to hydroxybenztriazole, but 
ammonium sulphite gives in this case a better result than sodium 
sulphite (compare Zincke and Schwarz, and Davies, locc. cit.), 
4-Bromo-3-nitrotoluene (5 g.), prepared by the Sandmeyer method 
from 3-nitro-p-toluidine (compare Nevile and Winther, Ber., 1880, 
13, 972), was boiled under reflux with alcohol (100 c.c.) and 50%, 
hydrazine hydrate (20 c.c.) for 30 hours, the alcohol distilled off, 
and the residue distilled in steam. The solution remaining in the 
flask was filtered while hot, acidified with concentrated hydrochloric 
acid, and evaporated to small bulk; on cooling, 1-hydroxy- 
6-methyl-1 : 2: 3-benztriazole crystallised in 60% yield. One 
crystallisation from water gave the pure compound. 

Acetyl and benzoyl derivatives of 1-hydroxy-6-methyl-1 : 2 : 3-benz- 
triazole. These compounds were obtained in good yield in similar 
ways to the corresponding hydroxybenztriazole compounds and 
have similar properties. 1-Acetoxy-6-methyl-1 : 2 : 3-benztriazole 
crystallised from benzene, containing a little acetic anhydride, in 
colourless prisms, m. p. 138° (Found: N, 22-4. CyH,O,N, requires 
N, 220%). 1-Benzoylowy-6-methyl-1 : 2 : 3-benztriazole crystallised 
from benzene-light petroleum in colourless prisms, m. p. 129—130° 
(Found: N, 17-0. ©,,H,,O.N, requires N, 16-6%). 
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Reduction of 1-hydroxy-6-methyl-1 : 2 : 3-benztriazole. This was 
carried out as in the case of the hydroxybenztriazole and a good 
yield of 6-methyl-1 : 2: 3-benztriazole, identified by comparison 
with a specimen prepared from 3 : 4-tolylenediamine (Ladenburg, 
Ber., 1876, 9, 220), was obtained. 

Methylation of 1-Hydroxy-6-methyl-1 : 2 : 3-benztriazole. — With 
methyl sulphate. On methylation with methyl sulphate in the 
presence of 2N-sodium hydroxide in exactly the same way as 
hydroxybenztriazole, 2 g. of 1-hydroxy-6-methyl-1 : 2 : 3-benz- 
triazole gave 0-52 g. of 1-methoxy-6-methyl-1 : 2 : 3-benztriazole, 
which crystallised from alcohol in colourless needles, m. p. 50° 
(Found: N, 26-1; OMe, 18-3. C,H,ON, requires N, 25-8; OMe, 
19-0%). At the same time, there was obtained 0-47 g. of 1 : 6-di- 
methyl-1 : 2 : 3-benztriazole 1-oxide, which crystallised from benzene— 
light petroleum in colourless needles, m. p. 169° (Found: N, 26-0. 
C,H,ON, requires N, 25-8%). The unmethylated triazole recovered 
was 0-41 g. As the result of a number of experiments it was found 
that the ratio of O-ether to N-methyl-N-oxide was less than that 
for the unsubstituted hydroxybenztriazole. Heating 1-hydroxy- 
6-methyl-1 : 2 : 3-benztriazole with pure methyl sulphate or keeping 
it with that reagent for 10 weeks also yielded the N-methyl-N-oxide 
and no O-ether. 

With methyl vodide. By the same method, similar results were 
obtained to those with hydroxybenztriazole: 2 g. gave 0-84 g. of 
O-methyl ether and 0-4 g. of N-methyl-N-oxide. Results similar 
to those with the unsubstituted compound were obtained by using 
the silver salt, methyl iodide alone or methyl] iodide in benzene with 
silver oxide. 

1 : 6-Dimethyl-1 : 2 : 3-benztriazole.—Zincke and Lawson (Annalen, 
1887, 240, 126) claim to have prepared a dimethyl-1 : 2 : 3-benz- 
triazole, but their compound, of which they give no analysis, was 
probably a mixture of 1 : 6- and 3 : 6-dimethyl-1 : 2 : 3-benztriazole. 
The following method for preparing the initial material, 4-nitro- 
m-tolyl methyl ether, is a great improvement on those previously 
described (Reissert, Ber., 1898, 31, 397; Khotinsky and Jacopson- 
Jacopmann, Ber., 1909, 42, 3100). A mixture of 4-nitro-m-cresol, 
methyl iodide (15 g.), dry benzene (75 c.c.), and dry, freshly pre- 
pared silver oxide (10 g.) was boiled under reflux for 3 hours. The 
benzene was distilled off, water and 5 c.c. of 2N-sodium hydroxide 
were added, and the product was distilled in steam. 4-Nitro- 
m-tolyl methyl ether crystallised from the distillate in almost 
theoretical yield. It is best recrystallised from light petroleum. 
4-Nitro-3-methylaminotoluene (3 g.), prepared from the above by 
heating to 165° with methylamine (Fischer and Rigaud, Ber., 
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1902, 35, 1260), was suspended in boiling water (50 c.c.) and reduced 
with sodium hydrosulphite as in the preparation of 1-methyl. 
1 : 2: 3-benztriazole. The hydrochloric acid solution of 4-amino. 
3-methylaminotoluene was diazotised by the addition below 5° of 
sodium nitrite (1 g. in 7 c.c. of water). (It is important to keep 
the solution for 30 minutes to complete the reaction.) After 
treatment as before, 1 : 6-dimethyl-1 : 2 : 3-benztriazole was obtained 
from benzene-light petroleum in colourless plates, m. p. 75° (Found: 
N, 28-7. C,H,N; requires N, 28-6%). When 1: 6-dimethyl. 
1:2:3-benztriazole 1-oxide was reduced with hydriodic acid in 
an exactly similar manner to 1-methyl-1 : 2 : 3-benztriazole 1-oxide, 
a compound identical with the above 1 : 6-dimethyl-1 : 2 : 3-benz. 
triazole was obtained. 

3 : 6-Dimethyl-1 : 2 : 3-benztriazole—This compound was pre- 
pared for comparison by the reduction of 3-nitro-4-methylamino- 
toluene with sodium hydrosulphite, followed by the action of 
nitrous acid as before. The initial material is best prepared by 
heating 4-bromo-3-nitrotoluene (see above) (10 g.) with 33% 
aqueous methylamine (15 c.c.) for 6 hours in a sealed tube at 150°. 
The solid product left in the tube, on crystallisation from alcohol, 
gave 7 g. of pure 3-nitro-4-methylaminotoluene. Gattermann’s 
method (Ber., 1885, 18, 1487) gave poor yields. 3 : 6-Dimethyl- 
1:2: 3-benztriazole crystallised from benzene-light petroleum in 
colourless plates, m. p. 50° (Found: N, 28-9. C,H,N, requires 
N, 28-6%). 
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TERREY : THE STRUCTURE OF THE PLATINICYANIDES : 


XXX.—The Structure of the Platinicyanides: The 
Potential of the Platino-Platinicyanide Electrode. 


By Henry TERREY. 


WHEN a concentrated solution of potassium platinocyanide, 
K,Pt(CN),, is anodically oxidised with a platinum electrode 
(preferably platinised) and a low C.D., a characteristic, dark brown 
product separates at the anode (Wilm, Ber., 1888, 21, 1434). This 
compound, which has the empirical formula K,Pt,(CN),,,6H,0, is 
generally regarded as a platinoplatinicyanide 
3K,Pt(CN),,KPt(CN),,6H,O ; 

the platinicyanides would thus differ from the platini-halogen salts 
in containing tervalent platinum. The same compound has also 
been obtained by Levy (J., 1912, 101, 1081) by the action of 
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hydrogen peroxide (20 vol.) on a potassium platinicyanide solution. 
By repeated treatment of a concentrated platinocyanide solution 
with acidified perhydrol, Levy obtained the completely oxidised. 
compound KPt(CN),; the conditions necessary for its preparation 
seem to be very critical, and it was not found possible to repeat it. 
Moreover, a more completely oxidised compound than Wilm’s salt 
could not be prepared electrolytically, although both high and low 
(.D.’s at different temperatures were used. From a concentrated 
solution the dark brown product always separated. When more 
dilute solutions were used, so that no solid appeared at the anode, 
oxidation never proceeded to a greater extent than approximately 
one-sixth of the platinocyanide present. In order to obtain 
further information on the nature of the platinicyanides, it was 
decided to investigate the platino—platini electrode, and in the 
determination of the potentials of this electrode Wilm’s salt, 
together with pure potassium platinocyanide, was used. 

When a noble-metal electrode is inserted in a solution of Wilm’s 
salt and platinocyanide, a definite and reproducible P.D. is slowly 
set up, attaining a maximum at the end of 1—2 hours and then 
remaining steady for many hours. The current produced tends to 
flow through the electrolyte from the calomel to the platino—platini 
electrode. 

On the assumption that the platino—platini salts are of the same 
type as the ferro-ferri salts (Wilm, Levy), the reaction taking place 


at the electrode can be represented by Pt™ (CN), + © —> Pt®(CN),. 
The equation for the electrode P.D. is thus H = EZ, + RT/F . log 
a,/a, where a; and a, are the activities of the platini- and platino- 
ions, respectively. In the presence of excess and constant amount 
of electrolyte (N-potassium chloride), one can assume that the ratio 
of the activities of the platinum salts is equal to the ratio of their 
concentrations (¢ and o, respectively), 7.e., a;/a, = i/o, and the 
equation takes the form HZ = E, + RT'/F . log i/o. 


EXPERIMENTAL. 


The electrode solutions were prepared by weighing out the 
requisite amounts of the two salts and dissolving in V-potassium 
chloride. An ordinary type half cell was used in conjunction with a 
normal calomel electrode. Platinised glass or platinum points were 
used as electrodes, although with the latter, owing to the small 
capacity, polarisation effects were very marked, and the determin- 
ation of the null point was troublesome. The measuring apparatus 
consisted of a Weston standard cell, a Kohlrausch rotating bridge, 
and a Cambridge moving-coil galvanometer. 
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Results. 


In Table I is shown the effect of concentration on the #.M.F. at 
15°, the ratio platino : platini being kept constant at 3:1 by the 
use of Wilm’s salt alone. It will be noticed that there is a small fall 
in the #.M.F. with decreasing total concentration. 


TaBLeE I. 
Cone. of Wilm’s salt (mg./l.) ... 293°-0 195-3 130-2 82-1 47-0 
L.M.F. of cell 0-5898 0-5894 0-5883 05879 0-5852 
In Table IT are given the potentials of the electrode when the ratio 
platino : platini is changed from 3: 1 to 53 : 1, the concentration of 
the latter being kept constant. In column 3 are the values of £, 
when calculated according to the last equation (above). 


TABLE II. 


Ratio, mols. E.M.F. of electrode 
platino : platini. (Calomel = 0-2870 volt). Ey, volt. E,’, volt. 
3°00 08748 0-9016 0-8884 
4:47 0-8690 0-9054 0-8872 
9-45 0-8594 0-9140 0-8867 
9-86 0-8580 0-9137 0-8858 
13-68 0-8542 0-9178 0-8860 
52-65 0-8410 0-9374 0-8893 

It will be noticed that Hy progressively increases instead of giving 
the expected constant. If, however, the equation H = EH, + 
RT /2F .logi/o is used, which differs only in the value of n, the 
values under FZ,’ are obtained. These are much more constant and 
suggest that in the conversion of the platinocyanide into the 
platinicyanide there is a valency change from 2 to 4 instead of from 
2 to 3, although this form of equation cannot represent the electro- 
chemical changes in these circumstances. 

There is little doubt that the empirical formula of Wilm’s salt is 
best represented by K,Pt,(CN),,.,6H,O, as is evident from the 
author’s analyses and those of Wilm and Levy : 

Iodine liberated 
Pt. ; H,O. per g. of salt. 
49-46 26: 6-86 0-0804 g. 
49-4 6-96 — 
49-2 24- 6-9 0-0800 
49-6 27° | 0-0821 


If electrolytic oxidation of potassium platinocyanide is carried out 
in the presence of hydrochloric acid, a chloro-compound similar in 
properties to Wilm’s salt is obtained. This has the composition 
[3K,Pt(CN),|C19H,O (Hadow, J., 1861, 13, 106; Wilm, loc. cit.). 
If oxidation with metallic peroxides is carried out in the presence 
of sulphuric acid, a sulphate is obtained with the composition 
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(zxK,Pt(CN),]SO,, x being probably 9. The latter behaves as the 
sulphate of a feebly electronegative metal, undergoing decomposition 
with barium salts. With barium platinocyanide it gives a platino- 
cyanide of the type [wK,Pt(CN),]Pt(CN), (Levy, loc. cit.). 

The halogen compounds can also be prepared by mixing potassium 
platinocyanide with the corresponding per-halogen salt K,Pt(CN),X9. 
This indicates that these complexes are best represented by the 
formula [~K,Pt(CN),]KPt(CN),X,; Wilm’s measurements of the 
molecular weight in acetic acid show that in solution they are 
dissociated into the simple salts (Ber., 1889, 22, 1546). 

In view of the potential measurements, the so-called completely 
oxidised platinocyanide product is better represented by the 
formula K,Pt!V(CN),,Pt"(CN), than by the simple formula 

KPt#4(CN),. 
This compound is thus analogous to the perchloro-salt K,Pt'V(CN),Cl,, 
the radical Pt"(CN), having replaced 2 atoms of chlorine, and is a 
derivative of the true platinicyanides K,Pt'V(CN), in which a 
molecule of cyanogen has been replaced by Pt™(CN),. 

Further evidence in support of this view of the structure of the 
platinicyanides is given by the behaviour of Wilm’s salt towards 
acids and alkalis and halogens. 

In solution, Wilm’s salt adds on 2 mols. of halogen acid or alkali 
chloride. Considering only the oxidised part of Wilm’s salt, this 
addition is most easily explained as follows: In solution the salt is 
hydrolysed with the production of a hydroxy-compound : 


K,Pt!¥(CN),,Pt"(CN),+H,O0 —> H,Pt!¥(ON),(OH).+K,Pt™(CN), ; 


this hydroxy-compound may be compared with the corresponding 
chloro-derivative H,Pt!¥(Cl,)(OH),. The cyano-hydroxy-compound 
behaves in the same way towards halogen acids and alkali halides, 
forming the chloro-cyano-compound, e.g., H,Pt'Y(CN),(OH), + 
2HCl = H,Pt*¥(CN),Cl, + 2H,O. Halogens convert Wilm’s salt 
into the corresponding per-halogen derivative. Levy explains this 
action on the supposition that the halogen reduces the platini- 
cyanide to the platino-salt, which is then halogenated : 


KPt(CN), —> KHPt(CN), —> KHPt(CN),X,. 


It is difficult to see why halogens should act here as reducing 
agents. The halogenation of the hydroxy-compound is, however, 
simple to follow. If Wilm’s salt is regarded as 

6K, Pt4(CN),,K,Pt'V(CN),Pt"(CN),, 
it is seen that the ratio platino: platini is 7:1. In the potential 
measurements the reaction of the cell is given by the equation 
K,Pt!V(CN),Cl, + 2Hg — 2HgCl + K,Pt"(CN), [since dissolution 


206 HAMER : THE y-CYANINE CONDENSATION. 


of Wilm’s salt in potassium chloride gives rise to K,Pt(CN),(h), 


The electrode reaction is [Pt(CN),Cl,]-- + 2e = [Pt(CN),]-~- + 2Cl, and og ; 
the H.M.F. is given by E= HE, + RT/2F . loga,/aa*q, wher fh tp. 
a, = activity of chlorocyanide [Pt(CN),Cl,] ion; a, = activity of 
platinocyanide [Pt(CN),] ion; aq = activity of the chlorine io, 
In the presence of excess and constant amount of electrolyte, this (I 
leads to the expression H = HE, + RT/2F . log c,/c,a*q, where c, ani 
c, are the concentrations of the platinichlorocyanide and platino. 
cyanide, respectively. 

Table III shows the value of EZ, calculated according to the above 
expression from measurements at 13°, the value of ag, in N-potassium§ « , 


. ‘ y 
chloride being taken as 0-634. The values are reasonably constant, pre 
and the slight fall may be due to incomplete splitting of Wilm’s salt yc 
in the presence of a large excess of platinocyanide. qui 

is ¢ 

TaBeE III. dis: 

Ratio, platini: platino. Reduction potential of electrode. E,. pot 
se 0-:8749 0-8881 Ex: 
1: 9-95 0-8690 0-8865 - 
1: 19°90 0°8594 0-8860 thi: 
1; 21-51 0-8580 0-8856 I 
1: 28-40 0-8542 0-8854 , 
1 : 69-40 0-8410 0-8840 28% 
nov 

Summary. effe 


From measurements of the potential of the platini—platinof cle: 
electrode, it is shown that in the so-called platinicyanides part off me' 
the platinum is present in the quadrivalent state and not in the ter-f to ‘ 


valent state. yie! 
These salts are more correctly represented by the formula pos 
K,Pt?¥(CN),Pt4(CN), than by KPt™(CN),. apy 
THe Wr11AM Ramsay LABORATORY OF PHYSICAL AND ten 
IyorGanic CHEMISTRY, UNIVERSITY COLLEGE, I 
Lonpon. [Received, December 9th, 1927.] FJ. 
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By Frances Mary HAmMeEr. pho 


Irv has been recorded by Kaufmann that a red dye is very slowly§ ‘ye 


formed by the action of potassium hydroxide on an alcoholic He 
solution of 2-iodoquinoline ethiodide and quinaldine ethiodide (Ber.,§ blu: 
1912, 45, 1417). By a modification of his method, Fischer and § Pr 
Scheibe succeeded in isolating the corresponding methiodide, wf 1 
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which, from the manner of synthesis, they assigned the constitution 
of a 2 : 2’-cyanine (I) (J. pr. Chem., 1919, 100, 86). They proposed 
the name “‘y¥-zsocyanine”’ for dyes of this type, but the term 


R xX 
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“y4-cyanine,” as used by Mills and Odams (J., 1924, 125, 1913), is 
preferable. Fischer and Scheibe attributed the low yield of 
y-cyanine obtained by Kaufmann to decomposition of the 2-iodo- 
quinoline alkyliodide by alcohol; they state that this decomposition 
is diminished by a suitable selection of the solvent, and that by 
dissolving the alkyliodides in dilute hydrochloric acid and adding 
potassium hydroxide, a 40% yield of pure ¥-cyanine is obtainable. 
Exact details are not, however, given, and attempts to reproduce 
this yield proved unsuccessful. 

It is indeed true, as previously noted by Roser (Annalen, 1894, 
282, 373), that 2-iodoquinoline methiodide is unstable. But it is 
now found that acid, far from the power attributed to it, has the 
effect of increasing this instability, so that its use as solvent is 
clearly undesirable. In the earlier of the present preparations, the 
method consisted in adding a slight excess of potassium hydroxide 
to a boiling aqueous solution of the alkyliodides, and the maximum 
yield of pure product so obtained was about 20% of that theoretically 
possible. By using absolute alcohol as solvent, the yields are 
approximately doubled. If rectified spirit is used, there is a 
tendency to the formation of impurities of the carbocyanine type. 

Hitherto only two y-cyanines have been prepared (Fischer, 
J. pr. Chem., 1918, 98, 204; Fischer and Scheibe, loc. cit.), and 
it is curious, in view of the importance of other cyanine dyes as 
photographic sensitisers, that no examination of their photographic 
properties has been recorded. Eight ¥-cyanines are now described, 
of which seven are new, and Mr. O. F. Bloch has examined their 
absorption spectra in alcoholic solution and has studied their 
photographic action, both by bathing plates in solutions of the 
dyes and also by adding the latter to the emulsion before coating. 
He has found that the ¥-cyanines exert a sensitising action in the 
bluish-green region of the spectrum, and that certain of them are of 
practical value. 

The ¥-cyanine reaction may be applied to the preparation of other 
cyanine dyes. Thus by condensation of lepidine alkyliodide with 
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2-iodoquinoline alkyliodide, an tsocyanine is produced, and this new 
method of synthesis confirms the now well-established formula (IT) 
for isocyanine. 

To one of the reaction products which Mills and Braunholtz 
obtained by heating quinaldine ethonitrate with di-o-formylethy]- 
aminodipheny] disulphide in pyridine solution they assigned formula 
(ITI) (J., 1923, 123, 2804). This structure is now confirmed by the 
synthesis of this and three new thio-)-cyanines by condensation 
of 1-methylbenzthiazole alkyliodide with 2-iodoquinoline alkyliodide. 
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The method has been further extended to the synthesis of two 
dyes of a new type, for which the name indo-y-cyanine is proposed : 
for this preparation, 2-iodoquinoline alkyliodide is condensed with a 
substituted indolenine quaternary salt containing a reactive 2-methy] 
group. The formula (IV) is written as though the acid radical were 
attached to what is presumably the more basic part of the molecule 
(compare Mills and Wishart, J., 1920, 117, 579). 

The nomenclature of the y-cyanines requires consideration. 
Mills and Pope originated the system of affixing dashes to the 
numerals in the quinoline, as opposed to the quinaldine, nucleus 
of isocyanine (Phot. J., 1920, 44, 183). According to the structure 
of isocyanine (II) as established by Mills and Wishart (loc. cit.), 
this ‘results in attaching dashes to the numerals in the nucleus 
which bears the acid radical, so that in the case of the thio-y- 
cyanines and indo--cyanines the dashes should follow the numerals 
in the quinoline nucleus; this system has apparently been adopted 
by Mills and Braunholtz (loc. cit.), although it is not specifically 
stated. With the ¥-cyanines themselves, however, the two nuclei 
are identical, and it is not possible to differentiate between them, so 
that alternative formule must be given. It is moreover found that 
the 4-cyanine prepared from quinaldine methiodide and 2-iodo- 
quinoline ethiodide has the same optical and photographic properties, 
etc., as that prepared from quinaldine ethiodide and 2-iodoquinoline 
methiodide; similarly, with the y-cyanines prepared from p-tolu- 
quinaldine methiodide and 2-iodoquinoline methiodide and from 
quinaldine methiodide and 2-iodo-6-methylquinoline methiodide 
the photographic properties are identical. Thus virtual tautomerism 
apparently occurs here, as in the case of the thiocyanines (Mills and 
Braunholtz, J., 1922, 121, 1489). 


lisec 
met! 
It m 
of d. 
boili 
filter 
expe 
bein; 
(0-02 
of 2- 

2-, 
ethy 
and | 
heat 
base 
the 5 
m. p 
61-9, 

: 
solut 
potas 
and } 
comp 
Fisch 


HAMER : THE ¢-CYANINE CONDENSATION. 209 


KX PERIMENTAL, 

2-Iodoquinoline Methiodide—-Roser prepared the iodide by 
heating 2-chloroquinoline and methyl iodide in a sealed tube (loc. 
cit.); but since methyl chloride is evolved, a considerable pressure 
develops, so that even with small-scale preparations loss through 
bursting of the tube is liable to occur: moreover, the product is 
contaminated by periodide. A higher yield of almost pure product 
is obtainable by prolonged heating in an open vessel: chloro- 
quinoline (10 g.) and methyl iodide (15 c.c.) were heated in a water- 
bath, in a flask fitted with a reflux condenser and protected from 
the light, for 10 days. The product was extracted with ether in 
order to remove unchanged base and was thus obtained in 92% 
yield (Found: I, 63-3%) and, for the condensations, this salt was 
used without further purification. A specimen was rapidly recrystal- 
lised from water, dried in the steam-oven, and analysed by the 
method of Carius (Found : I, 64-1. Calc. for C,)H,NI,: I, 63-9%). 
It melted at 211—212°, as recorded by Roser. To test the influence 
of dilute acid on its stability, the crude iodide (1 g.) was added to 
boiling water (50 c.c.) and the solution was boiled for 5 minutes, 
filtered, and cooled ; the iodide then crystallised (0-61 g.). A similar 
experiment was carried out, 5° hydrogen chloride solution (50 c.c.) 
being used, but this on cooling deposited only a black product 
(0-05 g.). It is therefore clear that dilute acid decreases the stability 
of 2-iodoquinoline methiodide. 

2-lodoquinoline Ethiodide——On heating 2-chloroquinoline with 
ethyl iodide in a sealed tube by Roser’s method, the yields are 35° 
and 49%, respectively, of that theoretically possible, according as 
heating is continued for 2 or for 4 days. But when a solution of the 
base (10 g.) in ethyl iodide (15 c.c.) is boiled under reflux for 10 days, 
the yield is 81%. After recrystallisation from water, the salt has 
m. p. 205° (decomp.), whereas Roser gives m. p. 220° (Found: I, 
61-9. Cale. for C,,H,,NI,: I, 61-8%). 

1 : 6-Dimethyl-2-quinolone—This was prepared by oxidising a 
solution of 6-methylquinoline methiodide by means of alkaline 
potassium ferricyanide at 0—7°. After extraction with chloroform 
and recrystallisation from benzene, a 70°, yield resulted, but the 
compound melted at 82—84° with previous softening, whereas 
Fischer records the m. p. as 90° (Ber., 1899, 32, 1297). The quino- 
lone was therefore distilled in a vacuum, by which, however, the 
m. p. was unaltered; b. p. 205°/15 mm. (Found: C, 76-3; H, 6-5; 
N,8-0. Calc. for C,,H,,ON: C, 76-3; H, 6-4; N, 8-1%). 

2-Chloro-6-methylquinoline.—This was prepared from 1: 6-di- 
methyl-2-quinolone by a method analogous to that used by Perkin 
and Robinson for preparing 2-chloroquinoline (J., 1913, 103, 1973). 
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The base cannot be purified by steam distillation, as recommended 
by Fischer (loc. cit.), first because it is only slightly volatile with 
steam and, further, because it solidifies in the condenser and remaing 
unmelted at 100°. It was therefore extracted with benzene and 
after removal of the solvent the residue was recrystallised from 
spirit and then from petrol. As the melting point was still below 
that recorded by Fischer, the base was purified by crystallisation 
of its picrate, but even after this it melted at 111—112°, whereas 
Fischer gives m. p. 116°. It was dried in a vacuum desiccator 
before analysis (Found : Cl, 20-1. Cale. for CygH,NCl: Cl, 20-0%), 

2-Iodo-6-methylquinoline methiodide was best obtained by heating 
2-chloro-6-methylquinoline (3 g.) and methyl iodide (3 c.c.) for 
2 days in a sealed tube at 100°. After ether extraction, the residue 
(87% yield) was recrystallised from water; the yield was then 
52°% and m. p. about 225° (decomp.) (Found : I, 61-75. C,,H,,NI, 


40 


requires I, 61-8°%). 

1 : 1’-Dimethyl--cyanine Iodide.—This dye has been prepared by 
Fischer and Scheibe (loc. cit.). By the present method, crude 
2-iodoquinoline methiodide (4 g.; 1 mol.) was added to boiling 
water (200 c.c.), and the solution filtered from periodide. Quinaldine 
methiodide (2-9 g.; 1 mol.) was added to the filtrate and the boiling 


solution was treated with an aqueous solution (30 c.c.) of potassium 
hydroxide (1-2 g.; more than 2 mols.). The dye separated (30% 
yield) and was recrystallised from rectified spirit; the yield was 
21° of the theoretical. In another preparation, 2-iodoquinoline 
methiodide (12 g.) and quinaldine methiodide (8-6 g.) were boiled 
with absolute alcohol (600 ¢.c.) and an absolute alcoholic solution 
(60 c.c.) of potassium hydroxide (4-0 g.) was added; after 4 hour's 
boiling, all undissolved solid had disappeared. The product (52% 
yield) was obtained in 39°% yield on recrystallisation. From spirit, 
the iodide separates as compact pleochroic green and purple 
crystals, and from methyl alcohol as small, red crystals. Its m. p. 
(not previously recorded) is at 245—246° (decomp.). It was dried 
under reduced pressure at 100—120° and analysed by the method 
of Carius, which method of drying and analysis were used through- 
out this work, except where otherwise stated (Found: I, 29-6. 
Cale. for C,,H,,N,I: I, 29-38%). On bathing a plate in its solution, 
fairly strong extra sensitivity, extending to 2 6000 A., is produced, 
with a maximum at 5600, but in the emulsion the sensitising 
action is less powerful. 


1 (or 1’)-Methyl-1’ (or 1)-ethyl-p-cyanine Iodide—This was § 


prepared by the action of potassium hydroxide on an aqueous 
solution of 2-iodoquinoline methiodide and quinaldine ethiodide 
and, after recrystallisation from rectified spirit, was obtained in 


bathi 
band 
A 55( 
4 630 
decre 


HAMER: THE ¥-CYANINE CONDENSATION. 211 


13% yield, but by carrying out the preparation in alcoholic solution 
the yield was 33% (Found : I, 28-7. ©,.H,,N,I requires I, 28-8%). 
Alternatively, 2-iodoquinoline ethiodide and quinaldine methiodide 
were condensed in absolute-alcoholic solution : the yield of recrystal- 
lised product was 28% (Found: I, 28-8%). By each method, the 
product was in the form of small, bronze crystals with a green 
lustre and both specimens and their mixture, when heated simul- 
taneously, melted at 261—262° (decomp.). Their actions on 
photographic plates on bathing are identical. The first specimen, 
when added to an emulsion, behaves as a powerful sensitiser, giving 
a crest at 2 5800 which falls sharply to zero at 4 6000; there is a 
slight gap between the ordinary and the extra sensitivity, with its 
minimum at 15300. With bathed plates, the maximum is at 45750 
and the gap is less, so that the rise to the crest is more gradual and 
the crest appears less marked. 

1:1':6 (or 1:1’: 6’)-Trimethyl-y-cyanine Iodide—By the first 
method, the interactants were 2-iodoquinoline methiodide and p- 
toluquinaldine methiodide, which were condensed in aqueous 
solution. On recrystallising the crude product (21% yield) from 
rectified spirit, fine, purple crystals were obtained, m. p. at about 
220° (decomp.) (Found: I, 28-9. C,,H,,N,I requires I, 28-8%). 
On bathing, the dye confers on a plate a fairly uniform sensitisation, 
with a slight depression at 4 5300 and a maximum at A 5500, decreas- 
ing gradually to zero at 4 6200, but when the compound is used 
in the emulsion, the extra sensitivity is less. By the second method 
of preparation, 2-iodo-6-methylquinoline methiodide and quinaldine 
methiodide were condensed in absolute alcoholic solution, and a 
33% yield of recrystallised product resulted (Found: I, 28-8%). 
The crystals were redder than those obtained previously and 
melted at about 183° (decomp.), the exact m. p. depending upon 
the rate of rise of temperature. The extra sensitivity conferred upon 
a plate on bathing was identical with that given by the dye prepared 
by the other method. 

1:6: 1': 6’-Tetramethyl-4-cyanine Iodide-——The compound pre- 
pared by condensation of 2-iodo-6-methylquinoline methiodide and 
2: 6-dimethylquinoline methiodide, in absolute alcoholic solution, 
was obtained after recrystallisation from spirit in 23° yield. It 
forms small, dark crystals with a green reflex, m. p. about 250° 
(decomp.) (Found: I, 27-8. C,,;H,,N,I requires I, 27-99%). On 
bathing a plate in its solution, there results a practically uniform 
band with a very slight minimum at A 5300 and a maximum at 
4 5500, from which the sensitivity gradually decreases to zero at 
4 6300; in the emulsion, the sensitivity is extremely feeble, with a 
decrease in the blue sensitivity. The absorption curves of this and 
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the preceding ¥-cyanines, in spirit solution, are all very similar. 
They are characterised by two bands, with maxima at 2 4900 and 
2 5220, respectively, and the latter of these is the stronger. 

1: 1’-Diethyl-s-cyanine Iodide—By the action of potassium 
hydroxide on an aqueous solution of 2-iodoquinoline ethiodide and 
quinaldine ethiodide, followed by recrystallisation of the crude dye 
from methyl alcohol, there resulted an 18% yield, as small, bluish. 
red crystals, m. p. 277° (decomp.) (Found: I, 28-1. C,,H,.N,I 
requires I, 27-9%%). By carrying out the condensation in dry spirit, 
the yield was 36° (Found: I, 28-0%). The sensitivity curve of a 
bathed plate shows a gap with its minimum at 4 5300; it then rises 
to a strong maximum at A 5700 and falls sharply to zero at 4 6000. 
In the emulsion, the sensitisation is somewhat less powerful. There 
is a strong absorption maximum at 1 5250 and a weaker one at 
2 4900. 

6 (or 6’)-Methyl-1 : 1'-diethyl-p-cyanine Iodide.—2-Lodoquinoline 
ethiodide and 2: 6-dimethylquinoline ethiodide, condensed in 
absolute alcoholic solution, gave a 31% yield of the 4-cyanine, after 
recrystallisation from methyl alcoho]. It forms red needles, m. p. 
258° (decomp.) (Found: I, 27-0. C,,H,;N,I requires I, 27-1%). 
With a bathed plate, there is a sensitivity maximum at d 5800, 
falling off steeply towards the red. The gap between this crest 
and the band of ordinary sensitivity has its lowest point at 4 5300. 
The chief absorption band shows a maximum at A 5300 and the 
weaker band a maximum at d 4950. 

1: 1'-Diethyl-5:6 (or 5’ : 6’)-benz-y-cyanine Iodide——The con- 
densation of @-naphthaquinaldine ethiodide with 2-iodoquinoline 
ethiodide is best effected in aqueous solution, giving, after recrystal- 
lisation from spirit, a 26°/ yield of dye, as minute dark green crystals, 
m. p. 273° (decomp.) (Found: I, 25:2. C,,H,,N,I requires I, 
252%). A plate bathed in its solution is deeply stained; the 
extra sensitivity is less strong than the blue sensitivity, there is a 
gap with its minimum at A 5300 and a maximum at 5750, the 
sensitisation extending to 4 6100 for moderate exposures. In the 
emulsion, both the ordinary and the extra sensitivity are less and 
the maximum lies at 4 5850. The absorption maxima are at 
2 5000 and 5380, the latter being the stronger. 

1 : 1’-Dimethyl-5 : 6 (or 5’ : 6’)-benz-y-cyanine Iodide.—8-Naphtha- 
quinaldine methiodide was condensed with 2-iodoquinoline meth- 
iodide in aqueous solution, and the product was washed with 
boiling water in order to remove unchanged $-naphthaquinaldine 
methiodide and was then recrystallised from methyl alcohol: a 
dark, crystalline powder was obtained in 15% yield, m. p. about 
266° (decomp.) (Found: I, 26-5. C,;H,,N,I requires I, 26-65%). 
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The sensitising action of a bathed plate extends to 1 6300 for 
moderate exposures and the maximum lies at 4 5700. The absorp- 
tion is like that of the preceding compound. 

1: 1’-Dimethylisocyanine Iodide.—The isocyanine was obtained 
by the action of potassium hydroxide (0-8 g.), dissolved in absolute 
alcohol (10 c.c.), on a boiling mixture of absolute alcohol (100 c.c.), 
lepidine methiodide (2 g.; 1 mol.), and 2-iodoquinoline methiodide 
(2-8 g.; 1 mol.), and the yield after recrystallisation was 34% of 
that theoretically possible (Found : I, 29-9. Cale. for Cy,;H,Nol : 
I, 29-8%). The dye was identical in appearance with | : 1’-dimethyl- 
isocyanine iodide prepared in the usual way from quinoline meth- 
iodide and quinaldine methiodide. Both specimens, and their 
mixture, possessed the same m. p., and solutions of both showed an 
identical absorption and imparted the same extra sensitivity to a 
plate on bathing. 

1 : 1’-Diethylisocyanine Iodide —Condensation of lepidine ethiodide 
with 2-iodoquinoline ethiodide was carried out similarly and the 
recrystallised dye was obtained in 45%, yield; the yield was only 
half as great when the condensation was effected in aqueous solution 
(Found: I, 27-9. Calc. for C,,H,,NoI: I, 27-99%). The dye was 
identical in appearance, absorption, and sensitising action on a 
plate on bathing, with a specimen of | : 1’-diethylisocyanine iodide 
prepared from quinoline ethiodide and quinaldine ethiodide, and the 
m. p.’s and mixed m. p. were also the same. 

1’ : 2-Diethylthio-4-cyanine Iodide-——The compound is obtained, 
in 31% yield, by adding potassium hydroxide (0-7 g.; more than 
2 mols.), dissolved in absolute alcohol (10 c.c.), to a hot mixture of 
absolute alcohol (100 c.c.), 2-iodoquinoline ethiodide (2 g.; 1 mol.), 
and 1-methylbenzthiazole ethiodide (1-5 g.; 1 mol.), boiling for 
} hour, and recrystallising the product from spirit; it separates as 
scarlet needles, m. p. 285° (decomp.), as recorded by Mills and 
Braunholtz (loc. cit.) (Found: I, 27-3. Calc. for C,,H,,N,IS: I, 
276%). With a bathed plate, the sensitising band is almost 
uniform, with a maximum at 4 5300 and a very slight depression 
at 4 5000, the sensitisation extending to 4 5600; in the emulsion, 
the extra sensitivity is distinctly weaker than the blue sensitivity 
and the depression is more marked. 

1’ : 2-Dimethylthio-4-cyanine Iodide.—This dye, prepared from 
2-iodoquinoline methiodide and 1-methylbenzthiazole methiodide 
was obtained, after recrystallisation from rectified spirit, in 38% 
yield; the red crystals show m. p. about 272—276° (decomp.) 
(Found : I, 29-5. C,,H,,N,IS requires I, 29-4%). A plate bathed 
in its solution shows a uniform sensitisation band extending to 
1 5300, falling to a minimum at A 5700, rising again to a maximum 
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at 2 6000, and decreasing to zero at 2 6400; but in the emulsion 
there is practically no extra sensitivity. 

1’- Methyl-2-ethylthio--cyanine Iodide——The compound was pre- 
pared from 2-iodoquinoline methiodide and 1-methylbenzthiazole 
ethiodide and, after recrystallisation from spirit, resulted in 45% 
yield. It forms small scarlet crystals, m. p. about 266° (decomp.) 
(Found: I, 28-5. Cj 9H,,N,IS requires I, 28-5%). When the dye 
is added to the emulsion, there is a strong sensitising band with its 
maximum at A 5300 and a weaker one with its crest at 4 5800. 

2-Methyl-1'-ethylthio-y-cyanine Iodide——This dye was similarly 
prepared from 2-iodoquinoline ethiodide and 1-methylbenzthiazole 
methiodide. It crystallises from spirit, in 36% yield, as red needles, 
m. p. about 261—264° (decomp.) (Found: I, 28-7. CO, 9H,,N,IS 
requires I, 28-45°/,). The sensitivity of a bathed plate is extended 
to 15350 as a uniform band, which then decreases, but rises to a 
small crest at 15900. With addition of the dye to the emulsion 
there is a distinct gap between the ordinary and the extra sensitivity, 
so that a maximum becomes visible at 4 5300; the curve then falls 
off steeply to a minimum at A 5600, but rises again to a small crest 
at 25800. The absorptions of this and the three preceding thio-y- 
cyanines are very similar : in each case there is a strong absorption 
band with its maximum at A 4850 and a very feeble maximum at 
2 4600. 

1:3:3:1'-Tetramethylindo-y-cyanine Iodide.—2-Iodoquinoline 
methiodide (2 g.; 1 mol.), 2:3: 3-trimethylindolenine methiodide 
(1-5 g.; 1 mol.), and absolute alcohol (10 c.c.) were treated with 
potassium hydroxide (0-7 g.; more than 2 mols.) dissolved in 
absolute alcohol (10 c.c.), and the mixture was boiled for 2 hours. 
The alcohol was evaporated off, water added, and the precipitated 
solid extracted with ether. The undissolved residue was recrystal- 
lised from methyl alcohol; the dye was then obtained, in 26% yield, 
as brick-red, lustrous crystals, m. p. 247° (decomp.) (Found : I, 
28-8. C,,H.,N,I requires I, 28-79%). Whether the compound is 
added to the emulsion before coating or whether a plate is bathed 
in its solution, there is an extremely feeble extension of the sensitivity 
to 15800, accompanied by a decrease in the ordinary sensitivity. 
The broad absorption curve shows a maximum at 4 4700. 

3 : 3-Dimethyl-1 : 1’-diethylindo--cyanine Iodide.—This was simi- 
larly prepared from 2-iodoquinoline ethiodide and 2 : 3 : 3-trimethy]- 
indolenine ethiodide. After removal of the alcohol from the reaction 
mixture, the residue was ground with benzene and water, the solid 
purified by extraction with ether, and the undissolved residue 
recrystallised from water: a 22% yield resulted, in the form of 
brown crystals with a green lustre, m. p. about 222° (decomp.) 
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(Found: I, 26-8. C,,H,,;N,I requires I, 27-:0%). By bathing a 
plate in a solution of the dye, or by adding the latter to the emulsion, 
a feeble sensitisation is imparted, extending to 4 5800, and there is a 
weak maximum at 245250. The symmetrical absorption curve has a 
maximum at A 4800. 


RESEARCH LABORATORY, InrorD LimITED, 
Itrorp, E. [Received, December 2nd, 1927.] 


XXXII.—The Reaction between Diaryloxyisopropyl 
Alcohols and Phosphorus Oxychloride in the 
Presence of Pyridine. 


By Davin Runoman Boyd and DonaLp Ernest LADHAMS. 


wy-DIARYLOXYisoPROPYL alcohols react slowly with phosphorus 
oxychloride at 100°, and from the reaction product, on treatment 
with ice, a mixture of mono- and bis-esters of phosphoric acid is 
obtained. A much more rapid reaction takes place, even at low 
temperatures, when pyridine is employed as solvent and condensing 
agent. 

Pyridine has been used by several investigators in the preparation 
of the esters of inorganic acids. Verley (Bull. Soc. chim., 1901, 
25, 46) prepared a series of aryl hydrogen sulphates by means of 
pyridine and chlorosulphonic acid. These two substances react to 
give pyridiniumsulphonic acid (Baumgarten, Ber., 1926, 59, 1166), 
and this compound has recently been used by Lapworth and Burk- 
hardt for the same purpose (J., 1926, 684) : 

I 
“O 

E. Fischer (Ber., 1914, 47, 3194) introduced the use of pyridine 
with phosphorus oxychloride for the preparation of phosphoric 
esters, and the method was afterwards employed by Abderhalden 
(Ber., 1918, 51, 1308). Neither investigator has noted that a crystal- 
line compound of pyridine and phosphorus oxychloride is formed 
when the two liquids are mixed. The analytical data for this sub- 
stance, although not decisive, point to the formula (C;H;N),.,POCI. 
A number of acyl-pyridinium salts are mentioned in the literature ; 
only in a few cases, however, have they been prepared in analytically 
pure condition. In those compounds which are derived from the 
chlorides of monobasic acids one molecule of base is associated with 
one molecule of acyl chloride, but from sulphuryl chloride and 
pyridine an addition compound has been obtained which probably 


+ ROH —> RO-SO,-OH. 


C,H,NC 
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has the formula (C;H;N),,SO,Cl, (Baumgarten, Ber., 1927, 60, 
1174). 

Since, in the presence of pyridine, «y-diaryloxyisopropy] alcohols 
react with phosphorus oxychloride at 0° and in less than a fifth of 
the time that is required when no pyridine is present, it is difficult 
to suppose that the function of the pyridine is merely to fix the 
hydrogen chloride which is liberated. The pyridine—phosphorus 
oxychloride addition compound is, doubtless, the reactant : 


Cl Cl 


OsHZNC C;H,N¢ 
PoC! > POOL + CoH, HCl 
C,H,N¢ ee a le 
(I.) “Cl y 
Ll 
C,H,Nc 


POOR ——> RO-PO(OH), (1) 


C5H,N¢ 
(Ir.) “Cl 

Excellent yields of «y-diaryloxyisopropyl phosphoric esters can 
be obtained by the pyridine method provided the experimental 
conditions are suitably regulated. But the unexpected observation 
has been made that no monophosphoric ester is formed if the reaction 
mixture, containing excess of phosphorus oxychloride, is heated 
in a water-bath for a short time. The product under these con- 
ditions consists mainly of the diaryloxyisopropyl chloride, accom. 
panied by a comparatively small amount of the corresponding 
pyridinium compound, which in certain cases can be isolated as the 
difficultly soluble nitrate. Diaryloxyisopropyl alcohols do not 
yield chlorides on heating with phosphorus oxychloride alone. 
The presence of pyridine is a necessary factor in the formation of 
the chloride, and the reaction is most simply explained by assuming 
a decomposition of the pyridinium compound (IT) under the influence 

of a rise of temperature : 


Ll 


Phosphorus oxychloride has hitherto been regarded as essentially an 
agent for the introduction of the phosphoric acid radical. Bergmann, 
in editing a paper by Fischer and Pfahler (Ber., 1920, 53, 1607), 
directed attention to the formation of CH,Cl-CH,°O-PO(OH), from 
glycol, pyridine, and phosphorus oxychloride as a noteworthy 
exception to the general rule. Our experiments show, however, 
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that phosphorus oxychloride in association with pyridine may, 
according to the experimental conditions, act either as a reagent for 
the introduction of the phosphoric acid radical or for the exchange 
of hydroxyl for chlorine. The experiments of Fischer and Pfahler 
were carried out at — 20°, and their results are interesting as 
showing that reaction (2) may in some cases occur at low 
temperatures. 

The formation of an alkylpyridinium compound (e.g., wy-di-p- 
tolyloxyisopropylpyridinium chloride) along with the alkyl chloride 
requires explanation. The most obvious hypothesis is that two 
consecutive reactions occur, the pyridinium salt being formed by 
the combination of pyridine, always present in excess, with some 
of the alkyl chloride produced in reaction (2). But if this were so, 
the yield of pyridinium salt ought to be increased by prolonged 
heating of the reaction mixture. Actually, the yields of chloride 
and pyridinium salt are constant and unaffected by an increase in 
the time of heating. Moreover, direct experiment has shown that 
xy-di-p-tolyloxyisopropyl chloride does not form a pyridinium salt 
on heating with pyridine, even in the presence of phosphorus 
oxychloride. It would seem, therefore, that the alkylpyridinium 
salt must be formed by a decomposition of the pyridinium com- 
pound (II) proceeding concurrently with the reaction indicated in 
equation (2) : 

Al 
aint 


C,H,NZ 
(if.) “Cl 
Reaction (2) is closely analogous to the spontaneous decomposi- 
tion of the unstable addition compounds which pyridine forms with 
ethyl chloroformate (Fry, J. Amer. Chem. Soc., 1914, 36, 259) and 
ethyl chlorosulphonate (Baumgarten, Ber., 1926, 59, 1166) : 
ALO-OEt 
C;H,N + Cl-CO-OEt = C,H,N< = C;H;N + CO, + EtCl. 
“Cl 
/8020Et SO, 
O,H;N + SO,Cl-OEt = C;H,;N¢ =C,H,NY | ~ + EtCl. 
“Cl “O 


UR POC] 
PO-OR = C;H;N“ +0C,H,NC | . . (3) 
“Cl “O 


Reaction (3) is novel in type. It offers a method for the pre- 
paration of pyridinium compounds in cases where other processes 
may be inapplicable or less convenient, and experiments are now in 
progress to ascertain to what extent it is of general application. 

ay-Di-p-tolyloxyisopropylpyridinium nitrate may be crystallised 
| from hot water, and is quite stable towards hot dilute acid. It is 
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decomposed by cold aqueous alkali into p-cresol and products which 
quickly resinify. The splitting off of p-cresol under such mild 
conditions of hydrolysis is remarkable, in view of the great stability 
of the diaryloxyisopropyl alcohols towards hydrolysing agents. 


EXPERIMENTAL. 


The Addition Compound of Pyridine and Phosphorus Oxychloride, 
—12 G. of pyridine (3 mols.), dissolved in 40 c.c. of dry ether, were 
added slowly to a solution of 10 g. of phosphorus oxychloride 
(1 mol.) in about 40 c.c. of ether, atmospheric moisture being excluded 
as far as possible. The oily precipitate produced quickly crystal. 
lised and was then repeatedly washed, by decantation, with dry 
ether and dried in a current of dry air for some hours; the last 
trace of ether was removed under diminished pressure. The 
product (7:4 g.) was dissolved in water, and the solution made up 
to a definite volume [Found: P, 9-2; Cl, 27-8. (C;H;N).,POCI, 
requires P, 9-9; Cl, 34-:1%]. 

The compound is extremely hygroscopic and very rapidly decom- 
posed by water. The analytical data may be interpreted as 
indicating that, in spite of the precautions taken to exclude moisture, 
a part of the substance has been hydrolysed to the compound (III). 
The pyridine-phosphorus oxychloride compound dissolves readily 
in chloroform; it is not soluble in carbon tetrachloride. 

Preparation of Phosphoric Esters by the Action of Phosphorus 
Oxychloride and Pyridine-——The method of procedure, and the 
general properties of the products are exemplified by the case of 
di-p-tolyloxyisopropyl alcohol. 

wy-Di-p-tolyloxyisopropyl phosphate, (C;H,*O-CH,),CH*O-PO(OH),. 
In order to obtain a good yield of the mono-ester, it is necessary to 
use a considerable excess of phosphorus oxychloride. The pyridine- 
phosphorus oxychloride compound, however, is only slightly soluble 
in pyridine. Its effective concentration is therefore diminished by 
separation in solid form, and hence the production of the bis-ester 
is favoured. This difficulty may be obviated by using a mixture 
of chloroform and pyridine as the solvent. 

A solution of the alcohol (2-72 g.) in 8 c.c. of pyridine was added, 
in the course of about 20 minutes, to a solution of 3-6 c.c. of phos- 
phorus oxychloride (4 mols.) in 8 ¢.c. of pyridine (10 mols.), which 
had been mixed with 10 c.c. of chloroform. The process was carried 
out in the absence of atmospheric moisture and at 0°. Each drop 
caused the appearance of a transient red coloration, and towards the 
end of the operation a small quantity of crystalline matter separated. 
After standing a short time in ice and for $ hour at room temper- 
ature, the mixture was decomposed with ice and rendered alkaline 


alon; 
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mn. p 
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with ammonia. The aqueous layer was filtered from the oily 
mixture of bis-ester and chloroform and made strongly acid. The 
emulsion which at first formed soon crystallised to a mass of needles, 
which, after being washed with dilute hydrochloric acid and dried 
in a vacuum, weighed 3-99 g. (96%). The crystals melted at 158° 
after recrystallisation from ethyl acetate—light petroleum (Found : 
P, 8-6. C,,H,,0,P requires P, 8-8%). 

Di-p-tolyloxyisopropyl phosphate is soluble in alcohol, ether, and 
other organic solvents. It is moderately easily soluble in hot 
water, and readily soluble in dilute ammonia; more concentrated 
ammoniacal solutions are soapy and, on evaporation, deposit the 
ammonium salt in oily form. The ester is hydrolysed by warming 
with hydrochloric acid in aqueous-alcoholic solution; but the 
sodium salt of the ester is unaffected by boiling with aqueous caustic 
soda. 

Bis-wy-di-p-tolyloxyisopropyl phosphate, 

[(C,H,*O-CH,),CH:O],PO-OH. 

Phosphorus oxychloride was added slowly to an ice-cold solution 
of the alcohol (1 mol.) in pyridine, the precautions indicated above 
being taken; the mixture was then heated for about 4 hour in a 
water-bath. After treatment with ice and ammonia, the pyridine 
was driven off by heating in the water-bath, and the bis-ester was 
removed by extraction with ether. The ethereal solution on 
standing over anhydrous potassium carbonate deposited the 
potassium salt of the bis-ester, from which the free ester was 
obtained by treatment with dilute acid. The ester forms needles, 
m. p. 160°, from acetic acid (Found: P, 4-9. C,,H,,0,P requires 
P, 51%). The yield varied considerably. In one experiment it 
amounted to 94%. When the reaction mixture was not heated 
before being decomposed with ice, only 20—30°% of bis-ester was 
obtained. The ester is insoluble in water or aqueous caustic alkali. 
No hydrolysis occurred on boiling a solution of the sodium salt in 
alcoholic sodium hydroxide. 

On evaporating the ethereal solution from which the potassium 
salt of the bis-ester had separated, there was always obtained a 
certain amount of a solid substance containing phosphorus, presum- 
ably the tri-ester. After recrystallisation from aqueous alcohol it 
melted at 205—207°. Di-p-tolyloxyisopropyl chloride is present 
along with this product if the reaction mixture has been heated 
before treatment with ice. 

ay-Diphenoxyisopropyl phosphate, (C,H,;*O-CH,),CH-O*PO(OH),, 
m. p. 137—137-5°, crystallises with difficulty. The best solvent is 
ethyl acetate-light petroleum. The sodiwm salt forms colourless 
prisms, m. p. 54° (Found: H,O, 33:0. C,;H,;O,PNa,,10H,O 
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requires H,O, 32-83%. Found for the salt dried at 110°: Na, 12-1; 

P, 8:5. C,;H,;0,PNa, requires Na, 12-5; P, 8-4%). 
Bis-«y-diphenoxyisopropyl phosphate, 

[(C,H,*O-CH,),CH:O],PO-OH, 

forms needles, m. p. 105° from acetic acid (Found : C, 65-4; H, 5-8; 

P, 5:7. Cg9H3,0,P requires C, 65-4; H, 5:7; P, 5-6%). 
wy-Di-o-tolyloxyisopropyl phosphate, (C;H,*O-CH,),CH-O-PO(OH),, 

could not be crystallised, but its solution in warm aqueous sodium 

hydroxide gave colourless needles of the sodium salt, 

(C,H,-O-CH,),CH-O-PO(ONa),,10H,O 

(Found: P, 5:35; H,O, 32-9. C,,H,0,PNa,,10H,O requires 

P, 5-4; H,O, 31-25%). 

Preparation of Diaryloxyisopropyl Chlorides and Pyridinium Salis 
by the Action of Phosphorus Oxychloride and Pyridine.—Di-p-tolyloxy- 
isopropyl! alcohol was caused to react with phosphorus oxychloride 
in pyridine solution according to the method described under the 
preparation of the monophosphoric ester (the use of chloroform as a 
solvent is not essential). The reaction mixture was then heated 
in a water-bath for } hour. On treatment with ice, «y-di-p-tolyloxy- 
isopropyl chloride separated in almost pure condition; m. p. 73° 
after crystallisation from alcohol. The yield, 77%, was not altered 
by keeping the reaction mixture at room temperature for $ hour 
before heating or by continuing the heating in the water-bath for 
an additional 3 hours. 

1-xy-Di-p-tolyloxyisopropylpyridinium nitrate, 

C;H,;N-CH(CH,°O-C,H,).,NOs. 

The filtrate from the di-p-tolyloxyisopropyl chloride (about 200— 
300 c.c.) was mixed with a large excess of saturated ammonium 
nitrate solution. The pyridinium nitrate thus slowly precipitated 
(yield, 16%) recrystallised from alcohol or chloroform in colourless 
plates, m. p. 165° (decomp.) (Found: C, 66-6; H, 6-05; N, 7:1. 
C..H,,0;N, requires C, 66-7; H, 6-1; N,7-1%). The corresponding 
chlorate, prepared from the nitrate and potassium chlorate in hot 
concentrated aqueous solution, crystallised from chloroform in 
colourless plates, m. p. 153° (violent decomp.) (Found: N, 3:2; 
Cl, 8-4. C,,H,,0;NCl requires N, 3-35; Cl, 8-5%). The thiocyanate, 
also, is crystalline and sparingly soluble in water. The double 
compound which the pyridinium chloride forms with mercuric 
chloride is sticky. 

Di-p-tolyloxyisopropylpyridinium nitrate is decomposed by cold 
aqueous sodium hydroxide, giving a turbid, brown solution. An 
alkaline vapour with a peculiar smell is liberated on heating, but 
no pyridine could be detected. If the resinous matter formed by 
the action of cold caustic soda is removed by shaking with ether, 
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p-cresol can be detected in the colourless alkaline solution. From 
0-8 g. of the pyridinium salt, treated in this manner, 0-43 g. of p-tolyl 
benzoate was obtained, m. p. 69-5° (mixed m. p. 69°). One of the 
products of the alkaline fission of the pyridinium nitrate condenses 
with aniline. A solution of the salt in alcohol, containing aniline 
(1 mol.) and potassium hydroxide (1 mol.), was kept at 0° for 12 
hours. Potassium nitrate was deposited, and from the filtrate on 
treatment with dilute nitric acid deep red crystals were obtained, 
m. p. 117—119° (decomp.). The phenomena are similar to those 
observed by Zincke in the case of the pyridinium salt derived from 
dinitrochlorobenzene (Annalen, 1904, 333, 296). Pyridine, along 
with much tarry matter, was obtained on heating the pyridinium 
nitrate with a 10% aqueous solution of sodium acetate for 4 hours 
at 160°. 

1-awy-Di-o-tolyloxyisopropylpyridinium nitrate forms colourless 
leaflets, m. p. 154°, from aqueous alcohol. The yield was 12-5% 
(Found: C, 66-5; H, 6-2; N, 7-:0%). The properties of the sub- 
stance are very similar to those of the p-tolyl compound. 

1-wy-Di-p-nitrophenoxyisopropylpyridinium nitrate was obtained as 
colourless prisms, m. p. 182°. It is considerably less stable than the 
tolyl derivatives. 

ay-Di-p-nitrophenoxyisopropyl chloride is very sparingly soluble in 
most solvents; it crystallises from glacial acetic acid in prisms, 
m. p. 186°. The yield was 84% (Found: Cl, 9-7. C,;H,,0,N,Cl 
requires Cl, 10-1°%). 

The Action of Phosphorus Oxychloride and Pyridine on Diphenoxy- 
isopropyl Alcohol at 100°.—No pyridinium nitrate was isolated in 
this case; the failure is probably due to the salt being more soluble 
than the corresponding tolyl compounds. Diphenoxyisopropyl 
chloride was formed in about 75% yield, and no phosphoric esters 
were obtained. 

The Action of Phosphorus Oxychloride on Diaryloxyisopropyl 
Alcohols in the Absence of Pyridine—This action was investigated 
in this laboratory some years ago by Mr. A. G. King. Mono- and 
bis-esters of phosphoric acid were obtained from diphenoxyiso- 
propyl alcohol and from di-p-tolyloxyisopropyl alcohol; but in 
neither case could any diaryloxyisopropyl] chloride be detected. 


One of us (D. E. L.) was in receipt of a grant from the Depart- 
ment of Scientific and Industrial Research for a part of the time 
during which this investigation was in progress, and grateful acknow- 
ledgment of this assistance is made. 
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XXXIII.—The Co-ordination Valency of Aluminium “ 
in its Salicylato-derivatives. 
By Grorcre JosepH Burrows and Ian Writ1am Wark. the 
Various complex aluminium compounds have been described in ‘ 
the literature. In some, the co-ordination number of aluminium : 
is 4, as in NafAICl,] and the alkali aluminates generally, which =k 
Heyrovsky (J., 1920, 117, 1013) concluded were derivatives of We 
H[Al(OH),]. In others, it is 6, as in cryolite. Various aluminium the 
compounds containing residues of organic acids have been described, Ii 
viz., three types of oxalato-derivatives (all prepared from aluminium 
hydroxide): R[Al(C,0,)»], R,[Al(C,0,),(OH)], and R,[Al(C,0,),}* Hy. 
(Rosenheim, Z. anorg. Chem., 1896, 11, 189); aluminium salts of Me 
various organic acids, in particular aluminium hydrogen tartrate, i 
Al(C,H,0,)3, and sodium aluminotartrate, Na,[Al(C,H,0,)3] (Gold- 
man, Biochem. Z., 1922, 133, 459); compounds with pyrocatechol shat 
to which are assigned formule such as [Al(C,H,O,),]K,H, 
[Al(C,H,0,).]K,C,H,(OH),,2C,H,0,,9H,0 (Weinland and Benzel, its 
Ber., 1914, 47, 2753). fiat 
A study of other complex aluminium compounds seemed desirable Paes 
for various reasons. Aluminium oxide apparently gives rise to two diffe 
stable hydroxides with 1 and 3H,0, respectively, which may be dain 
regarded as H{Al(OH),] and H,[Al(OH),]. ‘The first would conform H rv 
to the low atomic number of the metal and to its position in the ince 
periodic table, from which one might expect co-ordination com- or 
pounds resembling those of boron, whilst in the second aluminium is 
shows its resemblance to iron and chromium, and this resemblance with 
is further exemplified by the ease of preparation and stability of lieth 
the normal oxalato-derivatives, R,[Al(C,0,)3], which are iso- d 
morphous with the corresponding ferri- and chrom-oxalates, This r 
work was therefore undertaken with the view of ascertaining § H,| A 
whether in its salicylato-derivatives aluminium resembles chromium § gj, 1; 
and iron, or boron. neutr: 
Furthermore, at the time this investigation was commenced it salicy 
was hoped that some asymmetric aluminium compounds would be § aqqin, 
isolated which could be resolved into optical antipodes; but such a pouité, 
resolution has now been effected by Wahl (Ber., 1927, 60, 399). salicy 
Weinland and Zimmermann (Arch. Pharm., 1917, 255, 204) have Atte 
studied the iron salicylato-compounds, and Barbieri (Atti R. Accad. § nojog, 
Lincei, 1915, 24, i, 605) has prepared various chromium compounds. § ini, 4) 
* In all our attempts to prepare compounds of these three types from R,[Al( 
aluminium hydroxide we have succeeded in isolating only compounds of the hydro; 
type R,[Al(C,0,)3]. The oxalato-compounds will be discussed in a sub- This 


sequent communication. 


s 
OF ALUMINIUM IN ITS SALICYLATO-DERIVATIVES. 223 


The latter are of particular interest, since chromisalicylic acid is 
H{Cr(C,H,0O,).],3H,O and salts of the type R[Cr{(C,H,0,),NH;}, 
were Obtained, in which R is an alkali metal. In both these cases 
the ratio of chromium to salicylic acid is 1 : 2, and the complex ion 
is accordingly univalent. 

The borosalicylates have been shown by Béeseken and his co- 
workers to be derivatives of H[B(C,H,0;),]; and by obtaining the 
d- and l-strychnine salts, Béeseken and Meulenhoff (Proc. K. Akad. 
Wetensch. Amsterdam, 1924, 27, 174) have definitely established 
the stereochemistry of these compounds. 

It was expected that aluminium compounds would be obtained 
corresponding to one or other of the acids H[Al(C,;H,O,),] and 
H,[Al(C,H,O,),]. Our endeavours to prepare these compounds, 
however, were unsuccessful, and although we obtained evidence of 
the existence of the compound Na,[Al(C,H,O,),] and the cor- 
responding ammonium salt, we failed to isolate either in a pure 
condition. The salts isolated all contain sodium (or its equivalent), 
aluminium, and salicylic acid in the ratio 2:1:2, together with 
solvent of crystallisation. Aluwminosalicylic acid, obtained from 
neutral solutions of alum and sodium or ammonium salicylate, on 
drying in a vacuum has the composition HAI(C,H,0,).,2H,0, 
differing from the chromisalicylic acid of Barbieri (loc. cit.) in 
containing 2H,O instead of 3H,O. This would suggest the formula 
H[Al(C,H,05).],2H,O, corresponding to the ordinary valency of 
aluminium, and a co-ordination number of 4. Experiment showed, 
however, that this acid requires 2 equivalents of sodium hydroxide 
for complete neutralisation (and solution), and this fact, together 
with the nature of the salt so formed and the effect of drying, 
leads to the conclusion that the acid is dibasic. This can be recon- 
ciled with the valency of aluminium by regarding the acid as 
H,| A(C7H,03)29 8, | , in which the co-ordination valency of 
aluminium is 6. Derivatives of this acid were prepared (a) by 
neutralising the free acid with the desired base, (b) by treating 
salicylic acid with freshly precipitated aluminium hydroxide and 
adding the calculated amount of the base, and (c) by double decom- 
position. In all cases the ratio metal (univalent) : aluminium : 
salicylic acid was 2:1: 2. 

Attempts to replace the hydroxyl and the aquo-group by another 
molecule of salicylic acid, or to introduce another atom of sodium 
into the molecule, were unsuccessful. No compound of the type 
R,[Al(C,H,03)3] or RLAI(C,H,0,),] could be isolated from aluminium 
hydroxide and salicylic acid or alkali salicylates. 

This result may possibly be due to the formation of the ion 
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[Al(C,H,0,),|’ and its subsequent hydrolysis by water. It was 
therefore decided to prepare analogous compounds in anhydrous 
alcohol from aluminium methoxide (or ethoxide), salicylic acid, 
and sodium methoxide (or ethoxide). Although the molecular 
proportions were varied, the salt which separated from solution 
invariably had the same molecular ratio as before and in addi. 
tion contained alcohol. These salts could be recrystallised from 
anhydrous methyl] alcohol, in which they dissolved with a notice. 
able evolution of heat. 

The solution of aluminosalicylic acid formed from aluminium 
methoxide and salicylic acid was strongly fluorescent when cold, 
a fact which recalls the conclusions of Waterman (Proc. K. Akad. 
Wetensch. Amsterdam, 1918, 20, 581) as to the possibility of tauto- 
merism in salicylic acid and its salts. 

From an exhaustive analytical study of the sodiwm salt obtained 
from aluminium methoxide, salicylic acid, and sodium methoxide, 
we are led to the conclusion that salts obtained in this way and 
those obtained in aqueous solution from aluminium hydroxide are 
derivatives of the same acid. Thus the salt prepared in methyl- 


alcoholic solution is Na| Al(C7H,O3)oo4y, |-2CH,'OH. Variation 
in the relative amounts of aluminium, salicylic acid, and sodium 


methoxide was without effect on the composition of the salt which 
separated from solution. 


It is difficult to explain the presence of hydroxyl and aquo-§ 


groups in compounds prepared in the absence of water. In view 
of the precautions taken to render our reagents anhydrous, we feel 
certain that water was not introduced in this manner, and that 
these groups result from one of the reactions involved in the 
preparation. 

Attempts to prepare from aluminosalicylic acid and weak bases 
salts conforming to the type R,[Al(C;H,0,)3] were also unsuccessful. 
No definite ammonium or pyridinium salt could be obtained, and 
the strychnine salt prepared in alcoholic solution was of the same 
type as the sodium salt. 

The reactivity of aluminium alkyloxides towards salicylic acid, 
together with the ease of obtaining pure derivatives by using this 
material as the starting point, induced us to study the action of 
ethyl and methy] salicylates on aluminium ethoxide and methoxide, 
respectively. In this way crystalline products were obtained the 
compositions of which are represented by AI(C,H,O,), and 
Al(C,H,O,), respectively. In view of the fact that phenol yields 
a crystalline derivative, it appeared possible that these compounds 
were simply salts of tervalent aluminium. However, experiments 
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in which other esters, e.g., ethyl malonate and benzoate, were 
caused to react with aluminium ethoxide lead to the conclusion 
that these compounds are co-ordination compounds of aluminium, 
and that not only is the hydrogen of the phenolic group reactive in 
this connexion, but that co-ordination also takes place through the 
ketonic oxygen of the ester. We are thus of the opinion that the 
constitution of the ester products is correctly represented by the 
formul given, in which the co-ordination valency of aluminium is 6. 

The ethyl malonate compound, like the aluminium salicylic esters, 
was isolated in a crystalline condition, and analysis indicates that 
itis aluminium malonic ester, [Al{CH(CO,Et),},], identical with that 
prepared by Titschenko (J. Russ. Phys. Chem. Soc., 1899, 31, 694, 
784); the extraordinary solubility of this compound in liquids of 
low dielectric constant indicates that it is not an aluminium salt. 

The ethyl benzoate compound has not yet been obtained in a 
crystalline condition sufficiently pure for further investigation. 

It is our intention to study the action of certain aldehydes on 
the aluminium alkyloxides., 


EXPERIMENTAL. 


Aluminosalicylic Acid, H,| (C;H,0,)2A1 Ff [He On mixing hot 
2 


aqueous solutions of potash alum (1 mol.) and of sodium or 
ammonium salicylate (2 mols.), a violet-pink solution was obtained 
| from which fine, pink needles gradually separated. The product 
contained varying amounts of free salicylic acid, which was removed 
by washing with alcohol. Aluminosalicylic acid is only sparingly 
soluble in water, but on being moistened on litmus paper it gives 
an acid reaction. The acid requires 2 equivs. of sodium hydroxide 
for complete solution; further alkali renders the solution alkaline 
to litmus. On drying in an oven at 100°, the acid readily loses 
1 molecule of water, a second being driven off only with difficulty 
(Found: Al, 7-8. C,,H,,0,Al requires Al, 8-0%). 

(6) The same compound was obtained by mixing hot aqueous 
solutions of aluminium chloride (1 mol.) and salicylic acid (2 mols.) 
and washing the crystalline precipitate with alcohol (Found: Al, 
78%). 

(c) On adding an aqueous-alcoholic solution of salicylic acid (2 
mols.) to a cold suspension of freshly precipitated aluminium 
hydroxide, the latter dissolved, but a pink crystalline precipitate 
of aluminosalicylic acid slowly separated (Found: Al, 7-8%). 

(dq) A solution of salicylic acid (2 mols.) in anhydrous alcohol 
(dehydrated with metallic calcium or aluminium) was added to a 


suspension of aluminium ethoxide (1 mol.) in anhydrous alcohol. 
I 
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On warming, a clear purple solution was obtained having a blue 
fluorescence. No precipitate was formed, but on concentration in 
a vacuum desiccator, a pink, crystalline product was obtained 
which was dried over sulphuric acid (Found: Al, 7-9%). 

In preparing the aluminium alkyloxides used in this work the pro. 
cedure was as follows. The alcohol was first dehydrated by refluxing 
it with fine calcium turnings, or with very fine aluminium foil together 
with an extremely small quantity of mercuric chloride, and then 
distilling it, calcium chloride guard tubes being used throughout. 
A known weight of aluminium foil was then heated under reflux 
with dry alcohol and a trace of mercuric chloride until the aluminium 
was completely converted into alkyloxide. (In this operation it 
was found advantageous to add the alcohol very gradually— 
the reaction apparently proceeding most rapidly when metallic 
aluminium is exposed to alcohol vapour.) A solution of salicylic 
acid in anhydrous alcohol was then added. 

Sodium Aluminosalicylate.-—(a) The monohydrate, 

Nas| (C7H,03)eAl opp, |sH,0. ss : 
Aluminosalicylic acid was dissolved in the minimum quantity of 
aqueous sodium hydroxide. The deep yellow solution was warmed, 
filtered from excess of the acid (trace), and the filtrate concentrated 
on the water-bath under diminished pressure. The yellowish-pink 
needles that separated on cooling were filtered off and washed with 
alcohol. More of the salt was obtained from the mother-liquor by 
the addition of alcohol. The salt is extremely soluble in water 
and fairly readily soluble in methyl alcohol. An aqueous solution 
is alkaline to litmus (Found: Loss at 120°, 9:0; Al, 6-8; Na, 
11-6; C,H,O3, 67-2. C,,H,,0,AlNa, requires Al, 6-75; Na, 11:5; 
C,H,0,, 68-0; 2H,O, 9-0%). 

(b) The dimethyl-alcoholate, Na,| (C;H,0,)2Alpyy, |.2CH,OH. A 
solution of salicylic acid (2 mols.) in anhydrous methy] alcohol was 
added to aluminium methoxide (1 mol.) in methyl alcohol. On 
refluxing for some time, a clear solution was obtained, and to this 
was added a solution of sodium methoxide (2 mols.) in methyl 
alcohol. On cooling the yellow solution so obtained, the salt 
separated in cream-coloured needles; it was recrystallised from 
methyl alcohol and air-dried. In the process of crystallisation 
from methyl alcohol, the dissolution of the salt was strongly 
exothermic, and, on cooling, the separation of the salt was remark- 
ably sudden, suggesting the possibility of the process being one of 
alcoholysis followed by recombination to form the salt. On drying 
at 100° the salt lost 14:7%, corresponding to 2 molecules of 
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methyl alcohol. Owing to the difficulty of carrying out com- 
bustions with compounds of this type, several analyses were made, 
both of the air-dried salt and of the salt from which the alcohol 
had been expelled in the oven. Furthermore, combustions were 
effected in moist oxygen and also by the “ wet” chromic acid 


‘|method. In every case the results were concordant (Found: C, 


43:3; H, 4-6; Al, 6-2; Na, 10-4; C,H,0,, 60-6. C,,H,,0,),AINa, 
requires C, 43-3; H, 4-3; Al, 6-1; Na, 10-4; C,H,O,, 61-2; 2MeOH, 
145%). The same salt is apparently obtained by using aluminium 


'|ethoxide and sodium ethoxide in place of the corresponding meth- 


oxides and recrystallising the product from methyl alcohol (Found : 
Al, 6-0; Na, 10-2%). 

(c) The dihydrate, Nay| (C;H,03),Al0 44 {: 2H,0. This salt was 
obtained from the preceding by dissolving 5 g. in 20 c.c. of water 


‘Jat 40° and adding 100 c.c. of ethyl alcohol. The solution was kept 
at 40° for 2 hours and then allowed to stand over-night ; a copious, 


.|cream-coloured, crystalline precipitate thus separated (Found: Al, 


66; Na, 11-0. C,,H,;0,),AINa, requires Al, 6-5; Na, 11-1%). 
Barium Aluminosalicylate, Bal (C;H,0,)-A1 Ff | H,0.—This salt 
sae 


was obtained by adding an aqueous solution of sodium alumino- 
salicylate dihydrate to an aqueous solution of barium chloride, 
both at 40°. After a few minutes, a cream-coloured, crystalline 
precipitate separated. After 2 hours, this was removed by fil- 
tration and washed with water, in which the salt is only sparingly 
soluble. On drying in a desiccator over sulphuric acid, there was 
a slight change in colour, the final product being pale yellow (Found : 
Al, 5-6; Ba, 27-9. C,,H,,0,AlBa requires Al, 5-5; Ba, 28-1%). 
The same compound was obtained from a solution of sodium 
aluminosalicylate dimethyl-alcoholate at 40° by addition of barium 
chloride solution. 

Ammonium Aluminosalicylates.—Several attempts were made to 
prepare definite salts by passing dry ammonia into an alcoholic 
solution of aluminosalicylic acid prepared from aluminium ethoxide 
and salicylic acid in ethyl alcohol. Although crystalline products 


[were obtained, these always liberated the free aluminosalicylic 


acid on attempts at recrystallisation from methyl alcohol, and the 
analyses of such compounds indicated that the substance which 
originally separated in the preparation was invariably a mixture 
of aluminosalicylic acid and ammonium aluminosalicylate. 


Strychnine Aluminosalicylate, C.,H 20, NH] (C; H,0s) Ale, | — 


From the composition of the various salts isolated in this work, 
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we were led to conclude that the constitution of the complex ion is 
| (CoHLOs)2AH | , 

Since the hydroxyl and the aquo-group are obviously in the 
1 : 6 positions, such an ion is asymmetric and should be capable of 
resolution into optical antipodes. So far, we have failed to carry 
out such a resolution. We have, however, isolated definite crystal. 
line alkaloidal salts such as the strychnine, brucine, quinine, and 
narcotine compounds. Of these only the strychnine salt was 
analysed; it was prepared by adding the calculated amount of the 
alkaloid, dissolved in hot chloroform, to a hot alcoholic solution of 
aluminosalicylic acid, and cooling the solution. Although the 
molecular proportion of strychnine was varied, the composition of 
the salt did not change. Attempts to separate the optical isomerides 
by fractional crystallisation from alcohol or mixtures of alcohol 
and chloroform were unsuccessful (Found: Al, 4-0. C,;H,,0,)N,Al 
requires Al, 4-0%). 

Aluminium Methyl Salicylate, (CgH,03),A1—This compound was 
obtained by adding freshly distilled methyl salicylate (3 mols.) to 
an alcoholic solution of aluminium methoxide (1 mol.). The 
solution became pink, and after refluxing for 2 hours was kept 
over-night, whereupon well-formed, lustrous, brown crystals separ- 
ated. These were washed with a small quantity of alcohol and 
then with ether, and dried in a desiccator. They did not melt 
sharply on heating, but apparently underwent decomposition 
(Found: C, 60-0; H, 5-3; Al, 5-6. C,,H,,0,Al requires C, 60-0; 
H, 4:4; Al, 5-6%). 

Aluminium Ethyl Salicylate, (CjHgO3)zAl—This compound was 
prepared in an analogous manner to the preceding. The crystals 
obtained were similar in appearance to those of the previous com- 
pound (Found: C, 61-1; H, 5-4; Al, 5-0. C,,H,,0,Al requires 
C, 62-1; H, 5-2; Al, 5-2%). 

Aluminium Ethyl Malonate, (C;H,,0,),Al—This compound was 
obtained by Titschenko (loc. cit.) by acting on aluminium with 
ethyl malonate in the presence of a trace of mercuric chloride. 
In the present work, it was obtained in a manner similar to that 
adopted for the preparation of the aluminium salicylic esters, i.. 
by the interaction of ethyl malonate and aluminium ethoxide in 
the presence of ethyl alcohol. It is readily decomposed by water, 
and is remarkably soluble in all organic liquids. In fact, we had 
great difficulty in recrystallising the compound from any solvent 
and finally had to allow a solution in ether partly to evaporate i 
order to obtain a pure crystalline product (Found: C, 49-8; H, 
6-6; Al, 5-4. Cale.: C, 50-0; H, 6-5; Al, 5-4%). 
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Summary. 


1. Several derivatives of aluminosalicylic acid, 
H,| (C7H,03)eAlper, |, 

have been prepared from aqueous and alcoholic solutions. It has not 

been possible to prepare alkali-metal derivatives of H[Al(C,;H,035).] 

or of H,[Al(C,H,0g),]. 

2. An attempt to resolve the strychnine, brucine, quinine, and 
narcotine salts of the above acid into optical isomerides was 
unsuccessful. 

3. Reactions between aluminium alkyloxides and certain esters, 
eg., methyl salicylate and ethyl malonate, produce complexes of 
the type Al[(C,H,O,),] and [Al{CH(CO,Et),},]. 


THE UNIVERSITY, SYDNEY. [Received, December 5th, 1927.] 


XXXIV.—The Migration of the Acyl Group in Partly 
Acylated Phenolic Compounds. Part I. 


By ARTHUR GEORGE PERKIN and RaLtpH CHARLES STOREY. 


WueEN 2-acetylalizarin is methylated with diazomethane (Kubota 
and Perkin, J., 1925, 127, 1889) a wandering of the acetyl group 
occurs, 1-acetylalizarin 2-methyl ether (6 parts) and 2-acetylalizarin 
l-methyl ether (1 part) being obtained. In an analogous manner, 
2:3-diacetylanthragallol (referred to later) gives 1 : 3-diacetyl- 
anthragallol 2-methyl ether and 2 : 3-diacetylanthragallo] 1-methyl 
ether, the former as chief product. When, however, 3:7: 3’: 4’- 
tetra-acetylquercetin is treated similarly, migration of the acetyl 
group does not occur, only 3:7: 3’: 4’-tetra-acetylquercetin 
5-methyl ether being produced. The present investigation was 
undertaken to study, not only the behaviour of other partly acetyl- 
ated hydroxy-ketones with diazomethane, but also the effect in 
these circumstances of the carbethoxy-, benzoyl, and toluene-p- 
sulphonyl groups. It was desirable again to devise a method 
whereby «-methy] ethers of the hydroxyanthraquinones, only traces 
of which have been hitherto available, could be obtained in reason- 
able amount for further study. 

The general methods here devised for the preparation of the 
hitherto unknown partly acylated compounds required for this 
work, which are described in the sequel, hardly require comment. 
For the preparation of 2-benzoylalizarin and 2-benzoylanthra- 
purpurin, however, somewhat novel processes, involving the action 
of benzoyl chloride in presence of pyridine on 2-acetylalizarin and 
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2 : 7-diacetylanthrapurpurin, respectively, were employed. In the 
former case, l-acetyl-2-benzoylalizarin, and in the latter 2-benzoyl. 
1 : 7-diacetylanthrapurpurin, was obtained, a migration of an 
acetyl group from the 1- to the 2-position having occurred in both 
cases. From these compounds by acid hydrolysis the desired 
2-benzoylalizarin and 2-benzoylanthrapurpurin were obtained, 
Again, 2 : 3-diacetylanthragallol with excess of benzoyl chloride 
yielded the 2 : 3-dibenzoyl-l-acetyl compound (a reaction which 
involves the migration of one acetyl group and the replacement of a 
second by a benzoyl group); this by removal of the acetyl group 
gave the dibenzoylanthragallol required for investigation. In 
these cases, migration occurs during the benzoylation, and no 
alteration of the position of the benzoyl group occurs during the 
subsequent hydrolysis of the benzoylacety] compound. These 
results thus differ from those observed by Fischer, Bergmann, and § 
Lipschitz (Ber., 1918, 54, 45), who cite, together with other cases, 
the formation by hydrolysis of 3-henzoylgallic acid from 4-benzoyl- 
3: 5-diacetylgallic acid and of 3-benzoylprotocatechuic acid from 
4-benzoyl-3-acetyl-protocatechuic acid. 

In the methylation, various solvents—ether, acetone, tetra- 
chloroethane, and nitrobenzene—were employed, dependent in 
each case on the more ready solubility of the acetyl compound 
therein. From isolated experiments, it did not appear that the 
migration varied appreciably in amount by the use of one or other 
of these solvents, or that this could be rendered complete, or was 
indeed affected, by the employment of a very large amount of diazo- 
methane. Owing to the formation of viscid matter, the yield of 
crystalline methylation product which could be isolated varied 
according to the acyl compound under investigation, and in some 
cases (compare acetylpurpurin) was poor. The results given below, 
expressed in parts, are the relative quantities of the methyl ethers 
isolated from the reaction product. 2-Benzoylalizarin (I), for 


OMe OMe 


ACO, 
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OH 7 (IL) 
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instance, gave calunle in tetrachloroethane 2-benzoylalizarin 
1-methyl ether (IT) (6 parts) and 1-benzoylalizarin 2-methyl ether 
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(III) (1 part). 
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From these compounds by hydrolysis, alizarin 1- 


(IV) and 2-methyl ethers were respectively obtained. 
In the other results, expressed as follows, the presence of an 
asterisk indicates that the compound though present was not isolated. 


2-Ethylearbonato- 
alizarin N 


2-Toluene-p-sulphonyl- 
alizarin 


2: 7-Diacetylanthra- 
purpurin 


2: 7-Diethylearbonato- 
anthrapurpurin 


2-Benzoylanthra- 
purpurin 


2-Acetylpurpurin 


2-Acetylpurpuro- 
xanthin 


: 2(or 


gallol 


A 
3: 4(or 2: 3)-Diacetyl- 
gallacetophenone \ 


3:4(or 2 : 3)-Ditolu- 
ene-p-sulphonyl- 
gallacetophenone 


A 
2 : 3)-Diethyl- 
carbonatoanthra- \ 


3:4(or 2: 


—> 


1-Ethylcarbonato- 


alizarin 2-methyl 


ether 


2-Ethylearbonato- 


alizarin 1-methyl 


ether 


2-Toluene-p-sulphonyl- 


alizarin 1-methyl 
ether 

: 7-Diacetylanthra- 
purpurin 2-methyl 
ether * 

: 7-Diacetylanthra- 
purpurin 1-methyl 
ether * 

: 7-Diethylcarbonato- 
anthrapurpurin 
2-methyl] ether * 


2 : 7-Diethylcarbonato- 


anthrapurpurin 
l-methyl ether 


1-Benzoylanthra- 


purpurin 2: 7-di- 


methyl ether 


2-Benzoylanthra- 


purpurin 1: 7-di- 


methyl ether 


1-Acetylpurpurin 


2: 4-dimethyl ether 


1-Acetylpurpurin 


2-methyl ether 


3-Acetylpurpuro- 


xanthin 1-methyl 


ether 


—_ 


> 


: 3(or 1: 2)-Diethyl- _ 


carbonatoanthra- 
gallol 2-methyl ether 
1 ; 3-Diethylcarbon- 
atoanthragallol 
2-methyl ether 
phenone 3-methyl 
ether 
3)-Diacetyl- 
gallacetophenone 2 
(or 4)-methyl ether 


3:4(or 2: 3)-Ditolu- 


ene-p-sulphonyl 
gallacetophenone 2 
(or 4)-methyl ether 


2: 4-Diacetylgallaceto- _ 


> 


— 


Alizarin 2-methyl 
ether (1 part) 


Alizarin _1-methyl 
ether (3 parts) 


Alizarin 
ether 
duct) 

Anthrapurpurin 
2-methyl ether 


1-methyl 
(sole pro- 


Anthrapurpurin 
l-methy] ether 


Anthrapurpurin 
2-methyl ether 
(2 parts) 

Anthrapurpurin 
1-methyl ether 
(5 parts) 

Anthrapurpurin 
2 : 7-dimethyl 
ether 

Anthrapurpurin 
1 ; 7-dimethyl 
ether 

Purpurin 1 : 3-di- 
methyl ether (5 
parts) 

Purpurin 2-methyl 
ether (1 part) 

Purpuroxanthin 
1-methyl ether 
(sole product) 

Anthragallol 1- or 
3-methyl ether 


Anthragallol 
2-methyl ether 


Gallacetophenone 
3-methy] ether (A) 


Gallacetophenone 
2 (or 4)-methyl 
ether (B) 

Gallacetophenone 
2 (or 4)-methyl 
ether 


In the above experiment with 2-acetylpurpurin, much viscid 
matter was produced, and therefore it is possible that traces of 


12 
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2-acetylpurpurin l-methyl ether were also present, but escaped 
detection. 

The position of the methoxy-groups in these compounds could 
be deduced from their behaviour with boiling acetic anhydride; 
for instance, under identical conditions anthrapurpurin 1- and 
2-methyl ethers yielded the 2:7- and T-acetyl derivatives, 
respectively. 

That the gallacetophenone methyl ether (A), which is identical 
with that obtained by one of us (J., 1903, 83, 131) from mono- 
potassium gallacetophenone and methyl iodide, contains the 
methoxy-group in position 3 is evident from its properties and 
the fact that (by methods described later) it yields pyrogallol 
2-methyl ether. (B), on the other hand, which in similar circum- 
stances gives pyrogallol 1-methy]l ether, is either the 2- or 4-methy] 
ether of gallacetophenone, for although analogy suggests that it has 
the former constitution and that the partly acetylated gallaceto- 
phenone from which it is derived is the 3: 4-acetyl compound, 
this is hardly certain, because in view of the work of Pascu (Ber., 
1923, 56, 407) on the acetyl derivatives of 2:3: 4-trihydroxy- 
benzoic acid, a possibility exists that this may be the 2 : 3-diacetyl 
derivative. A similar uncertainty exists in regard to the position 
of the acetyl groups in the partial acetylation product of anthragallol, 
which by analogy with alizarin has been hitherto assumed to be the 
2 : 3-diacetyl derivative, for there is a possibility as a result of the 
work of one of us and Mr. C. W. H. Story now in progress, that the 
acetyl groups may be in the 1: 2-diacetyl positions and that the 
product of its methylation, described by Kubota and Perkin (loc. cit.) 
as anthragallol 1-methy] ether, is in reality the 3-methoxy-compound. 

The results of this and the preceding investigation (loc. cit.) show 
that by methylating the hydroxyacetoxyanthraquinones enumerated 
above with diazomethane the migration of the acetyl group approxi- 
mates to 85%. When the ethylearbonato-group is similarly 
present, this wanders to a less extent (about 25%), and the 
migration of the benzoyl group is even smaller (about 20%). With 
the toluene-p-sulphonyl group, however, migration does not occur, 
and as a result a method is now available whereby good yields of 
the 1 (or 3)-methyl ethers of hydroxyanthraquinones or hydroxy- 
ketones can be obtained. 

When, as with monoacetylpurpuroxanthin, the acetoxy- and 
hydroxy-groups are not vicinal, migration of the acetyl group does 
not occur under the influence of diazomethane, as was also the 
case with 4: 7 : 3’ : 4’-tetra-acetylquercetin in similar circumstances 
(loc. cit.). Somewhat analogous are the results of Bergmann and 
Dangschat (Ber., 1919, 52, 371), who observed that the migration 
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of the benzoyl group described by Fischer, Bergmann, and Lipschitz, 
referred to above, does not take place with similar derivatives of 
8-resorcylic and gentisic acids. Again, migration of the benzoyl 
group does not occur when 2-benzoylresorcylic acid is submitted 
to the action of diazomethane. 

Adopting the suggestion of Sidgwick and Callow (J., 1924, 425, 
527; compare Dimroth and Faust, Ber., 1921, 54, 3126) that the 
inert character of the «-hydroxyl of hydroxy-ketones in comparison 
with that in the 8-position is to be explained by the presence of 
a six-membered chelate ring (V), it would appear that, if in such 
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compounds the attraction of the carbonyl for the 1-hydroxyl was 
removed, the latter would then possess more “ basic ”’ properties, 
or a greater attraction for the acyl group, than that in the 2-position. 
Such a view receives some support from the work of Bergmann and 
Dangschat (loc. cit.), who showed that by cautious hydrolysis both 
diacetyl-8-resorcylic acid and diacetylgentisic acid yielded the 
2-acetyl derivative. Again (Pascu, loc. cit.), by similar treatment, 
4-hydroxy-2 : 3-diacetoxybenzoic acid gives apparently the 3: 4- 
dihydroxy-2-acetoxy-compound. 

That, on the other hand, the 2-hydroxyl of the hydroxy-ketone 
dyes has marked “ acidic ”’ property is suggested by the fact (Perkin, 
J., 1899, 75, 433) that by the action of alcoholic potash, or alcoholic 
potassium acetate, on these compounds the 2-potassiumoxy-salt 
is first produced. The 2-hydroxyl is, however, more readily 
acylated than the 1-hydroxyl, and this apparent anomaly may be 
due to the fact that the ‘‘ basic ”’ function of the latter is suppressed, 
at least in part, by its co-ordination with the carbonyl group. It 
seems likely that the 2-acetyl group to some extent attracts the 
1-hydroxyl, so that the chelate ring is weakened—an effect which 
may be expressed (VI) by means of a co-ordinate link between the 
oxygen of the 1-hydroxyl and the acetyl group. 

In discussing the migration of the acyl group from the 2- to the 
1-position under the influence of diazomethane, the transformation 
of 2-acetylalizarin into 1l-acetylalizarin 2-methyl ether may be 
taken as typical. Although a trace of 2-acetylalizarin 1-methyl 
ether is present in the reaction product, there is no reason to presume 
that this is the initial product of the reaction, from which, by an 
interchange in the positions of methyl and acetyl, the 1-acetyl- 
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alizarin 2-methyl ether is formed subsequently. It seems more 
probable indeed that migration of the acetyl from the 2- to the 
1-position first occurs, and that this is followed by the methylation 
of the 2-hydroxyl thus vacated. For these changes to occur, it is 
probable that, as a preliminary, the influence of the carbonyl on 
the 1-hydroxyl has been suppressed or rendered non-existent, and 
that this, it is suggested, may have arisen from the production of a 
loose compound of diazomethane with the carbonyl oxygen. The 
nature of such a combination need not be at present discussed and 
is here (VII) referred to as X. 


OH 


Ox 
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As a result, the full attraction of the 1-hydroxyl for the acety] 
group now comes into play, and migration of the latter from the 
2- to the 1-position occurs, possibly via some intermediate stage as 
(VIII), a type of change which has been suggested by Fischer, 
Bergmann, and Lipschitz (loc. cit.) in explanation of the wander- 
ing of the benzoyl group in the benzoylhydroxybenzoic acids above 
referred to. Excess of diazomethane being present, methylation 
of the 2-hydroxyl (IX) now occurs, and finally, as diazomethane 
disappears from the solution, the addition product of the latter 
with the carbonyl group suffers decomposition (X). 
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Should the co-ordinating effect of the carbonyl be concerned with 
the para- rather than with the «-hydroxyl, as may perhaps be the 
case in the diacetylanthragallol and diacylgallacetophenones here 
studied, then the migration of the acyl group which occurs when 
these compounds are treated with diazomethane can be similarly 
explained. 

Such a theory will also account for the wandering of the acetyl 
group during benzoylation, as in the formation of 2-benzoyl 
l-acetylalizarin from 2-acetylalizarin (loc. cit.), it being assumed, 
in this case, that the formation of a loose compound between the 
carbonyl! and either benzoyl chloride or the catalyst precedes the 
migration process. 

The fact that in similar circumstances the ethylcarbonato- and 
benzoyl groups wander to a less extent than the acetyl group is 
probably to be accounted for by their higher molecular weight and 
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lower acidity, and consequent resistance to displacement, whereas 
the complete lack of migration shown by the strongly acid toluene- 
p-sulphony] radical can only be explained on the former assumption. 

An account of the preparations, from anthragallol, of the anthra- 
gallol 1: 3- and 1 : 2-dimethyl ethers present in Chay Root which 
has been recently effected by one of us and Mr. C. W. H. Story 
will be communicated to the Society in due course. 


EXPERIMENTAL. 


2: 7-Diacetylanthrapurpurin—Commercial anthrapurpurin purified 
by the method of Goodall and Perkin (J., 1924, 125, 473) (5 g.) was 
digested with a boiling mixture of acetic anhydride (50 c.c.) and 
acetic acid (50 c.c.). Twenty drops of pyridine were added, and 
when solution was complete the liquid was poured into alcohol. 
The deposit, recrystallised from alcohol-acetic acid, gave fine, 
yellow needles, m. p. 192—193° (Found : C, 63-3; H,3-6. C,,H,,0, 
requires C, 63-5; H, 3-55%). 

Alternatively, potassium acetate (2-5 g.) was boiled with acetic 
anhydride (25 c.c.) and, when the mixture was cold, anthrapurpurin 
(5 g.) was added. The crystals which had separated over-night 
melted at 192—193° after recrystallisation. The diacetyl compound 
which is described by Knoll and Co. (D.R.-P. 117730) as melting at 
175—178°, and is said to be prepared by the gentle acetylation of 
anthrapurpurin, can hardly be a pure compound. 

Methylation. 2:3-Diacetylanthrapurpurin (2 g.) in _ nitro- 
benzene (35 c.c.) or acetone (150 c.c.) was treated with ethereal 
diazomethane from nitrosomethylurethane (9:25 c.c.). After 2 
days, the filtered solution was freed from ether and steam-distilled 
to remove nitrobenzene. The viscid residue was hydrolysed in 
acetic acid (15 c.c.) with hydrochloric acid in the usual manner, 
and hot water cautiously added to the solution. When cold, the 
crystals were collected and fractionally crystallised from alcohol. 
The sparingly soluble fraction, which formed orange-red needles, 
m. p. 308—309°, consisted of anthrapurpurin 2-methyl ether (Found : 
CU, 66-7; H, 4:1; CH,, 5-6. C,;H,,0, requires C, 66-7; H, 3-7; 
CH,, 5-55%). 

1 : 7-Diacetylanthrapurpurin 2-methyl ether, obtained by means 
of acetic anhydride and pyridine, crystallises in yellow leaflets, 
m. p. 154—155° (Found: C, 64:1; H, 40. C,,.H,,0, requires 
C, 64:4; H, 4.0%). By a short digestion, however, with boiling 
acetic anhydride in the absence of pyridine, orange-yellow needles, 
m. p. 207°, of 7-acetylanthrapurpurin 2-methyl ether are obtained. 

The alcoholic mother-liquor from which the 2-methyl ether had 
separated was treated with baryta water, to precipitate as barium 


236 PERKIN AND STOREY: THE MIGRATION OF THE ACYL GROUP 


salt traces of the latter still present; the mixture was then boiled 
and filtered, and the filtrate made acid with hydrochloric acid. 
The crystals which separated were acetylated, for which purpose 
the use of pyridine was unnecessary, and the 2 : 7-diacetylanthra- 
purpurin 1-methyl ether recrystallised first from acetone and then 
from alcohol. It consisted of pale yellow leaflets, m. p. 136—137° 
(Found: C, 64:2; H, 3:95. C,gH,,0, requires C, 64-4; H, 4-0%). 

Hydrolysis with hydrochloric acid gave orange-red needles of 
anthrapurpurin i-methyl ether, m. p. 299—300° (Found: C,;H,,0,, 
76:2. Calc.,76:3%. Found: C, 67-0; H, 4:0; CHs, 5:3. C,;H,,0; 
requires C, 66-7; H, 3-7; CHg, 55%). ’ 

2 : 7-Diethylcarbonatoanthrapurpurin.—Anthrapurpurin (2 g.) in 
pyridine (25 c.c.) was treated drop by drop with ethyl chloroformate 
(1:8 c.c.), the temperature being kept at about 30°. After 1 hour, 
water (20 c.c.) was slowly added, and when crystals ceased to 
separate these were collected and recrystallised from alcohol. The 
golden-yellow needles melted at 166—167° (Found: C, 60-1; H, 
4:25. Cy 9H,,0, requires C, 60-0; H, 40%). Yield, 1-43 g. 

Methylation. 2:7-Diethylearbonatoanthrapurpurin (2 g.) in 
tetrachloroethane (30 c.c.) was treated with diazomethane from 
nitrosomethylurethane (8 c.c.). After 3 days, the filtered solution 
was steam-distilled, and the viscid residue well dried. A solution 
of the latter in methyl alcohol (25 c.c.) (charcoal), deposited lemon- 
yellow needles of pure 2 : 7-diethylcarbonatoanthrapurpurin 1-methyl 
ether (0-75 g.), m. p. 120—121° (Found : C, 60-8; H, 4-2. C,.,H,,0, 
requires C, 60-9; H, 4:3%). 

For hydrolysis, boiling 1% methyl-alcoholic potash was used, 
and the claret solution was diluted with water and acidified with 
hydrochloric acid. The yellow needles of anthrapurpurin 1-methyl 
ether which separated (0-5 g.) melted at 299—300° (Found: (, 
66-6; H, 3-8%). 

The alcoholic mother-liquors from which the 2 : 7-diethyl- 
carbonatoanthrapurpurin l-methyl ether had separated were 
concentrated, and while boiling, treated with a little methyl: 
alcoholic potash. The diluted solution on acidification deposited 
orange needles of anthrapurpurin 2-methyl ether (0-2 g.), m. p. 
308—309° (Found: C, 66-5; H, 4-1%). 

2-Benzoyl-1 : 7-diacetylanthrapurpurin—To 2 : 3-diacetylanthra- 
purpurin (1 g.) in chloroform (6 c.c.) and benzoyl chloride (1-3 c.c.), 
pyridine (1 c.c.) was slowly added, rise of temperature being avoided. 
After 2 days, the mixture was diluted with alcohol, and the separated 
product recrystallised from alcohol or acetic acid. The pale yellow 
plates or leaflets melted at 201—203° (Found: C, 67-7; H, 38. 
C,;H,,0, requires C, 67-6; H, 3-6%). 
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2-Benzoylanthrapurpurin.—By cautious hydrolysis of the benzoyl- 
diacetyl compound, 79-8% of 2-benzoylanthrapurpurin was obtained, 
(theoretical, 80-5%). The product crystallised from methyl alcohol 
or tetrachloroethane as yellow plates or prisms, m. p. 272—273° 
(Found: C, 69-85; H, 3-6. (C,,H,.0, requires C, 70-0; H, 3-3%). 
The yield reckoned on the diacetylanthrapurpurin employed was 
about 20%. 

Methylation. A solution of 2-benzoylanthrapurpurin (2 g.) in 
hot tetrachloroethane (120 c.c.) was cooled, some crystals separating, 
and the mixture was treated with diazomethane from nitroso- 
methylurethane (14 c.c.). After 2 days, the filtered solution was 
steam-distilled, and the viscid residue dissolved in hot methyl 
alcohol (550 c.c.) (charcoal). The crystals of the sparingly soluble 
2-benzoylanthrapurpurin | : 7-dimethyl ether (Filtrate A), by recrystal- 
lisation from methyl alcohol, formed lemon-yellow leaflets, m. p. 
201—203° (Found : ©, 71-1; H,4-15; CH,,7-7. C.3H,,0., requires 
C, 71-1; H, 4:1; CH,, 7-7%). 

For hydrolysis, boiling 2°4 methyl-alcoholic potash was used, 
and the solution was diluted with hot water and acidified. Yellow 
needles of anthrapurpurin 1:7-dimethyl ether, m. p. 218—219°, 
soluble in dilute alkali with a red colour, thus separated (Found : 
C, 67-6; H, 4-3. C,,H,.0,; requires C, 67-6; H, 4-2%). 

Acetylation in the absence of pyridine yielded 2-acetylanthra- 
purpurin 1 : 7-dimethyl ether as pale yellow needles, m. p. 175—176°. 

The methyl-alcoholic filtrate (A) on evaporation to about 50 c.c. 
gave crystals, which were deposited from alcohol-acetic acid as 
yellow plates, m. p. 209—211° (Found: C, 70-5; H, 4-1; CHg, 7-9. 
C.3H,.0, requires C, 71-1; H, 4:1; CH, 7-7%). This compound, 
which is evidently 1-benzoylanthrapurpurin 2:7-dimethyl ether, 
by hydrolysis with methyl-alcoholic potash, yielded orange-yellow 
needles of anthrapurpurin 2: 7-dimethyl ether, m. p. 242—243°, 
a substance which has been previously prepared by Graebe and 
Bernhard (Annalen, 1906, 349, 222) (Found: C, 67-45; H, 4-4%). 
The barium salt of the 1:7-dimethyl ether is soluble in water, 
whereas that of the 2 : 7-dimethyl ether is insoluble. Acetylation 
gave l-acetylanthrapurpurin 2:7-dimethyl ether as pale yellow 
needles, m. p. 228—230°. 

Purpurin.—Commercial purpurin was extracted with boiling 
(purified) solvent naphtha. The crystals which separated from 
the extract on cooling were employed without further purification. 

2-Acetylpurpurin. To a well-stirred mixture of potassium 
acetate (1 g.) and cold acetic anhydride (10 c.c.) purpurin (2 g.) was 
added. After being kept over-night, the product was collected 
and recrystallised from alcohol, forming orange needles, m. p. 179— 
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180°. Alternatively, purpurin (10 g.) in pyridine (100 c.c.) was 
treated gradually with acetic anhydride (4 ¢.c.) and after 1 hour 
water was slowly added. The deposit was recrystallised from 
alcohol (Found: ©, 64:2; H, 3:5. C gH, 0, requires C, 64-4; H, 
3:35%). Hydrolysis gave 85-5%, of purpurin (Calc., 85-9%). 

Methylation. 2-Acetylpurpurin (2 g.) in tetrachloroethane (30 c.c.) 
(ether and acetone also were employed as solvents) was treated with 
diazomethane from nitrosomethylurethane (10 c.c.). After 2 days, 
the solution was steam-distilled, the viscid product dried as com- 
pletely as possible and extracted with ether (insoluble residue A), 
the extract evaporated, and the residue crystallised from alcohol 
(vield, 0-15 g.) (Found: C, 66-35; H, 4:5; CHg, 9-0. C,gH,,0, 
requires C, 66-1; H, 4-3; CHg, 9:2%). 

1-Acetylpurpurin 2 : 4-dimethyl ether forms lemon-yellow needles, 
m. p. 189—190°, and when hydrolysed with hydrochloric acid in 
the usual manner, gives fine, orange needles of purpurin 2: 4- 
dimethyl ether, m. p. 186—189° (Found : C, 67-55; H, 4-0. C,,H,,.0; 
requires ©, 67-6; H, 4-2°%). 

The residue (A) undissolved by the ether was extracted with 
boiling acetone, and the crystals deposited from the extract were 
recrystallised from acetone. 1-Acetylpurpurin 2-methyl ether was 
thus obtained as yellow needles, m. p. 224—225° (Found : C, 65-5; 
H, 3:8. C©,,H,.0, requires C, 65-4; H, 3-8%). Acetylation 
employing pyridine gave yellow needles of 1 : 4-diacetylpurpurin 
2-methyl ether, m. p. 170—172°, and by hydrolysis with hydro- 
chloric acid, fine, brick-red needles of purpurin 2-monomethy] ether, 
m. p. 232—233°, soluble in alkalis with a crimson coloration, were 
obtained (Found : C, 66-6; H, 3-6; CHg, 5-5. Cale. for C,;H,,0; : 
C, 66-7; H, 3:7; CHgs, 55%). It is identical with the methyl 
ether, described as melting at 228—230°, obtained by Perkin (Joc. 
cit.) from monopotassium purpurin and methyl iodide. 

Purpuroxanthin.—For the preparation of this compound, purified 
purpurin (loc. cit.) was reduced with sodium hydrosulphite. Before 
crystallisation the elimination of sulphur with carbon disulphide 
was necessary. 

3-Acetylpurpuroxanthin was prepared from potassium acetate 
(2-5 g.), acetic anhydride (15 c.c.), and purpuroxanthin (5 g.) in the 
cold (see purpurin). The product crystallised from alcohol (char- 
coal) as long, yellow needles, m. p. 144° (Found : C, 68-0; H, 3-6. 
C,,H,)0, requires C, 68-1; H, 3-5%). 

Methylation. 3-Acetylpurpuroxanthin (2 g.), tetrachloroethane 
(40 c.c.), and nitrosomethylurethane (8 c.c.) were employed. After 
3 days, the product was distilled with steam and the well-dried 
tarry residue dissolved in boiling alcohol (60 c.c.) (charcoal). An 
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amorphous precipitate separated (Filtrate A) which by crystallis- 
ation from the same solvent formed lemon-yellow leaflets (0-78 g.) 
of 3-acetylpurpuroxanthin 1-methyl ether, m. p. 154—155° (Found : 
C, 68-8; H, 4-2; CH,, 5-3. C,,H,,.0, requires C, 68-9; H, 4-0; 
CH;, 50%). Hydrolysis with hydrochloric acid gave purpur- 
oxanthin 1-methyl ether, which separated from acetone as yellow 
leaflets, m. p. 311—313° (Found: C, 71-1; H, 4:1. C,;H,,0, 
requires C, 70-8; H, 3-:9%). The high melting point of this com- 
pound, compared with that of the 3-methyl ether, which melts at 
193° (Graebe and Bernhard, Joc. cit.), suggested that this compound 
was in reality a methylpurpuroxanthin methyl ether, formed by the 
entry of a methyl group into the ring during methylation. This, 
however, was not the case, as demethylation with fuming hydro- 
chloric acid at 180° yielded purpuroxanthin, identified as diacetyl- 
purpuroxanthin, m. p. 178—181°. The presence of a second 
acetylpurpuroxanthin methyl ether in filtrate (A) could not be 
detected. 

Alizarin.—2-Benzoylalizarin. (a) 2-Acetylalizarin (3 g.) in 
chloroform (15 c.c.) and benzoy! chloride (3 g.) was slowly treated 
with pyridine (3 c.c.). Crystals of 2-benzoyl-l-acetylalizarin grad- 
ually separated, and the amount was increased by the addition 
of alcohol to the mixture (yield, 3 g.). Recrystallisation from 
acetone gave yellow needles, m. p. 172—174° (Found: C, 71-4; 
H, 3-6. C,,H,,0, requires C, 71-5; H, 3-6%). Hydrolysis was 
effected by employing hydrochloric acid (5 c.c.) in acetic acid 
(30 c.c.) at 100° for 3 hours, the 2-benzoylalizarin thus obtained 
separating from its solution in pyridine as long, orange-yellow 
needles, m. p. 220—221° (Found: C, 73:1; H, 3-6. (C,,H,,0; 
requires C, 73-2; H, 3-5%). 

(6) 2-Potassioalizarin (from 2-acetylalizarin and _ alcoholic 
potassium acetate), suspended in chloroform, was treated with 
benzoyl chloride. After keeping, the orange-yellow crystals were 
collected, washed with dilute ammonia to remove traces of alizarin, 
and recrystallised from pyridine. The product melted at 220— 
221° and was identical with the benzoylalizarin obtained by method 
(a), which is consequently the 2-benzoyl compound. Acetylation 
gave the 2-benzoyl-l-acetylalizarin described above, indicating 
that migration of the benzoyl group does not occur when the latter 
compound is hydrolysed. 

Methylation. 2-Benzoylalizarin (2 g.), tetrachloroethane (30 c.c.), 
and nitrosomethylurethane (8 c.c.) were employed, and after 2 days 
the crystalline deposit (0-35 g.) was collected (Filtrate A) and 
recrystallised from much benzene. 1-Benzoylalizarin 2-methyl ether 
thus separated as a pale yellow, crystalline powder, m. p. 266—- 
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268° (Found: OC, 73-7; H, 3-8. Co 9H,,0, requires C, 73-4; H, 
3-95%). Hydrolysis with 1% alcoholic potash gave a red solution 
which on dilution with water and acidification deposited orange-red 
needles of alizarin 2-methyl ether, m. p. 228—230°, from which the 
acetyl derivative, m. p. 204—206°, was prepared. 1-Benzoyl- 
alizarin 2-methyl ether can be readily prepared from alizarin 


2-methyl ether (1 g.), chloroform (60 c.c.), and benzoyl chloride c 
(1 ¢.c.), pyridine (1 c.c.) being gradually added. The pale orange d 
crystals were collected and washed with alcohol (1-25 g.). They e 
had the properties described above. n 

The mother-liquor (A) was steamed-distilled and the residue b 
fractionally crystallised from benzene to remove a trace of 1-benzoyl- A 
alizarin 2-methyl ether. The main and more soluble fraction, be 
consisting of 2-benzoylalizarin 1-methyl ether (0-8 g.), was isolated th 
as yellow prisms, m. p. 203—205° (Found: C, 73-4; H, 4:0. lic 
C,9H,,0; requires C, 73-4; H, 3-95%). Hydrolysis with 1% eq 
methyl-alcoholic potash (as with the previously described com- In 
pound) gave hair-like needles of alizarin 1-methyl ether, m. p. an 
175—177° (Found: C, 70-7; H, 4:1%), the acetyl derivative of ca 
which melted at 211—212°. The main product of the methylation F °° 
of 2-benzoylalizarin is thus 2-benzoylalizarin 1-methy] ether. an 

Diethylcarbonatoalizarin was prepared from alizarin (1 g.), chloro- 21: 
form (6 c.c.), ethyl chloroformate (2 g.), and pyridine (2 c.c.), the F ™4 
mixture being kept for 2 days. The product (1 g.), recrystallised dia 
from alcohol, formed yellow needles, m. p. 150—157° (Found : C, z 
62-5; H, 4:3. OC, 9H,,0. requires C, 62-5; H, 42%). aliz 

2-Ethylearbonatoalizarin. Commercial alizarin (5 g.) in pyridine for 
(50 ¢.c.) was treated with ethyl chloroformate (2-1 g.) and after  dilv 
30 minutes water was slowly added, the mixture being well shaken. whi 
The product (4-6 g.), recrystallised first from alcohol and then from mel 
acetone, consisted of flat, yellow needles, m. p. 138—140° (Found: — 'q 
C, 65-5; H,4-0. C,,H,,0, requires C, 65-4; H, 3-85%). Mi 

Methylation. 2-Ethylcarbonatoalizarin (2 g.) in ether (50 c.c.) in y 
was treated with diazomethane from nitrosomethylurethane (8 c.c.), § tio: 
and the mixture kept for 2 days. The long, yellow needles (1-2 g.) F met! 
were collected (A) and the filtrate was evaporated to dryness. By — 8@vé 
trituration with alcohol the viscid residue gave crystals (0-4 g.) (B). B @cid: 
From (A) by recrystallisation from small amounts of benzene, 64-5 
almost colourless plates or prisms, m. p. 213—215°, were obtained hydr 
(Found: C, 66-7; H, 4:4. C,gH,,0, requires C, 66-3; H, 4:3%). § potas 
This compound, 1-ethylcarbonatoalizarin 2-methyl ether, by hydrolysis deca 
with alcoholic potash gave alizarin 2-methy] ether. with 

The benzene filtrates (A) were evaporated to dryness, the residue For | 
was added to (B), and the mixture fractionally crystallised from empl 
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alcohol. The main and more soluble fraction formed yellow needles, 
m. p. 145—147° (Found: C, 66:1; H, 4-45%), evidently 2-ethyl- 
carbonatoalizarin 1-methyl ether, from which, by hydrolysis in the 
usual manner, hair-like needles of alizarin 1-methyl ether were 
obtained (Found: C, 68-8; H, 4:2%). 

To determine whether the migration of the acyl group (in this 
case the ethylearbonato-group) is influenced by the amount of 
diazomethane used in the methylation process, the foregoing 
experiment (I) was repeated, and a second (II), employing 12 c.c. of 
nitrosomethylurethane, simultaneously carried out, the conditions 
being identical in each case. The crystalline deposit (compare 
A above) from Experiment I gave by fractional crystallisation from 
benzene 0-44 g. of 1l-ethylcarbonatoalizarin 2-methyl ether, and 
the residue obtained by the evaporation of the combined mother- 
liquors yielded on hydrolysis 1-1 g. of crude alizarin 1-methy] ether, 
equivalent to 1-41 g. of 2-ethylcarbonatoalizarin 1-methyl ether. 
In Experiment II, 1-ethylearbonatoalizarin 2-methyl ether (0-45 g.) 
and crude alizarin methyl ether (1-11 g.) equivalent to 2-ethyl- 
carbonatoalizarin 1-methyl ether (1-42 g.) were obtained. As by 
acetylation the crude alizarin 1-methyl ether from (I) gave 0-88 g., 
and that from (II) 0-86 g., of pure acetyl compound, m. p. 211— 
213°, it appears evident that the migration of the acyl group is not 
materially affected by an increase in the concentration of the 
diazomethane present. 

2-Toluene-p-sulphonylalizarin. To a well-cooled mixture of 
alizarin (0-5 g.) and toluene-p-sulphonyl chloride (0-8 g.) in chloro- 
form (3 ¢c.c.) pyridine (0-8 c.c.) was gradually added. After 1 hour, 
dilution with alcohol caused the separation of orange-yellow plates, 
which were recrystallised from alcohol and acetic acid; they then 
melted at 218—219° (Found : C, 64:0; H, 3-6; 8, 8-2. C,,H,,0,8 


. § requires C, 64-0; H, 3-55; S, 8-1%). 
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Methylation. A solution of 2-toluene-p-sulphonylalizarin (2 g.) 
in warm tetrachloroethane, cautiously cooled to avoid the separ- 
ation of crystals, was at once treated with diazomethane (nitroso- 
methylurethane, 8 c.c.) and kept for 2 days. Steam distillation 
gave a crystalline residue which after recrystallisation from acetic 
acid~methyl alcohol melted at 176—177° (yield, 1-5 g.) (Found: C, 
64:5; H, 4:1. C.H,,0,8 requires C, 64:7; H, 3-9%). The 
hydrolysis of this compound with boiling 2° methyl-alcoholic 
potash could only be gradually effected, the claret-red liquid being 
decanted from time to time, and the unattacked residue treated 
with fresh amounts of reagent until all had passed into solution. 
For 0-5 g. of substance 200 c.c. of the alcoholic potash were 
employed. The alkaline solution, diluted with water, acidified, 
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and boiled to expel alcohol, gave needles of alizarin 1-methy] ether, 
m. p. 181—182° (Found: C, 70-8; H, 4:1%). The alcoholic- 
acetic acid mother-liquors when evaporated to dryness gave a 
residue from which, by hydrolysis, only alizarin 1-methyl ether was 
obtained. It is thus evident that in these circumstances a migration 
of the toluene-p-sulphony! group does not occur. 

Anthragallol_—2 : 3-Diethylearbonatoanthragallol. To anthragallol 
(2 g.) in pyridine (20 c.c.), ethyl chloroformate (2-6 c.c.) was gradually 
added and the mixture kept for 30 minutes. On addition of water 
(20 c.c.) and thorough shaking, crystals (1-9 g.) separated, which were 
recrystallised first from benzene (charcoal) and then from acetone. 
The orange-coloured prisms melted at 174—175° (Found: (, 
60:9; H, 4-1. C,)9H,,0, requires C, 60-0; H, 4-0%). 

Methylation. 2:3-Diethylearbonatoanthragallol (4 g.) was 
treated with diazomethane as described under diethylcarbonato- 
anthrapurpurin, and the product steam-distilled. A solution of 
the residue in boiling alcohol containing acetone gave crystals 
which by recrystallisation from acetone were obtained as large, 
yellow prisms, m. p. 125—127°. The yield of this compound, 
possibly 2:3- or 1: 2-diethylcarbonatoanthragallol 1-(or 3)methyl 
ether, was 3-13 g. (Found: C, 60-7; H, 4-1. C,,H,,O, requires C, 
60-9; H, 4:3%). From the acetone mother-liquors a product was 
isolated which after fractional crystallisation from alcohol formed 


pale yellow needles (0-12 g.), m. p. 196—197°, which apparently J 


consisted of 1 : 3-diethylcarbonatoanthragallol 2-methyl ether (Found : 
C, 60-9; H, 46%). These products will be further examined. 

Gallacetophenone.—The commercial product Alizarine Yellow C 
was recrystallised from water (charcoal) until of constant melting 
point. 

Diacetylgallacetophenone. Gallacetophenone (5 g.) in cold acetic 
acid (15 c.c.) and acetic anhydride (7 c.c.) was treated with pyridine 
(2 c.c.), drop by drop, and kept for 18 hours. The solution was 
then poured into water (400 c.c.), and the precipitate collected, 
dried on tile, and crystallised from alcohol. The long, colourless 
needles melted at 107—108° (Found: C, 57:2; H, 4:9; Ac, 34-15. 
C12H,,0, requires C, 57-1; H, 4-8; Ac, 34-1%). 

Methylation. Diacetylgallacetophenone (2 g.), tetrachloroethane 
(10 c.c.), and nitrosomethylurethane (8 c.c.) were employed. After 
3 days, colourless plates (A) (0-96 g.) had separated which after 
recrystallisation from alcohol melted at 150—151° (Found: 0, 
58-7; H, 5:3; CH, 5:7. Cy 3H,4O, requires C, 58-6; H, 5-3; CH,, 
55%). This compound, 2 : 4-diacetylgallacetophenone 3-methyl ether 
treated with boiling aqueous sodium carbonate, gave eventually 4 
clear solution, from which, when neutralised, long needles of 
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gallacetophenone 3-methyl ether, m. p. 134—135°, separated 
(Found: C, 59-7; H, 5-4. Calc. for C,H,,0,: C, 59-3; H, 5-5%). 
As re-acetylation gave the acetyl compound melting at 150—151°, a 
migration of the methyl group does not occur during the subsequent 
hydrolysis of this compound. This substance, as already indicated, 
is identical with that, m. p. 132—133°, obtained from 2-potassio- 
gallacetophenone by Perkin and Allen (Joc. cit.), who gave the melting 
point of the acetyl derivative as 146—148°. 

The tetrachloroethane filtrate from (A) was steam-distilled and 
the residual aqueous liquid, which deposited needles, m. p. 143— 
147°, was treated with boiling aqueous sodium carbonate to hydrolyse 
the acetyl compound present. The neutralised solution was 
evaporated to dryness, the residue extracted with boiling alcohol, 
and the solution clarified with charcoal and treated in the cold with 
alcoholic lead acetate. The lead salt of gallacetophenone 3-methyl 
ether thus precipitated (from which a further quantity of this 
3-methyl ether was isolated) was removed, and the filtrate rendered 
faintly acid with sulphuric acid and evaporated to dryness. A 
concentrated methyl-alcoholic extract of the residue slowly deposited 
prisms of gallacetophenone 2- or 4-methyl ether, which after recrystal- 
lisation melted at 175° (Found: C, 59-1; H, 5-6%). Whereas 
gallacetophenone 2- or 4-methyl ether gives with alcoholic lead 
acetate a lead salt soluble in alcohol but insoluble in water, the lead 

compound of the 3-methyl ether is insoluble in alcohol and soluble in 
water. 

Ditoluene-p-sulphonylgallacetophenone. A well-cooled mixture of 
gallacetophenone (1 g.), chloroform (6 c.c.), and toluene-p-sulphonyl 
chloride (4-6 g.) was slowly treated with pyridine (1-6 c.c.). After 
1 hour, the product, diluted with alcohol (15 c.c.), was treated 
cautiously with water. The colourless plates (2-14 g.), thus obtained, 
recrystallised from methyl alcohol, melted at 152—-153° (Found : C, 
55°3; H, 4:3; 8, 13-5. C,.H5 90,8, requires C, 55-5; H, 4-2; 8, 13-4%). 

Methylation. This compound (2 g.), tetrachloroethane (15 c.c.), 
and nitrosomethylurethane (15 c.c.) were employed, the mixture 
being kept for 2 days. Distillation with steam yielded a pale 
yellow, oily residue, which was dried and dissolved in methyl 
alcohol (10—15 c.c.) (charcoal). On keeping, clusters of colourless 
needles (1-3 g.) of ditoluene-p-sulphonylgallacetophenone 2- or 4- 
methyl ether, m. p. 111—113°, separated (Filtrate A) (Found: C, 
563; H, 4:6; CHs, 3-1. C,H .0,8, requires C, 56-3; H, 4-5; 
CH,, 3:1%). Digestion with boiling 20, methyl-alcoholic potash, 
dilution with water, and neutralisation gave crystals of gallaceto- 
phenone 2- or 4-methyl ether, which, after recrystallisation from 
methyl alcohol, melted at 175° (Found : C, 59-2; H, 5-3%). 
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The methyl-alccholic mother-liquor (A) was boiled with a little 
alcoholic potash for a short time to hydrolyse any ditoluene-p- 
sulphonyl compound present, and the solution acidified. Examin- 
ation of the viscid mass revealed the absence of gallacetophenone 
3-methyl ether and it was thus apparent that only ditoluene-p.- 
sulphonylgallacetophenone 2- or 4-methyl ether is produced 
when ditoluene-p-sulphonylgallacetophenone is methylated with 
diazomethane. 

Position of the Methoxy-group in the Gallacetophenone Methyl Ethers. 
—Gallacetophenone methyl ether (1 g.) melting at 150—151° was 
heated with alcoholic potash for 4 hours at 180° in a sealed tube. 
The solution, diluted with water and freed from alcohol by evapor- 
ation, was saturated with carbon dioxide and repeatedly extracted 
with ether to remove unattacked substance. From the acidified 
liquid, ether removed a viscid product, containing evidently a 
methyl ether of pyrogallolcarboxylic acid, and this was further 
purified by extraction with sodium bicarbonate in order to remove 
the last traces of gallacetophenone methyl ether. The product by 
dry distillation yielded a yellow oil, which gave a violet coloration 
with ferric chloride solution, an indication of the presence of pyro- 
gallol 2-methyl ether. The acetyl compound crystallised from 
ligroin in colourless needles, m. p. 60—63°, and although according 
to Herzig and Pollak (Monatsh., 1904, 25, 808) 1 : 3-diacetyl- 
pyrogallol 2-methyl ether melts at 51—54°, there can be no doubt 
as*to its identity with the compound produced as above stated 
from gallacetophenone 3-methyl ether. A similar experiment with 
the gallacetophenone methyl ether melting at 175° gave as final 
product a colourless oil, the acetyl compound of which melted at 
87—89° (diacetylpyrogallol 1-methyl ether melts at 91—93°; 
Monatsh., 1904, 25, 501). As this crude methyl ether yielded an 
olive coloration with ferric chloride solution, it evidently contained 
pyrogallol 1-methyl ether, and this must have originated from 
either the 2- or the 4-methyl ether of gallacetophenone. 


We are much indebted to the British Alizarine Co., Ltd. for gifts 
of commercial alizarin, purpurin, and anthrapurpurin. 
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XXXV.—Orientation Effects in the Diphenyl Series. 
Part V. The Independence of the Two Nuclet in 
Diphenyl Compounds. 


By RayMonp. James Woop Lz Fivre and Eustace EBENEZER 
TURNER. 


The Nitration of Phthalylbenzidine and the Preparation of 
3-Nitrobenzidine. 

On a previous occasion (J., 1926, 2041) we stated that 2-nitro- 
benzidine, m. p. 143°, is obtained on hydrolysing the product of 
nitrating phthalylbenzidine in excess of concentrated sulphuric 
acid. Koller, on the other hand, isolated as the sole product a red, 
crystalline solid, m. p. 192°, which he regarded as 3-nitrobenzidine 
(Ber., 1904, 37, 2880). In view of Koller’s very definite statements, 
we have re-investigated the above nitration and also prepared 
3-nitrobenzidine by a process which established its constitution. 
Precise repetition of Koller’s nitration has led to excellent yields of 
2-nitrobenzidine, together with a small quantity of a mixture of 
substances melting at 185—195° which is not separable into its 
components, and corresponds in these and other respects to a 
mixture of 2-nitro- and 2 : 3’-dinitro-benzidine. 

The preparation of 3-nitrobenzidine has presented many diffi- 
culties. We first attempted to obtain it by nitrating a number of 
NN'-disubstituted benzidines. The mononitration of diacetyl- 
benzidine has already been shown (loc. cit.) to be impracticable 
owing to the insolubility of this substance in any nitrating mixture 
which does not effect dinitration. We now find that benzidine 
condenses rapidly with most esters at the boiling point of the latter, 
and in this way 4 : 4'-diethyloxamidodiphenyl, (CO,Et-CO-NH:C,H,")o, 
and similar compounds have been prepared. This compound and 
NN'-dicarbethoxybenzidine, (CO,Et-NH’C,H,°),, are considerably 
more soluble than diacetylbenzidine, yet neither compound could 
be caused to undergo mononitration only. Dinitration is readily 
effected, and that of the oxamido-derivative affords what is up to 
the present the most convenient method of preparing Strakosch’s 
dinitrobenzidine. 

A second synthesis of 3-nitrobenzidine was attempted by the 
process (I) —> (II) ——> (IT): 


Jee _ < NHNHC > ont 
(1) NO, qu.) NO, 
NH, 2 NH, 

(1u1.) NO, 
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Bamberger and Hiibner (Ber., 1903, 36, 3803) found that 2-nitroazo- 
benzene was converted by alkali sulphides into 2-phenylbenz- 
triazole 1-oxide, but Green and Bearder (J., 1911, 99, 1960) effected 
the reduction of 2: 2’-dinitroazobenzene to the corresponding 
hydrazo-compound. On submitting 2-nitroazobenzene to Green 
and Bearder’s reduction conditions, however, we obtained the 
triazole oxide as the sole product. 

The preparation of 3-nitrobenzidine was finally accomplished by 
reducing 3: 4’-dinitro-4-aminodiphenyl (IV) with hot aqueous- 
alcoholic ammonium sulphide, this method being suggested by the 
known stability of o-nitroaniline towards this reagent. 3-Nitro- 
benzidine is almost insoluble in alcohol, from which solvent Koller 


NOK >< NH, XNH,C A >< B YN:C,05:0,H, 
(Vv.) 


(Iv.) NO, 


claimed to have crystallised it. It melts at least 15° higher than 
Koller’s product. Its diacetyl derivative, clearly the first stage 
in the formation of Strakosch’s dinitrobenzidine from diacetyl- 
benzidine, affords 3 : 3’-dinitrodiacetylbenzidine on _ nitration. 
Moreover, 3-nitrobenzidine depresses the m. p. of the product, 
m. p. 185—195°, obtained by us from phthalylbenzidine, so that it is 
probable that little if any 3-nitrobenzidine is formed in the latter 
process. The absence of appreciable amounts of the 3-nitro-com- 
pound suggests that nitration occurs in nucleus B (V) rather than 
in (A). 

Mononitration of 4-chloro-4'-phthalimidodiphenyl (V1) could not be 
effected, and dinitration, followed by hydrolysis, gave a mixture of 
(VII) and (VIII). It is probable that 4-chloro-2'-nitro-4’-phthal- 
imidodiphenyl and 4-chloro-2-nitro-4’-phthalimidodiphenyl are 


(VI.) CeHEC,0,NC >< CI _ 
(VIL.) A 9 i 4- or ae (VIIL.) 


respectively the precursors of (VIL) and (VIII) (compare the nitr- 
ation of 4: 4’-dihalogenodiphenyls; Dennett and Turner, J., 1926, 
476). 4-Bromo-4'-phthalimidodiphenyl also has been found to 
undergo 2 : 3’- and 2’ : 3-nitration. 


The Independence of the Two Nuclei. 


Superficial consideration of the known orienting effects in the 
diphenyl series suggests that a group present in one nucleus (say B 
in IX) has a direct influence on the position or positions taken up by 
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a second group entering the other nucleus (A). We do not, however, 
think this is the case, and prefer to regard the first substituent as 
producing its effect indirectly, that is, merely by modifying the 
orienting properties of nucleus B. The modified B nucleus remains 
ortho-para directing whatever the nature of the first substituent, 
and a group then entering nucleus A invariably takes up the 4’- 
(to a lesser extent the 2’-) position. When the 4’-position is occupied 
by an ortho-para directing group, the modified B nucleus fre- 
quently appears to exert quite a smal] ortho-para influence. 

Were a direct orienting effect transmitted from a group present 
in nucleus B to substitutable positions in A, 2- and 4-nitrodiphenyl 
would be expected to undergo at any rate a certain amount of 
3'-nitration, since the source of electron drift will be the 4’-carbon 
atom (IX). Since 3’-nitration does not occur, it is clear that in 
this sense A and B are independent. Similarly, from the work of 
Burton and Kenner (J., 1922, 124, 489) and from some experiments 
we have made, it seems probable that nitro-groups present in one 
nucleus cannot effect the activation of halogen atoms or nitro- 
groups present in the other nucleus.* Both sets of facts agree with 
the conception of A and Bas two independent mobile cyclohexatrienoid 
systems connected in the 1: 1’-positions by an invariable single 
bond, which is not a link in a true conjugated system. 

The nitration of 2- or 4-nitrodiphenyl may be compared with 
that of w-nitrostyrene. Here there is no mobile conjugation 
(electronic tautomerism) between the side chain and the nucleus, 
and therefore the effect of the nitro-group cannot be transmitted 
to the nucleus to any extent. Again, therefore, meta-nitration 
does not occur. 

The assumption of mobility of conjugation throughout. the 
naphthalene molecule appears to explain the nitration of «-nitro- 
naphthalene in positions 5, 8, and 3 (compare Pictet, Compt. rend., 
1893, 116, 815) (formule X and XI). There are doubtless factors 


NO, NO, 
Voip Su a m4 > 
were BN OS 
Y i 
NO, W/\ZI YW 
(IX.) (X.) (XI) 
other than a simple electron drift regulating substitution in naphthal- 


ene compounds, but we think it worth while to point out the 


* After this paper had been written, the authors noticed that Robinson 
and Zaki (J., 1927, 2485) had arrived at very similar conclusions from a 
different point of view. 
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contrast between naphthalene and diphenyl. It is likely that a 
halogen atom or a nitro-group present in position 5 or 7 in 
naphthalene would be rendered reactive if nitro-groups were present 
in positions | and 3. 

The discussion of the independence of the two benzene nuclei in 
diphenyl derivatives leads us to a recent paper by Bell and Kenyon 
(J., 1926, 3044). These authors criticise adversely a formula 
(XII) suggested by one of us (Nature, 1923, 112, 439) at a time when, 
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as we now know, the very facts of diphenyl chemistry were untrust- i 
worthy. It is clear that recent work in the diphenyl series does not c 
necessitate formula (XII), except in such a modernised form as 
(XIII), which, however, is by no means unsatisfactory as a basis d 
——— — Pp 
(XII) <-> mr, CSSD (XIII.) . 
for explaining the laws of substitution in the diphenyl series. We 
must, however, differ with Bell and Kenyon in the interpretation 
of their experimental results. They found that 4-hydroxydiphenyl 
coupled with benzenediazonium chloride in position 3, and reacted 
with chloroform in the presence of alkali to give what they regarded, 
we think rightly, as the 3-aldehyde. They stated that formula 
(XII) “ demands ” 4’-reaction in both cases. Yet few will dissent yin 
from the view that the orienting effect of the charged oxygen atom (x 
decreases with distance, and it is curious that Bell and Kenyon — “”' 
should have overlooked the fact that on the basis of formula (XTI) Et 
the 4’-position is not less than three times as distant as the 3- and 
5-positions, which (compare the 3- and 5-positions in p-cresol) are \ 
in any case competing for the reagent. Nor is it certain that the two §— reg: 
reactions chosen do not depend on the possibility of keto-enol — unk 
tautomerism, which would be clearly impossible between the 4- — ben 
and 4'-positions in 4-hydroxydiphenyl, but probable between the § latt 
3- and 4-positions. proc 
Had these authors used a 3: 5-disubstituted hydroxydiphenyl, — of b 
their results might have borne their interpretation. We find that J the 
3 : 5-dibromo-4-hydroxydiphenyl, a substance prepared by Bell and F Conc 
Kenyon (loc. cit.), does not couple at any measurable rate with — phy: 
diazotised sulphanilic acid, a reagent used because of its known In 
advantages as compared with diazotised aniline. will 
We have not investigated the Reimer-Tiemann reaction with the F benz, 
dibromo-compound, because so little is known of the mechanism of § differ 
this reaction, which is neither unidirectional nor quantitative. Our — evide 
experiment, however, settles the point raised, 1.e., it shows that the § the f, 
charged oxygen atom present (in alkaline solution) in 4-hydroxy- — wher 
diphenyl does not confer reactivity on the 4’-position. (Kym 
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The Condensation of Benzidine with Carbamide. 

Schiff and Vanni (Annalen, 1890, 258, 363), by heating “ benzid- 
inediurethane ” with benzidine, obtained a substance which they 
regarded as (XIV) identical with a compound previously obtained 
by Schiff (Ber., 1878, 11, 830) by heating benzidine with carbamide. 
In neither of these papers, however, were any analyses quoted. 
Michler and Zimmermann, apparently unaware of the results of 
Schiff (1878, loc. cit.), prepared “ carbonylbenzidine” by the 
interaction of carbonyl chloride and benzidine, and considered this 
compound also to have formula (XIV) (Ber., 1881, 14, 2178). 

Snape (Chem. News, 1896, 73, 37), by treating diphenyl-4 : 4’- 
dicarbimide, NCO-C,H,°C,H,-NCO, with ammonia, obtained a com- 
pound which was in turn stated, on very slight evidence, to be 
identical with Schiff’s compound. From its mode of formation, it 
is almost certainly (XV). 


NH,-CO-NH —<_NH-CO-NH, 
) 


(XV. 


The present authors have shown (J., 1926, 2476) that the “ carb- 
onylbenzidine” of Michler and Zimmermann is certainly not 


(XIV) but is either (NH,°C,H,°C,H,*NH),CO or a substance of more 
complex structure, e.g., as produced by the reaction : 
EtO,C-NH-C,H,°C,H,"NH-CO,Et + 2NH,°C,H,C,H,NH, = 
2EtOH + (NH,°C,H,°C,H,NH-CO-NH-C,H,:),. 
We have prepared Schiff’s benzidine-carbamide compound and 
regard it as identical with Snape’s compound and not with the 
unknown carbonylbenzidine (XIV) nor with the “ carbony]l- 


2? 


benzidine ” of Michler and Zimmermann, for on subliming, the 
latter compound does not decompose, whereas the condensation 
product of benzidine and carbamide does. Moreover, one molecule 
of benzidine always reacts with two molecules of carbamide when 
the two substances are heated together in various proportions. 
Conclusive evidence cannot be obtained owing to the chemical and 
physical properties of the substances concerned. 

In view of the present position of the Kaufler formula, analogies 
will no longer be expected between pairs of substancés such as 
benzidine and o-phenylenediamine. These two bases behave quite 
differently towards carbamide. The former, according to the 
evidence given above, reacts with carbamide as does aniline, with 
the formation of the analogue of phenylcarbamide, NH,-CO-NHPh, 
whereas the latter is converted into 2-hydroxybenziminazole (XVI) 
(Kym, J. pr. Chem., 1907, 75, 323), the analogue of the hypothetical 
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carbonylbenzidine (XIV). Moreover, as Hartmann showed (Ber., 
1890, 23, 1047), o-phenylenediamine hydrochloride is converted by 
carbonyl chloride into the above benziminazole, but by potassium 
cyanate into an entirely different substance, “o-phenylene di- 
ureide ”’ (XVII) (Lellmann, Ber., 1883, 16, 598). A close analogy 
has been repeatedly observed between 1 : 2-disubstituted benzene 
derivatives and 2: 2’-disubstituted diphenyl compounds. In the 
present case, the analogy holds, for 2: 2’-diaminodiphenyl is 
converted by carbamide into a true carbonyldiaminodipheny] 
(XVIII) (Niementowski, Ber., 1901, 34, 3325). 

The condensation product of benzidine and carbamide, i.c., 
NN’-dicarbamylbenzidine, dissolves in concentrated sulphuric acid 
to give a solution which is coloured an intense reddish-purple by 
traces of nitrates. One gram of potassium nitrate could thus be 
detected in 500,000 c.c. of concentrated sulphuric acid. At greater 
dilutions, the test failed; diphenylamine, however, still gave a 
coloration after the addition of water. The new reagent is un- 
affected by nitrites when present at about the same concentrations 


as the nitrates. 


—N NH-CO-NH, Bg Ol 
\ Jeo NH-CO-NH, 

NH \CO” 
(XVI) (XVIL) (XVIII) 


EXPERIMENTAL. 

Nitration of Phthalylbenzidine—Phthalylbenzidine (50 g.) pre- 
viously crystallised from nitrobenzene (compare Kuhn, Jacob, and 
Furter, Annalen, 1927, 455, 254) was nitrated in sulphuric acid at 
— 10° according to the directions of Koller (loc. cit.). After } hour, 
the solution was poured on ice, and the brown, gelatinous pre- 
cipitate obtained was filtered off and washed by suspension in hot 
water, steaming, and filtration while hot. The cooled yellow 
filtrate, on being basified with ammonia, gave a bright red substance 
(A) (1-2 g.), m. p. 156—160°. 

A solution of the residual paste in 250—300 c.c. of concentrated 
sulphuric acid was heated at 130° for 30 minutes, cooled, and 
diluted with much water, 7 g. of a dark reddish powder (B) being 
obtained. The filtrate, when partly basified, gave a light yellow 


powder (C) (20 g.), m. p. above 225°. The filtrate from this, on j 


complete basification, gave a red, gummy solid which, after being 
steamed, changed to a red, crystalline suspension (D) (11 g.), 
m. p. 140—141°. The m. p. of this product was not lowered by 
admixture with 2-nitrobenzidine. 


and 

with 
NI) 
phth 
abov 


being 
were 
from 
N, 7° 
NN 
being 
anoth 
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Fraction A was extracted with alcohol, leaving a sparingly soluble 
yellow powder. The extract deposited an indefinite red powder, 
m. p. about 175°. Further crystallisation did not affect the m. p. 
of this product, which was, however, clearly a mixture. The 
mother-liquors from these crystallisations were precipitated with 
water, giving a bright red powder (0-5 g.), m. p. 191—195° with 
previous shrinking. A mixture of this product with 3-nitro- 
benzidine melted indefinitely at 185—190°. 

B and C contained unhydrolysed phthalyl compounds. Hydr- 
olysis was effected with alcoholic-aqueous potassium hydroxide 
at a temperature not exceeding 40°, and the solution was somewhat 
diluted and filtered (Filtrate E). The residue (dark red, 11 g.) was 
freed from inorganic matter (5-7 g.) by extraction with boiling 
alcohol. Evaporation of the extract gave 4 g. of red crystals, 
m. p. 128—130°. These were combined with 5 g. of similarly 
melting material obtained by the complete dilution of E and the 
whole was crystallised from hot 70% sulphuric acid. A cream- 
coloured paste of the 4 : 4’-disulphate was obtained, and this changed 
into the yellow 4-sulphate on addition of water. Complete neutralis- 
ation of the yellow sulphate gave 5-5 g. of a deep red solid, m. p. 134— 
137°. Mixed with 2-nitrobenzidine, this melted at 136—137°. 
Extraction with much alcohol left a residue (0-7 g.), m. p. 190— 
200°, which, after being crystallised from phenol-alcohol, had 
m. p. 210—215°. 

The total yield of 2-nitrobenzidine is estimated as 20 g. (theoretical 
yield, for mononitration, 27 g.; but some dinitration clearly 
occurred). 

Condensation of Esters with Benzidine.—The following substances 
of high m. p. were obtained by gently boiling a solution of benzidine 
in excess of the appropriate ester under reflux for the times stated, 
and were isolated by addition of alcohol, filtration, and extraction 
with boiling alcohol. 

NN’-Di-o-carbethoxybenzoylbenzidine.—After ? hour, the ethyl 
phthalate solution deposited small, yellow plates. These melted 
above 300° and were insoluble in all common solvents (Found : 
N, 5-6. C,,H,,0,N, requires N, 5-3%). 

4: 4’-Diethyloxamidodiphenyl.—After } hour (ethyl oxalate 
being used), a sudden deposition of pearly plates occurred. These 
were very slightly soluble in hot glacial acetic acid and crystallised 
§ from this solvent in plates (Found: N, 7-5. C,gH ,0,N, requires 
N, 73%). 

NN’-Dicinnamoylbenzidine —After 30 minutes (ethyl cinnamate 
being used), yellow crystals appeared, but heating was continued for 
another hour. The final produtt was a yellow, crystalline powder, 
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insoluble in ordinary solvents (Found ; N, 6-7. Cj9H,,0,N, requires 
N, 6-3%). 

NN’-Dicarbethoxybenzidine-—The following method was found 
preferable to that given by Schiff and Vanni (Joc. cit.). Well. 
powdered benzidine (30 g.) was treated slowly with 30 g. (almost 
2 mols.) of ethyl chloroformate, the flask being warmed gently 
during the process, and kept wellshaken.' The pasty mass gradually 
became a loose powder. About 20 c.c. of aleohol were added, fol- 
lowed later by warm dilute hydrochloric acid. The liquid was 
filtered, and the extraction with acid repeated until the filtrate no 
longer set to a stiff gel on cooling. The residue was crystallised 
from 270 c.c. of boiling glacial acetic acid. Dilution of the acetic 
acid mother-liquor also gave stiff gels. 

3 : 3’-Dinitrobenzidine.—4 : 4'-Diethyloxamidodipheny] (5 g.) was 
slowly dissolved in a mixture of 35 c.c. of nitric acid (d 1-5) and 25 c.e. 
of glacial acetic acid, the temperature being kept below 25°. After 
5 minutes, the reddish solution was gradually diluted; needles 
separated, and these crystallised from 200 c.c. of glacial acetic acid 
in yellow needles, m. p. 216—217° (Found: N, 11-7. C.59H,,0,9N, 
requires N, 11-8%). Hydrolysis with 60—70% sulphuric acid 
gave a crude base, m. p. 273—274°. 

Attempts to effect mononitration of the oxamido-derivative 
led either to unchanged material or to impure dinitro-com- 


pound. 
Dinitration of NN’-Dicarbethoxybenzidine—This compound (2 g.), J £0! 


Bare oet ewe Se | 


dissolved in 50 ¢.c. of glacial acetic acid, was treated with 1-5 g. of § W: 
nitric acid (d 1-5) dissolved in 5 c.c. of glacial acetic acid. After 4 
1 hour’s heating at 90—100°, separation of yellow crystals (2 g.) J: 
was complete. ‘The 3 : 3'-dinitro-compound so obtained crystallised the 
from rectified spirit in plates, m. p. 216—217° (Found: N, 13-6. § Slt 
C,,H5)0,N, requires N, 13-3%). frox 

2-Nitro-NN’-dicarbethoxybenzidine.—The reaction between 2-nitro- T 
benzidine (5 g.) and ethyl chloroformate (10 g.) began spon-f ! = 
taneously and was completed by heating for 10 minutes at f) ‘Olid 
90—100° in presence of 20 c.c. of rectified spirit. The product § 4S 
(6 g.) after treatment with water crystallised from rectified spirit in tedu 
orange, irregular, spear-shaped plates, m. p. 187—188° (Found: ont 
N, 10-9. ©,,H,,O,N, requires N, 11-0%). ~00 ¢ 

2 : 2’-Dinitro-NN’-dicarbethoxybenzidine—This compound was }*"d ; 


readily formed, but less readily than the preceding one (heating for 
1 hour). It formed a microcrystalline, yellow powder, m. p. 200— 9 *'SPe: 
201° (Found : N, 13-7. Cale. : N, 13-3%). Preciy 

2: 3’- and 3 : 3’-Dinitro-NN’-dicarbethoxybenzidines.—The appro | 
priate dinitrobenzidines did not react with ethyl chloroformate 
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under the above conditions. In each case, therefore, 1-5 g. of 
dinitro-base were heated with 2 c.c. of the ester, heating being 
continued for 2 hours at 120°, and for 6 hours at 140°, in the case of 
the 2 : 3’- and the 3 : 3’-compound, respectively. 

2 : 3'-Dinitro-NN’-dicarbethoxybenzidine formed bunches of needles, 
m. p. 158°, from hot dilute acetic acid (Found : N, 13-5%). 

3 : 3'-Dinitro-NN’-dicarbethoxybenzidine formed yellow crystals 
from acetic acid; m. p. 216—217° (not depressed by the addition 
of the product of dinitrating the parent urethane). 

4-Chloro-4'-nitrodiphenyl_—4-Nitrodiphenyl containing a little 
stannic iodide was chlorinated at a temperature just above its 
m. p. After the calculated increase in weight had occurred, the 
product became a pasty mass on cooling. It was stirred with 
alcohol, and the almost colourless solid was then crystallised from 
glacial acetic acid. It formed pale yellow needles, m. p. 157— 
158°, and was identified as follows. Nitration at the ordinary 
temperature with nitric acid (d 1-5) gave a product which, after 
being crystallised from glacial acetic acid, melted at 153—154°. 
This reacted with piperidine to give 2 : 3’ : 4-trinitro-4’-piperidino- 
diphenyl (Le Févre and Turner, J., 1926, 2041). 

3-Nitrobenzidine.—4-Acetamidodiphenyl (111 g.) was obtained 
by acetylating the crude product from the reduction of 160 g. of 
4-nitrodiphenyl, iron powder, water, and ferric chloride being used. 
The acetamido-compound was found to nitrate better by the 
following method than by that mentioned by Scarborough and 
Waters (J., 1927, 1133). 

The acetamido-compound (21 g.) was slowly added to a mixture 
of 200 c.c. of nitric acid (d 1-5) and 100 c.c. of glacial acetic acid, 
the temperature being kept below 20°. After 5 minutes, the 
solution was poured into water, and the precipitate was crystallised 
from much acetic acid. 

The dinitro-compound so obtained was hydrolysed by dissolving 
it in concentrated sulphuric acid, adding water until separation of 
solid occurred, and then heating at 125° for } hour. The solution 
was then diluted and filtered, and the whole of the crude base 
reduced as follows : 

A suspension of base (25 g.) in 250 c.c. of rectified spirit and 
250 c.c. of concentrated aqueous ammonia was boiled under reflux, 
and a current of hydrogen sulphide passed through it. Aqueous 
ammonia was added from time to time. After 1 to 1-5 hours, all the 
suspended solid dissolved, and was replaced by a red, crystalline 
precipitate. This was filtered off and crystallised from alcohol 
(yield, 13 g.). Its m. p., 208—210°, was not affected by further 
crystallisation (Found: N, 19-5. C,.H,,0,N, requires N, 18-3%). 

K* 
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3-Nitrobenzidine forms very characteristic, chocolate-brown leaflets 
with a coppery reflex, and is almost insoluble in alcohol. 

The diacetyl derivative was prepared by adding 8 c.c. of acetic 
anhydride to a boiling solution of 2 g. of the base in 40 c.c. of glacial 
acetic acid. After } hour, water was added until precipitation began. 
On cooling slowly, yellow needles separated, m. p. 249—250°. The 
diacetyl derivative was added to nitric acid (d 1-5) at 0°, the solution 
added to excess of water, and the product hydrolysed in the usual 
manner. The base obtained was identical with 3 : 3’-dinitrobenzidine. 

4-Chloro- and 4-Bromo-4'-phthalimidodiphenyl—These were 
obtained by heating with phthalic anhydride (160—170°; 2 hours) 
the crude products resulting from the iron—water-—ferric chloride 
reduction of 4-chloro- and 4-bromo-4’-nitrodiphenyl, respectively. 
The chloro- and the bromo-derivative both form pale yellow needles 
from cyclohexanol and melt at 245° and 260°, respectively. 

Nitration of 4-Chloro-4'-phthalimidodiphenyl—To a suspension 
of 18 g. of the chloro-compound in 100 c.c. of nitric acid (d 1-4) 
were added 150 c.c. of nitric acid (d 1-5), the temperature being 
maintained below 15°. The solution was poured into water, and 
the precipitate collected and dried. It was dissolved in a mixture 
of 150 c.c. of concentrated sulphuric acid and 10 c.c. of water, and 
the solution was heated at 130—140° for 10 minutes and then 
gradually diluted. The resulting crude base (18 g.) was treated 
with 400 c.c. of boiling alcohol. The undissolved portion (7:5 g.) 
had m. p. 190—200°, and after crystallisation from glacial acetic 

acid, m. p. 213°. This product was identical with 4-chloro- 
2 : 3’-dinitro-4’-aminodiphenyl (Le Févre and Turner, loc. cit.). The 
filtrate from the 7:5 g. of residue yielded a product which could 
not be purified by crystallisation, but was converted into 
2: 3’-dinitrobenzidine when it was heated at 160—180° in a 
sealed tube for 7 hours with alcoholic ammonia. Thus, 18 g. of 
chlorophthalimido-compound gave 7 g. of 4-chloro-2 : 3’-dinitro- 
4’-aminodipheny] and 5 g. of 2 : 3’-dinitrobenzidine (after crystallis- 
ation from phenol-alcoho)). 

Nitration of 4-Bromo-4'-phthalimidodiphenyl._—Nitration was 
carried out in the manner described for the chloro-compound. 
From the mixed crude hydrolysis product, only 4 : 4’-dibromo- 
2 : 3'-dinitrodiphenyl was obtained after replacement of the amino- 
groups by bromine atoms (perbromide method). 

Preparation of NN’-Dicarbamylbenzidine—No details for the 
preparation are given in the literature; e.g., Schiff (Joc. cit.) merely 

“heated carbamide with benzidine.” 

When benzidine (1 mol.) was heated at 140—145° in three different 

experiments with 1, 2, and 3 mols. of carbamide, respectively, until 
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ammonia was no longer evolved, and the cooled products were 
exhaustively extracted with boiling alcohol, the three condensations 
gave 41, 85, and 85%, respectively, of the theoretically obtainable 
quantity of dicarbamylbenzidine. 

The preparation of this substance is most conveniently carried out 
by rapidly evaporating an alcoholic solution containing benzidine 
(1 mol.) and carbamide (2 mols.), transferring the finely divided, 
intimate mixture so obtained into a number of boiling tubes, and 
heating these in a bath kept at 140—145°. Evolution of ammonia 
at once occurs, and when it has ceased, the resulting hard grey 
masses are extracted with alcohol as before. The dicarbamy]l- 
benzidine so obtained, after being dried at 120°, forms a light grey 
or almost white powder, insoluble in all common solvents, and not 
melting below 300°. 

The dicarbamy] compound is also readily obtainable by slowly 
treating a solution of 5-1 g. of benzidine hydrochloride in 300 c.c. 
of water with one of 1-7 g. of potassium cyanate in 100 c.c. of water. 
After 4 hours, the precipitate is collected, and purified as described 
above. 

Colour reactions with nitrous and with nitric acid. Two 0-:02% 
solutions in concentrated sulphuric acid were prepared: (A) 
Dicarbamylbenzidine, and (B) potassium nitrate. Measured 
volumes of B were diluted with 10, 20, 30, etc., volumes of con- 
centrated sulphuric acid. One c.c. of A was added to 10 c.c. of 
diluted solutions of B. One c.c. of B diluted by 100, 150, and 
200 c.c. of sulphuric acid, respectively, gave a rich port-wine colour, 
a pale reddish-purple colour, and a very faint pink colour, respect- 
ively. Addition to the most dilute solution of a few drops of stock 
diphenylamine solution (in dilute sulphuric acid) caused the develop- 
ment of a marked blue colour. From these results it is seen that 
dicarbamylbenzidine will detect 1 g. of potassium nitrate with 
certainty in the presence of 500,000 c.c. of sulphuric acid. If 
large volumes are used, the colour is visible at 1-5 times this dilution. 

A solution of sodium nitrite (0-005 g.) in 25 c.c. of concentrated 
sulphuric acid was treated with 1 c.c. of A. No coloration was 
produced. When 0-1 c.c. of B was added, a bluish-purple colour 
at once developed. 


One of us (R. J. W. Le F.) is indebted to the Advisory Committee 
of the Department of Scientific and Industrial Research for a 
maintenance grant, and to the Research Fund Committee of the 
Chemical Society for a grant in aid of this investigation. 


East Lonpon COLLEGE, 
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XX XVI.—The Condensation of Certain B-Ketonic Esters 
with o-Hydroxymonostyryl Ketones. 
By Rowand Hit. 


Ir has been shown (Heilbron and Hill, J., 1927, 918) that, con- 
trary to the findings of Forster and Heilbron (J., 1924, 125, 340), 
the sole reaction products of the condensation of ethyl acetoacetate 
with phenyl 2-hydroxystyryl ketone under various conditions are 
4-phenacy!-2-methyl-1 : 4-benzopyran (I) and 2-phenyl-5-methy]l- 
3 : 4-coumalo-6-benzopyran (II). The failure to isolate 3-acety]-4- 


CPh 


VAN 
HC? *% CH,Bz 
CH (IIL) 


phenacyldihydrocoumarin (III) has led to the investigation now 
described, in which the interaction of certain «-substituted 6-ketonic 
esters with o-hydroxymonostyryl ketones has been examined with 
a view to determine whether dihydrocoumarin ring formation is 
possible under such conditions. 

The interaction of ethyl methylacetoacetate with 2-hydroxy- 
styryl methyl ketone was first studied, as it was considered that 
the introduction of a methyl group into the §-ketonic ester would 
tend to prevent y-pyran ring formation and result in the formation 
of 4-acetonyl-3-methyldihydrocoumarin (IV). This, however, did 
not prove to be the case, for the substance actually isolated from 
the reaction mixture had an empirical formula C,,H,,0,, which 
corresponds to the loss of the carbethoxyl group and one molecule 
of water from the primary additive product (V). A consideration 
of the structure of the latter clearly shows that water can only 
have been eliminated by a prior hydrolysis of the carbethoxyl 
group, followed by loss of carbon dioxide. y-Pyran formation 
then ensues in the normal manner to yield 4-acetonyl-2 : 3-dimethyl- 
1: 4-benzopyran (VI). In a similar manner, phenyl 2-hydroxy- 
styryl ketone yielded 4-phenacyl-2 : 3-dimethyl-1 : 4-benzopyran. 


OH, Ac 
CH 
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The condensation of ethyl phenylacetoacetate with o-hydroxy- 
monostyryl ketones was next investigated, since it was thought 
that the substitution of the phenyl group for the methyl radical 
of the 8-ketonic ester might influence the reaction in favour of 
dihydrocoumarin ring formation. The reaction, however, followed 
the normal course, yielding 4-acetonyl-3-phenyl-2-methyl-1 : 4- 
benzopyran (VII) and 4-phenacyl-3-phenyl-2-methyl-1 : 4-benzopyran 
(VIII). 


The study of these condensations was also extended so as to 
include ethyl oxalacetate, ethyl cyanoacetate, and ethyl malonate, 
but, strangely enough, no evidence has as yet been adduced of the 
addition of these esters to an ethenoid linkage containing an 
o-hydroxyl group. Even under the most drastic conditions the 
ketone has been recovered unchanged. The failure to isolate an 
additive product is surprising when it is considered that ethyl 
cyanoacetate and ethyl malonate are in a general way more reactive 
than ethyl acetoacetate. 

The reaction between ethyl malonate and phenyl 2-hydroxystyryl 
ketone was studied exhaustively. After the reactants had been 
kept in concentrated sodium ethoxide solution at room temperature 
for 10 weeks, coumarin-«-carboxylic acid was isolated. Normal 
addition at the ethenoid linkage had therefore been superseded by 
scission of the ketone in the presence of alkali, with formation of 
acetophenone and salicylaldehyde, and the latter had then condensed 
with ethyl malonate in the normal manner (Stuart, J., 1886, 49, 
366). This is reminiscent of a case observed by Vorlinder (Annalen, 
1896, 294, 334), who found that the condensation of ethyl malonate 
with 4-methoxystyryl isopropyl ketone in presence of alcoholic 
sodium ethoxide resulted in considerable quantities of p-methoxy- 
cinnamic acid being formed. 


EXPERIMENTAL, 
4-Acetonyl-2 : 3-dimethyl-1 : 4-benzopyran (V1).—2-Hydroxystyryl 
methyl ketone (5 g.) dissolved in the minimum quantity of absolute 
alcohol (distilled over calcium), containing ethyl methylacetoacetate 
(7-5 g.), was treated with sodium ethoxide (from 1-7 g. of sodium) 
in alcohol (25 c.c.), and the homogeneous, red solution kept at room 
temperature for 8 days; it became lighter in colour and a small 
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quantity of sodium carbonate was deposited. After removal of 
the latter, the mixture was gradually diluted with water; long, 
colourless needles then separated. Recrystallised three times 
from aqueous alcohol, the pyran was obtained (yield, 3-5 g.) in large, 
colourless plates, m. p. 141°. It is almost insoluble in cold aqueous 
alkali, but dissolves readily on warming. With concentrated sul. 
phuric acid it develops a yellow coloration (Found : C, 77-9; H, 7-7. 
C,,H,,0, requires C, 77-8; H, 7-4%). 

4-Phenacyl-2 : 3-dimethyl-1 : 4-benzopyran was prepared in a 
similar manner from phenyl 2-hydroxystyryl ketone. The filtrate, 
after removal of sodium carbonate, was diluted with water, the 
viscous, brown oil which separated was taken up in ether, and the 
moist ethereal solution vigorously scratched. A dark yellow solid 
was slowly deposited which, when pressed on a porous tile to remove 
adherent oily matter and recrystallised repeatedly from benzene, 
in which it was but moderately soluble, formed minute, colourless 
needles, m. p. 179° (Found: C, 81-8; H, 6-5. C,gH,,0, requires 
C, 82:0; H, 65%). 

4- Acetonyl-3-phenyl-2-methyl-1 : 4-benzopyran (VII).—A hot solu- 
tion containing 2-hydroxystyryl methyl ketone (8-1 g.), absolute 
alcohol (40 c.c.), and ethyl phenylacetoacetate (12 g.) was treated 
with alcoholic sodium ethoxide (2-6 g. of sodium). The mixture, 
which immediately assumed a deep red colour, was kept at room 
temperature for 3 days. After decanting from deposited sodium 
carbonate, the clear solution was slowly diluted with water; 
rosettes of slender needles contaminated with a brown, viscous oil 
then slowly separated. These were recrystallised from glacial 
acetic acid and finally from acetone, from which the pure substance 
was deposited in long, colourless needles, m. p. 186—187°. It 
is sparingly soluble in hot or cold aqueous alkali, but dissolves in 
concentrated sulphuric acid to a pale yellow solution (Found: 
C, 81:7; H, 6-4. C,,H,,0, requires C, 82-0; H, 6-5%). 

4-Phenacyl-3-phenyl-2-methyl-1 : 4-benzopyran (VIII).—A mixture 
of phenyl 2-hydroxystyryl ketone (7 g.), absolute alcohol (50 c.c.), 
and ethyl phenylacetoacetate (7-5 g.) was treated with alcoholic 
sodium ethoxide (1-6 g. of sodium), and the red solution kept at 
room temperature for 6 days. On dilution with water, a dark, 
viscous oil slowly separated, which was dissolved in acetone and 
the solution vigorously scratched. A red, amorphous solid was 
thus deposited, which was repeatedly crystallised from acetone in 
the presence of blood-charcoal. When pure, the compound separ- 
ated in colourless prisms, m. p. 219—221° (with preliminary 
darkening). It is sparingly soluble in the usual organic solvents 
with the exception of chloroform and pyridine, insoluble in hot 
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aqueous alkali, and gives a pale yellow coloration with concentrated 
sulphuric acid (Found : C, 84:9; H,6-0. C,,H..0, requires C, 84:7; 
H, 5-9%). 

Condensation of Ethyl Malonate with Phenyl 2-Hydroxystyryl 
Ketone.—Pheny] 2-hydroxystyry] ketone (10 g.) and ethyl malonate 
(11 g.) were dissolved in the minimum quantity of absolute alcohol 
and treated with alcoholic sodium ethoxide (from 3 g. of sodium). 
The homogeneous, red solution was kept at room temperature for 
10 weeks, an amorphous, red solid slowly separating. This was 
collected and thoroughly washed with dilute hydrochloric acid and 
finally with water. The dried product crystallised from benzene 
(with blood-charcoal) in long, colourless needles, m. p. 190°. The 
melting point of coumarin-«-carboxylic acid ascribed by various 
authors varies between 187° and 191° (Found: C, 62-6; H, 5:3. 
Calc. for Cy)H,O,: C, 62-6; H, 5-3%). 


The author desires to express his thanks to Professor I. M. Heil- 
bron, D.S.O., for his criticism and advice, and also to the United 
Alkali Co., Ltd., for a grant which enabled this research to be carried 
out. 


Tee University, LivERPOOL. [Received, September 16th, 1927.} 


XXXVITI.—The Hydrogen-ion Concentration of Aqueous 
Iodine Solutions. 


By Harry Meprortu Dawson. 


THE use of iodine solutions in the study of the dynamics of auto- 
catalysed reactions of the keto-enol type has directed attention 
to the question of the hydrogen-ion concentration of such solutions. 
Apart from this particular application, the problem is of interest 
in that the pg value of aqueous solutions which contain iodine and 
iodide cannot be determined directly by the usual methods. Their 
nature precludes the use of the hydrogen-electrode and indicator 
methods, and the measurement of electrical conductivity can only 
be applied to iodide-free solutions of iodine. It is possible that 
the glass-electrode method could be employed, but the results 
obtained with this in the case of other solutions appear to be 
somewhat erratic. 

The object of this paper is to show how the px value may be 
derived indirectly from a consideration of the equilibria which 
are involved in the interaction of iodine, potassium iodide, and 
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water. The equilibria in question for freshly prepared solutions * 
are 


re sane 
I, + H,O=H+I1+ HIO 
= _ 
H,O=H+0H . 


I, + to " 
for which the respective constants at 25° are 
Ci Se 
" = [H)[I][H10}/[I,] = 6 x 10-8 
= [HI[OH] —_ 10-14 . 


and K, = [I,J[I]/{Is] =1:38x 10% . . (6) 


The constant K, is based on the determination by Bray W. Amer. 
Chem. Soc., 1910, 32, 932) of the electrical conductivity of a saturated 
solution of iodine in pure water; K,,is the ionic product for water; 
and K, is derived from experiments on the distribution of iodine 
between iodide solutions and a non-aqueous medium immiscible 
with water (compare Jakowkin, Z. physikal. Chem., 1896, 20, 19). 
Although the reaction between the halogens and water is commonly 
referred to as a hydrolytic process, there is an obvious similarity 
between the production of hydrogen ions in this way and by the 
dissociation of an acid. The dissolved halogen behaves indeed 
like a weak acid, and the pg value of iodine—iodide solutions is 
determined by the joint effect of the hydrion-producing processes 
which are represented by equations (1) and (2). The relative 
importance of the two reactions depends on the concentration of the 
free iodine in the solution, and this in turn depends on the concen- 
tration of the iodide. 

In essence, the problem under consideration may be said to 
resemble very closely that which is involved in the determination 
of the hydrogen-ion concentration of a solution which contains two 
weak acids. If the concentrations of the two weak acids HA, 
and HA, are C, and C,, and the corresponding ionisation constants 
are K’ and K .’’. we have in accordance with the mass law 


[A,] = K’C,/[H] and [A] = K"C,/[H] 
and since [H] =[A,]-+ [As] =[K’C, + K"C,]/[H] 


we obtain [H] = VK’C, + K”C,, which gives the hydrogen-ion 
concentration of the solution containing the two acids. 


* On keeping, iodic acid is formed (compare Sammet, Z. physikal. Chem., 
1905, 58, 687), but the effect of this has not been considered in the calculations. 
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AQUEOUS IODINE SOLUTIONS. 


In applying a similar procedure to the determination of the 
hydrogen-ion concentration of iodine—iodide solutions, the total 
concentrations of the iodide and iodine will be denoted by a and 3, 
respectively. If then x represents the molar concentration of the 
free iodine, the concentration of the tri-iodide ion is given by (6 — 2) 
and that of the iodine ion by (a— 6+ 2). The equilibrium constant 
K, may then be written K, = x(a — b + x)/(b — x), from which 
$2 = V (Ke +a— bj?+ 4K,b — (K, + a — 6), and this enables us 
to calculate the sonountoation of the free iodine in the solution. 

Denoting the concentration of the hydrogen ion derived from the 


hydrolysis of iodine by (HI, and that derived from the ionisation 
of water by [H},, we obtain from equations (4) and (5) 

a), = [H1O] = K,{1,]/(1][H] 
and [H}, = [0H] = K,/[H] 


in which (H] = (HJ, + (HI, is the total concentration of the 
hydrogen ion. From the above we derive 
(H],/[H J, = Ky[1,]/Ku[I] = Kyx/Ko(a—b +2) . (7) 


which gives the relative quantities of hydrogen ions resulting from 
the two proton-producing processes. Furthermore, we obtain 


[H}, /(H] = (Kya/(a — 6 + 2)/[Ke + Kyx/(a—b +2) (8) 
(HH) = K,/[Ky + K,«/a—b+2)] . . (8a) 


and [H] = VK, + Ky z/a—b+2)... . (9) 


Table I gives a series of numbers which have been calculated from 
the foregoing equations. It shows the variation in the hydrogen- 
ion concentration of a series of solutions which contain a fixed 
quantity of total iodine (6 = 0-002 mol. per litre) and variable 
quantities of potassium iodide. (The choice of this particular 
iodine concentration was determined by the circumstance that 
information in regard to these solutions was required for other 
purposes.) Col. 1 gives the molar concentration of potassium 
iodide; col. 2 the molar concentration of the free iodine; col. 3 
the proportion of the total hydrogen-ion concentration which is 
due to hydrolysis of the iodine; col. 4 the total hydrogen-ion con- 
centration of the solutions; and col. 5 the corresponding py value. 

K2 


TABLE I. 


gu Values of iodine—iodide solutions containing 


0-002 mol. of iodine per litre. 
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+ + 

a. a xX 103, (HJ, /[H). [H] . 107. pu.* 
0-001 1-48 0-995 13-6 5-86 
0-002 ll 0-985 7:8 6-11 
0-004 0-680 0-94 4-0 6-40 
0-006 0-472 0:86 2-7 6:57 
0-015 0-189 0-46 1:35 6:87 
0-02 0-140 0-315 1-20 6-92 
0-05 0-056 0-065 1-05 6-98 


* According to Bray’s conductivity measurements, the py value of an 
iodide-free saturated aqueous solution of iodine is 5-0. 


From the above table it is apparent that the py value of solutions 
which contain a fixed amount of iodine increases with the con- 
centration of the potassium iodide and approaches asymptotically 
to the limiting value yx = 7-00 when the iodide is present in large 
excess. This relation is directly connected with the circumstance 


that the concentration of the free iodine in the solution tends ‘ 
towards a zero limiting value. . 

Table II shows the variation of pg for a series of solutions for 
which the ratio of iodine to iodide is constant whilst the absolute 
concentration is varied. The results show that the dilution of 
such a solution is associated with a diminution of the py value. h 

TaB_e II. al 
Pu Values of iodine solutions for which [KI]/[I,] = 2-0. di 
+ + + 
a. a. 10°. [H], /[H). [H]. 107. pu-t 
0-0004 0-158 0-965 5-2 6-28 
0-004 0-68 0-94 4-0 6-40 
0-01 0-94 0-90 3°25 6-47 
0-05 1-25 0-74 1-95 6-71 + 
0-20 1-23 0-43 1-32 6-88 = 

+ It may be shown that the py value of this series of solutions approximates 
with increasing dilution to a limiting value of py = 6-25. This value assume 
that (0 is not affected by the hydrolysis of the free iodine. The ultimate 
limiting value is of course py = 7°00. 

It should be recognised that the py values recorded in the above 
tables are based on the number which has been recorded by Bray THE 
for the constant K, for the hydrolytic equilibrium and therefore ‘0 ¢ 
refer only to freshly prepared solutions. sem) 

The method of procedure for the derivation of pg remains the Reec 
same if the iodine-iodide solutions contain small quantities og struc 
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of such a weak acid HA by C and its ionisation constant by Ka, 
we have the following relations : 


4. -_ cm 
[H] = [HIO] + [OH] + [A] 
+ 
[HIO] = K,x/(a — 6 + 2)[H] 
_ + 
[OH] = K,,/[H] 
- + 
[A] = K.C/{H] 
+ Pri eves s os — 
whence (H] = VK,C + K,+ K,x/(a—b+2). . (10) 
If the product K,C is of the same order of magnitude as 
K,x/(a + 6 — x), the py value of the solution will of necessity be 
determined jointly by the ionisation of the acid HA and the 
hydrolysis of the iodine. 
Observations on the initial velocity of certain acid-catalysed 
reactions in iodine—iodide solutions have given results which suggest 


that the actual variations in p, are in general agreement with the 
changes indicated by the data in the tables. 


Summary. 


The hydrogen-ion concentrations of aqueous solutions of iodine 
have been calculated. 

For a fixed concentration of iodine, they fall with increase in the 
amount of iodide present. 

For solutions with a fixed ratio [KT]/{I,], they increase with the 
dilution. 


THE UNIVERSITY, LEEDs. [Received, November 17th, 1927.] 


XXXVIIT.—The Parachor and Chemical Constitution. 
Part VII. Further Examples of Semipolar Double 
Bonds. 


By ApoupH FREmAN and SAMUEL SUGDEN, 


(1) Sulphones. 


Tue work described in this paper was designed, in the first place, 
to determine more accurately the effect upon the parachor of the 
semipolar double bond. It has been shown in Part I (Sugden, 
Reed, and Wilkins, J., 1925, 127, 1525) that the constant for this 
structure is about —1-6 units. Some of the substances there 
studied are, however, difficult to purify, and this value of the 
constant is of the same order of magnitude as the experimental 
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avror. We have therefore studied a number of sulphones and 


0 
related substances of the type RR'SC which contain this struc- 
0) 


ture, since these substances can readily be purified by crystallisation 
and have convenient melting points. The parachors calculated 
from the surface tension and density of the fused substances are 
collected in Table I in the column headed “[P] obs.”’ The next 
column gives the sum of all the atomic and structural constants 
except that for the semipolar double bond; by subtracting this 
sum from [P] obs., one obtains the figures given in the last column, 
which represent the effect of this structure upon the parachor. It 
will be seen that the data for these five carefully purified substances 
lead to a value for the constant sought of —1-6 units, which is 
identical with the figure obtained in the earlier investigation (loc. cit.). 


TABLE I. 


Semipolar 
Substance. [P] obs. =[P]. double bond. 
p-Toluenesulphonyl chloride ...... 367°8 371-6 —19 x 2 
Ethyl p-toluenesulphonate ......... 431-8 432-4 —0-3 x 2 
Benzylmethylsulphone ............ 369-8 373-4 —1-8 x 2 
Diphenylsulphone _...............+0. 465-7 468-3 —1-3 x 2 
Phenylbenzylsulphone ............... 503-5 507-3 —1:9 x 2 
Mean —1-6 


It is therefore concluded that the semipolar double bond has a 
small but real negative effect upon the parachor. This may be 
explained, as suggested in the earlier investigation, by a small 
contraction in volume due to the electrostatic attraction between 
the oppositely charged atoms which are joined by this linkage. 


(2) Chromium Compounds. 


Measurements have also been made of the surface tension and 
density of chromyl chloride, from which the parachor of this 
substance is found to be 199-1. From this observation the parachor 
for chromium can be calculated on the assumption that the oxygen 
atoms are held (a) by non-polar double bonds (1), or (6) by semipolar 
double bonds (II). The first hypothesis leads to an inadmissible 


a 2 Cl O 

(I.) Sort Sarg (II.) 
Ww No a’ No 

x[P] = 195-0. s[P] = 145-4. 

Cr = 4-1. Cr= 653-7. 


value (4:1) for the parachor for chromium (the smallest atomic 
parachor yet found is C = 4-8), whilst the second hypothesis gives 
the more reasonable figure of 53-7, which is compatible with the 
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values found for neighbouring elements in the periodic table, e.g., 
S = 48-2, Se = 58.* 

Further evidence in support of this value can be obtained from 
the measurements of Jaeger (Z. anorg. Chem., 1917, 101, 1) of the 
surface tension and density of fused potassium dichromate, from 
which [P] obs. = 451. This figure can onl¥ be regarded as a rough 
value, since the parachor shows a decided drift with temperature 
(see Experimental). From Jaeger’s data for the alkali halides and 
sulphates, which will be discussed more fully in a later paper, the 
parachor of potassium is found to be 106. By the use of this figure, 
the parachor for chromium in potassium dichromate becomes 4:5 
if the oxygen atoms are held by non-polar double bonds (III), and 
54 if these linkages are of the semipolar type (IV). In these 
calculations the polar bond between potassium and oxygen has 
been assigned a value of — 1-6 units. Indirect evidence for this 
figure has been advanced in Part V of this series (Sugden, J., 1927, 
1173), and direct evidence from measurements on fused salts has 
now been obtained and will be discussed in a later paper. 

For both of these substances the octet theory predicts that the 
double bonds holding the oxygen atoms must be semipolar; hence 
the data discussed above give experimental support to the view that 
in these compounds of chromium the octet is not exceeded. This 
is of particular interest, since chromium belongs to the first long 
period and is a transition element. 


O O 
\af7 
PRK % 


A[P] = —23-2. 


(3) 8-Disulphones. An Anomaly. 

In addition to the simple sulphones referred to in Table I, two 
8-disulphones were also examined, viz., sulphonal and trional, and 
were found to exhibit the large anomaly shown in Table II. These 
anomalies are not due to impurities, for the specimens examined 
had sharp melting points which were unchanged by crystallisation 
from a number of solvents. Nor are they due to errors of observ- 
ation, for check measurements made by another observer in this 


* Deduced from measurements on selenium eompounds to be described in 
a later paper of this series. 
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laboratory, using different instruments, gave substantially the same 
values for the surface tension and density of trional. 


TABLE II. 


Substance. Formula. [P] obs. [P] calc. Anomaly. 
Sulphonal CMe,(§0,Et), 465-5 477-2 —11-7 


Trional CMeEt(SO,Et),  , 493°8 516-2 ~22-4 

The close agreement between the observed and calculated values 
of the parachor for the simple sulphones (Table I) and for a number 
of other sulphur compounds described in Part I (loc. cit.) of this 
series is convincing evidence that the constant assigned to sulphur 
(48-2) is substantially accurate, and that the additive character of 
the parachor persists in sulphur compounds of this type. It is 
evident, therefore, that the 8-disulphones must contain some special 
structure which is not expressed by their formula and is not present 
in the simple sulphones. 

It may be noted at once that this new structure cannot be the 
conversion of the semipolar into non-polar double bonds, for such 
a change would give a large increase in the parachor, whereas the 
anomaly found is negative. Moreover, since the only structure 
which has so far been found to have a large negative parachor is 
the singlet linkage (Sugden, J., 1927, 1173), it seems probable that 
there is some interaction between the two SO, groups by which 
singlet linkagesareformed. We intend to examine other disulphones 
and similar compounds to obtain further evidence; meanwhile, we 
suggest as a tentative explanation that these substances are tauto- 
meric, one individual having the structure represented by the usual 
formula, and the other having the electronic structure (V). The 
larger anomaly exhibited by trional may then be accounted for by 
the well-known effect of bulky substituents in stabilising ring 
structures. For formula (V) the structural constant would be 
obtained as follows : 


2 Four-membered rings, . +23-2 
2 Semipolar double bonds, , — 32 
4 Semipolar single bonds, , — 49-6 
— 29-6 
For the disulphone formula, the structural constant is that for 
4 semipolar double bonds or 4 x —16= — 6-4. Complete 
transformation to the structure represented by (V) would therefore 
give an anomaly of — 23-2; hence, on this view trional is largely 
composed of the cyclic isomeride. 


EXPERIMENTAL. 


In the course of this investigation measurements have been made 
of the surface tension and density of p-toluenesulphonyl chloride, 
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ethyl p-toluenesulphonate, benzylmethylsulphone, diphenyl- 
sulphone, phenylbenzylsulphone, chromy] chloride, sulphonal, and 
trional. Surface tensions were determined by the method of 
maximum bubble pressure (Sugden, J., 1922, 121, 858; 1924, 
125, 27). The constants for the bubblers used were :— 


Apparatus, 4d. 10. 15b. l6a. 
0-139 0-166 0-178 0-179 
0-007767 0-004311 0-00945 0-008272 


Densities were determined by means of the U-shaped pyknometer 
described previously (J., 1924, 125, 1171), except in the case of 
chromyl chloride, for which a sealed bulb was used to avoid exposure 
to the atmosphere. 

The tables below are set out in the same manner as in earlier 
papers of this series and do not need further description. The 
parachor is calculated by the usual formula, d, which is very small 
for all the substances now studied, being neglected. 

p-Toluenesulphonyl chloride, C,H,"SO,Cl, M = 190-5, was recrys- 
tallised from benzene and melted sharply at 68° (corr.). Densities 
determined: Dj? = 1-261, D#* = 1-237, DiS” = 1-201, whence 
Di = 1-333 — 0-000961¢. 

App. t. ¥. D. ¢.* y: Parachor. 

l6a 74 4143 1-262 1-0369 35-54 368-6 

a 103-5 3697 1-233 1-0404 31-82 367-0 
Mean 367-°8 
* A correction factor, see J., 1924, 125, 31. 


Ethyl p-toluenesulphonate, C,H,,0,8, M = 200-1, was recrystal- 
lised from ethyl acetate and melted at 33—34° (corr.). Densities 
determined: Di” = 1-166, D3" = 1-157, D& =1-145, DF = 
1:130, whence D‘. = 1-206 — 0-000862¢. 


App. t. fa D. ¢. y- Parachor. 
10 40 9290 1-172 1:0142 40-62 430-9 
53-5 8961 1-160 1-0145 39-18 431-5 
70 8597 1-146 1-0150 37-62 432-3 
83 8255 1-134 1-0154 36-14 432-6 
Mean 431-8 


Benzylmethylsulphone, C,H,90,8, M = 170-1, was recrystallised 
from benzene and melted at 124-5° (corr.). Densities determined : 
Di” = 1-140, Di?* = 1-128, Dis = 1-112, whence Di. = 1-246 
— 0-000825t. 


App. t. ; y- Parachor. 
15b 142-5 ° 35-92 369-2 
164-5 ‘ 33-93 369-8 
184 ‘ 32-22 370-3 
Mean 369-8 
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Diphenylsulphone, C,.H,,0.8, M = 218-1, was recrystallised from 
benzene and melted at 125° (corr.). Densities determined : 
D?* = 1-157, Dis = 1-142, Di = 1-133, Di" = 1-126, 
whence Df. = 1-267 — 0-000774¢. 

e. D. ¢d. . Parachor. 
3857 1-161 1-0363 . 465-6 
3668 1-145 1-0376 . 466-5 
3400 1-128 1-0400 33: 465-0 
Mean 465-7 


Phenylbenzylsulphone, C,,H,,0,8, M = 232-2, was recrystallised 
from alcohol and melted at 146° (corr.). Densities determined : 
DF =1-126, DY =1-116, DP* = 1-106, DP = 1088; 
whence D'. = 1-249 — 0-000809¢. 

App. t. oe wD. d. y: Parachor. 

15b 153-5 3612 1-125 1-0375 35-40 503-5 

ts 184 3294 1-100 1-0402 32-38 503-6 
Mean 503-5 


Chromyl chloride, CrO,Cl,, M = 155-0, was prepared by the action 
of concentrated sulphuric acid on a mixture of chromic acid and 
concentrated hydrochloric acid, and purified by distillation : b. p. 
115—116° (corr.)/758 mm. Densities determined: D}* = 1-937, 
DF = 1-920, De = 1-910, DPF = 1-893, Di? = 1-873, 

1-855, whence D% = 1-965 — 0-00185t. 


App. t. a D. ¢d. y: Parachor. 
4d 19 4532 1-930 1-0401 36-61 197-5 
- 41 4271 1-889 1-0416 34:55 198-9 
- 64 3966 1-847 1-0438 32-16 199-8 
a 78 3754 1-821 1-0456 30-48 200-0 

Mean 199-1 


Potassium dichromate, K,Cr,0,, M = 294-2. The following data 
are taken from the work of Jaeger (loc. cit.). 


t. y: D. Parachor. 
420 140-1 2-271 445-6 
454 139-4 2-248 449-7 
480 138-4 2-229 452-9 
504 137-0 2-213 454-8 

Mean 450-8 


Sulphonal, C,H,,0,8,, M = 228-2, was repeatedly crystallised 
from absolute alcohol and melted at 125-8° (corr.). Densities 
determined: Di” =1-183, DY =1-176, DP" = 1-166, 
Di°*" 1-145, whence Di. = 1-278 — 0-000725t. 


App. t. r. D. ¢d. y: Parachor. 
15b 132-5 3489 1-182 1-0408 34:3 467-1 
is 154-5 3268 1-166 1-0430 32-20 466-1 
- 169-5 3093 1-155 1-0450 30-54 464-4 
55 177-5 3027 1-149 1-0457 29-91 464-4 
Mean 465-5 
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Trional, C,5H,,0,8,, M == 242-2, was recrystallised from absolute 
alcohol’and melted sharply at 75° (corr.). Densities determined : 
De =1-199,* Ds = 1-193, De =—1-183,* De’ = 1-1%6, 
De’ = 1-163,* Dee =1-150, DS =1-150,* De* =1-141, 
whence D{. = 1-272 — 0-008391. 

t. a ; d. y- Parachor. 
88-5 3329 ° 1-0431 35-41 493-2* 
110 3133 “18 1-0451 33°39 493-4* 
123-5 3268 -168 1-0431 32-20 494-0 
136-5 2902 . 1-0478 31-01 494-0* 
147 3061 -14$ 1-0452 30-23 494-3 
158 2700 “136 1-0505 28-93 493-3* 
164 2899 “li 1-0471 28-65 494-3 
Mean 493-8 
* We are indebted to Mr. F. B. Garner for the observations thus marked. 


Summary. 

(1) The parachor constant for the semipolar double bond is found 
to be —1-6 from measurements on five carefully purified sulphones 
and related compounds. This is in good agreement with the value 
found in an earlier investigation. 

(2) Chromyl chloride is found to contain two semipolar double 
bonds and potassium dichromate four such linkages. The parachor 
for chromium is assigned the value 54 units. 

(3) Two disulphones, sulphonal and trional, give a large negative 
anomaly in their parachors. It is suggested that this is due to the 
production of a cyclic phase by the formation of singlet linkages 
between oxygen atoms of the SO, groups. 


One of us (S. S.) is indebted to the Research Fund Committee of 
the Chemical Society for a grant which has partly defrayed the cost 
of this investigation. 


BIRKBECK COLLEGE (UNIVERSITY OF LONDON), 
FETTER Lanz, E.C. 4. [Received, December 13th, 1927.] 


XXXIX.—The Solution Tension of Silver in Solvents 
other than Water. 


By FREDERICK Kart Victor Kocu. 


Tur Nernst formula for the electrode potential of a metal against a 
solution of its ions, H = RT'/nF. log, P/p, does not explicitly involve 
any property of the solvent, but there is every reason to suppose 
that the tendency of the metal ion to go into solution (P) will vary 
With the solvent, just as the solubility of any chemical substance 
varies in different media (Brunner, Z. Elektrochem., 1905, 11, 415; 
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Carrara, ‘‘ Elektrochemie nichtwasseriger Lésungen,” Ahrens 
Samml., 1908, p. 31). The real origin of the electrolytic solution 
tension must, in fact, be sought in the existence of an attractive 
force between the dipole molecules of the solvent and the ions of 
the metal. Since the dipole character of the solvent is considered 
to run parallel to the dielectric constant, and as electrolytes are, in 
general, more highly ionised in solvents with high than in those 
with low dielectric constants, it might be considered that the attrac. 
tion between ions and solvent molecules would increase with the 
dielectric constant. From this standpoint one would expect the 
solution tension to increase with increasing dielectric constant 
(compare Kriiger, Z. Hlektrochem., 1911, 17, 465; Kjellin, Z. 
physikal. Chem., 1911, 77, 210). 

On the basis of the well-known Malmstrom—Kriiger—Walden 
expression (Walden, “‘ Elektrochemie nichtwasseriger Lésungen,” 
p. 355), Baur (Z. Elektrochem., 1906, 12, 725) found that the solu. 
tion tension should be proportional to the cube of the dielectric 
constant of the solvent, i.e., P = cD®, where c is a constant char. 
acteristic of the metal and independent of the solvent. It would 
follow that the difference between the normal potentials of a metal 
in two solvents A and B (i.e., H4 — Fy = 3RT/nF . log, D4/Dz) 
should be a constant with the same value for all metals. Sackur 
(ibid., 1905, 44, 387) actually showed, from the results of Carrara 
and D’Agostini (Gazzetta, 1905, 35, 132), that the difference in 
normal potential for a number of metals in water and methyl 
alcohol was very nearly a constant. The value of this constant was, 
however, 0-11 volt, whilst the calculated figure is 0-032 volt. 

An empirical relation between the dielectric constant and the 
electrode potential, of the form ZH = A + B/D (A and B are con- 
stants), has been suggested by Ghosh, Chaudhuri, and Sen (J. Ind. 
Chem. Soc., 1924, 4, 189) and by Brodsky (Z. physikal. Chem., 1926, 
121, 26). This formula is clearly incompatible with that of Baur, 
since it gives the electrode potential as a linear function of the 
reciprocal of the dielectric constant, whereas the latter gives it as a 
logarithmic function. 

The experimental results recorded in the literature tell us little 
more than that the solution tension definitely varies with the 
solvent, and all workers (except Abegg and Neustadt, ibid., 1909, 
69, 486) agree with this conclusion. A parallelism between the 
electrode potential and the dielectric constant is indicated by the 
researches of Luther (ibid., 1896, 19, 529), Mortimer and Pearce 
(J. Physical Chem., 1917, 24, 275), Ghosh, Chaudhuri, and Sen (loc. 
cit.) and Brodsky (Joc. cit.), but the exact form of the relationship 
cannot be deduced from the experimental data so far obtained. 
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The question whether the electrochemical series is the same in all 
solvents has apparently to be answered in the negative (Gates, 
J. Physical Chem., 1911, 15, 97; Ghosh, ibid., 1915, 19, 720). 

The potentials given by many of the earlier workers cannot for 
various reasons be regarded as trustworthy, for they are not even 
in approximate agreement, some workers having omitted to take 
account of the degree of ionisation of the solute; and further, no 
satisfactory means has yet been found of overcoming the difficulty 
of the liquid junction potential. 

The practical problem has previously been to determine the 
potential (e,) in a cell of the type 


Metal | Non-aqueous solution | Aqueous solution | Standard electrode 
¢ e c 
1 2 


in which e, is known. The two difficulties are then : (1) To deter- 
mine the ionic concentration of the non-aqueous solution, without 
which the value of e, is meaningless; and (2) either to estimate 
or to eliminate the liquid junction potential (e). 

The ionic concentration has usually been obtained from con- 
ductivity measurements. This is well-known to be unsatisfactory, 
but there is at present no better alternative. 

The difficulty of the liquid junction potential is more formidable, 
and in many cases it has been neglected. Several methods, all 
having certain disadvantages, have been employed; the chief of 
these are (a) the dropping electrode; (b) the electrocapillary method ; 
(c) the calculation of the liquid junction potential by Henderson’s 
or some other formula; and (d) its elimination by the insertion 
of concentrated intermediate solutions of potassium chloride or 
ammonium nitrate. Even in the first two methods there appears 
to be some uncertainty as to the interpretation of the results, and 
it was therefore considered advisable to proceed on new lines, 
now to be described. 


EXPERIMENTAL. 


In order to investigate the effect of the solvent upon the solution 
tension (or electrode potential), it is advisable to select an electrode 
which (1) will give constant and reproducible potentials, (2) is a 
primary electrode, (3) has only one valency, (4) has a corresponding 
salt which is soluble in a large number of solvents. The electrode 
which was used as best fulfilling these conditions was Ag|AgNOg. 

Purification of Materials—The pure silver nitrate employed, 
which had been originally intended for work on atomic weights, 
was kindly supplied by Dr. H. F. Harwood. 

Pure acetonitrile was prepared as described in a previous paper 
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(J., 1927, 647), its specific conductivity being «»;- = 0-5—1-0 x 
10-7 mho. Propionitrile (B.D.H.) was purified in the same manne 
as the acetonitrile, and then had x.;- = 1-7 x 10-7? mho. 

Benzonitrile (B.D.H.) was steam-distilled, washed with aqueous 
sodium carbonate solution, and extracted with ether. The extract 
was dried over calcium chloride, filtered, and the ether removed 
on the steam-bath. The benzonitrile was then distilled in a vacuum, 
and the constant-boiling fraction (b. p. 73°/6 mm.) was kept for 
about 2 days over calcium chloride and then redistilled under low 
pressure. The distillate was shaken with a little phosphoric oxide, 
and after being again distilled had _ specific conductivity 
Ko5° = 0-5 X 10-7 mho. 

Phenylacetonitrile (B.D.H.) was shaken with potassium carbonate 
to remove phenylacetic and hydrocyanic acids. After filtration 
on a Buchner funnel, it was distilled in a vacuum at 110° (b. p. 231°) 
760 mm.), a large first fraction being rejected in order to ensure the 
removal of the last traces of benzyl chloride (b. p. 126°/760 mm). 
The distillate which had come over at a constant temperature was 
further purified in the same way as the phenylacetonitrile and then 
had x ;- = 0-5 x 10-7 mho. 

Ethyl cyanoacetate (B.D.H.) was shaken with calcium chloride 
for 4 hour and distilled in a vacuum at 96° (b. p. 206°/760 mm.), a 
large first fraction being rejected : xy;- = 2-5 x 10-7 mho. 

Pyridine (Hopkin and Williams’s ‘‘ Pure ’’) was dried over solid 
potash and distilled at atmospheric pressure (b. p. 114—115°); it 
was protected by soda—lime tubes: x.;- = 1-7 x 10 mho. 

Aniline (Hopkin and Williams’s “ Redistilled ’’) was dried over 
solid potash and distilled in a vacuum at 76° (b. p. 184-4°/760 mm). 
Dry nitrogen was passed through the bubbler instead of dry air. 
Precautions were taken, as in the case of pyridine, to prevent con- 
tamination by atmospheric carbon dioxide. The pure aniline was 
colourless, and had a specific conductivity lower than that of any 
of the other solvents, viz., 2-5 x 10-8 mho. This was fortunate, 
since the specific conductivities of the silver nitrate solutions were 
also exceptionally low. 

Methyl alcohol (Kahlbaum) had been kept over lime for some 
months. It was shaken with fresh lime and distilled at atmospheric 
pressure first from lime and then from dry silver nitrate. It was 
found that standing over anhydrous copper sulphate did not 
improve the product: x ,;- = 1-5 x 10-6 mho. 

Ethyl alcohol (Burrough’s ‘‘ Absolute ’’) was purified in the same 
way as the methyl alcohol: «,;. = 1-0 x 10-7 mho. 

Acetone (Hopkin and Williams’s “ Redistilled ”) was dried over 
calcium chloride and distilled at atmospheric pressure over metallic 
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calcium which had been scraped so as to present a fresh surface: 
Kase = 1-3 x 10-6 mho. 

The Solutions.—Solutions of three concentrations (approxim- 
ately V/10, N/100, and N’/1000) were made in water and in the non- 
aqueous solvent, except those in pyridine (V’/100, N/500, N’/1000, 
V/2000), aniline (V/100, N/500, N’/1000), and acetone (N/90, 
N/540, N/1000). All the solutions were stable except those in 
ethyl cyanoacetate, which decomposed, giving a brown coloration 
and a slight white precipitate within 24 hours of preparation. The 
measurements with these solutions were therefore all made on one 
day. Silver nitrate reacts with phenylacetonitrile, forming silver 
cyanide, slowly at 100° but immediately at the boiling point; at 
room temperature, however, the reaction is negligible. 

The solutions of silver nitrate in pyridine (Werner, Z. anorg. 
Chem., 1897, 15, 1; Abegg and Neustadt, loc. cit.) and aniline 
(Getman and Gibbons, Amer. Chem. J., 1911, 46, 117) undoubtedly 
contain complexes. Since these are likely to break up with dilution, 
only dilute solutions (below N/100) were used. There is, never- 
theless, some uncertainty in the deduction of ionic concentrations 
from conductivity measurements of these solutions, although it is 
to be noted that’ Sakhanov and Griinbaum (J. Russ. Phys. Chem. 
Soc., 1916, 48, 1794) found that the Nernst formula held for silver 
nitrate concentration cells when the solutions were very dilute. 
Measurements in pyridine and aniline were made in spite of the 
uncertainties mentioned, because it was considered that on account 
of their ammoniacal character they would probably yield interesting 
results. 

Apparatus, etc.—The same conductivity and #.M.F. apparatus 
was used as that described in a previous paper (J., 1927, 647). All 
specific conductivities (which may be considered accurate to within 
0-1°%%) were determined at 25° (--0-01°) in spite of the fact that the 
E£.M.F.’s were measured at room temperature, because (as will 
be seen later) it is only the ratio of the specific conductivities of the 
two solutions which is required, and this will be very nearly the 
same at 25° as at room temperature, as is apparent from the fact 
that the difference of #.M.F. of the cells at 25° and at room temper- 
ature is only very slight. The specific conductivities of the pure 
solvents have in all cases been subtracted from the observed specific 
conductivity of the solution. 

Two electrodes were inserted into each solution, and since measure- 
ments were made with and against the standard cell, a total of 
8 readings was obtained for each H.M.F.; the average of these 
values was taken. Twoindependent series of 2.M.F. determinations 
were made with each organic solvent, fresh solutions being used and 
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the electrodes replated when necessary. The values given, whic 
are the most consistent of these, may be considered accurate t 
within 1—2 millivolts. The convention has been adopted of giving 
the H.M.F. the same sign as the electrode in the non-aqueoy 
solution. 

In Table I are recorded the #.M.F. of each cell and the specific 
conductivity of each solution. As will be seen in the sequel, the 
E.M.F. of the cell stands in a simple relation to the ratio of th 
specific conductivities of the two electrode solutions, and hence th 
values of «x are tabulated throughout, x, and «, being the specific 
conductivities of the aqueous and non-aqueous solutions, respectively, 
Tn each case the three aqueous solutions (V/10, N /100, and N/1000) 
were run against non-aqueous solutions of the three dilutions (fow 
in the case of pyridine) specified on p. 273. 


Tasre I. 


Pyridine. Aniline. 


Kw X 10!. 
106-5 


Kw X 104. 
105-3 


a, X 10°. 


38-59 
10-49 


5-923 
3-278 


38-59 
10-49 


5-923 
3°278 


38-59 
10-49 


5-923 


3:27 


Acetonitrile. 
Kk, X 104. 


67-78 
12-99 
1-849 
67-78 
12-99 
1-849 
67-78 
12-99 
1-849 


£.M.F. 


(volt). 
— 0-453 
— 0-492 
— 0-503 
— 0-509 
— 0-389 
— 0-424 
— 0-445 
— 0-452 
—0:353 
— 0-366 
— 0°369 
— 0°384 


E.M.F. 
— 0-106 
— 0-148 
— 0-200 
— 0-047 
— 0-095 
—0-149 
+-0-019 
— 0-030 
— 0-097 


Phenylacetonitzile. 


Keon i, 10. 
106-7 


” 


11-97 


39 


1-294 


3? 


i. x. 10%. 


35°20 


E.M.F. 
+0-008 
—0-031 
—0-088 
+0:057 
40-022 
—0-027 
+0-113 
+ 0-078 
+0:026 


Kw X 10%. xn, X 107. 
107-3 33°34 
a5 10-44 

~ 6-805 
12-52 33°34 
aa 10-44 

a 6-805 
1-357 33°34 
te 10-44 

mf 6-805 


Propionitrile. 
Ko X 10%. x, X 10°. 


106-6 300-5 
60-45 
9-365 
300-5 
60-45 
= 9-365 
1-332 300°5 
9 60-45 
» 9-365 


E.M.F, 


(volt). 
— 0-327 
—0°343 
— 0-372 
— 0-259 
— 0-283 
— 0-299 
—0°194 
— 0-237 
— 0-253 


E.M.F. 
— 0-049 
— 0-095 
— 0-152 
+0-014 
— 0-033 
— 0-089 
+ 0-069 
+0-028 
— 0-025 


Ethyl cyanoacetate. 


x, X 105. 

36-44 
8-122 
1-407 

36°44 
8-122 
1-407 

36-44 
8-122 
1-407 


E.M.F. 
+0-013 
—0-020 
—0-072 
+0062 
+.0-027 
—0-020 
+0121 
+0:086 
+0042 


Pyri 
Anil 
Acet 
Proj 
Phe: 
N 
Ag| 
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TABLE I (cont.). 

Benzonitrile. Methyl alcohol. 
Ke X 104. x, X 105. E.M.F. Ky X 10% =x, X 104. 
106-3 45°79 +0-004 105-6 38-30 
oF 9-603 — 0-036 7-189 
me 2-262 —0-073 1-003 
12-44 45:79 +0-058 , 38-30 
9-603 +0-021 7-189 
2-262 —0-016 1-003 
45-79 +0-119 . 38-30 
9-603 +0-079 7-189 
2-262 + 0-047 1-003 


Ethyi alcohol. Acetone. 

te X 10. a, xX 10°. E.M.F. - & X 105. 
105-6 107-3 +0-088 11-50 
os 21-84 + 0-054 2-360 
im 3°484 -+0-000 1-592 
11-97 107-3 +0-143 11-50 
‘i 21-84 +0-104 ; 2-360 
i 3-484 +0-054 1-592 
1-291 107-3 +0-195 11-50 

21-84 +0-161 2-360 

3-484 +0-114 1-592 


Discussion. 


When the experimental figures recorded in Table I are plotted 
as in Figs. 1, 2, and 3, it is found that the value of # is a linear 
function of logy) xw/xs; moreover, the slopes of the different lines 
for each organic solvent coupled with water are nearly equal. 

This general result may be put in the form E = A logy xy/«xs + B, 
and Table II gives the values of the constants deduced for each 
case. 


Tasue IT. 


Solvent. ‘ B. Solvent. A. 
Pyridine ‘065 —0-352 Ethyl cyanoacetate —0-057 
Aniline —0- — 0-092 Benzonitrile 
Acetonitrile ......... —0-064 —0-091 Methyl alcohol 
Propionitrile —0:066 —0-012 Ethyl alcohol 
Phenylacetonitrile —0-057 +0-088 Acetone 


WHI 


Now, on the basis of the Nernst theory, the 2.M.F. of the cell 
Ag|AgNO,(aqueous)|AgNO, (non-aqueous)|Ag is given by 


E= RT /F . log, P,,/Tey —s RT /F ° log, P,/re, +e 
sii RT/F ° log, Prls/P Cw + é. 


In this expression, e is the liquid junction potential, which may be 
positive or negative, P, and P, are the electrolytic solution tensions 
of silver in water and in the organic solvent respectively, ¢, and 
c, are the ionic concentrations of the two solutions respectively, 
and r is a factor to convert concentration to pressure terms. 
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Further, on the classical view, ¢,/¢y = «sA,5#/KwA gs 80 that 
E = RT/F . log. Pudswv/PsNms—RT|/F log. ky/ks te. ~ (I) 


N 


Fie. 1. 


ANILINE 


rRIDINE 


—0°50 


; Ls 


J 4:0 


If this theoretical relationship is compared with the general 
empirical result of this investigation, viz., E = A logiy x»/K, + B, it 
appears that ¢ must be expressible as the sum of two terms, one 
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a constant and the other involving log,, «,,/xs. Hence (1) assumes 
the form 
E = b logig Pwd wo/PsAxs — & 10g yg Kn !ks 


and therefore a = — A, and b logy) PuA.w/PsAxs= B. Since B 
has been determined in the present research, and the values of 


__|++10 ‘ 


PHENYL= 
PROPIO= OACETONITRILE 


NITRILE 


A, in water and in the organic solvents can be obtained, the last 
equation would provide a means of calculating P,,/P, if the value 
of b could be ascertained. This difficulty cannot be surmounted 
unless either e is known or some assumption is made regarding it. 
The latter course has been adopted, and it is assumed that when 
E=0,e=0 (compare Baur, Z. physikal. Chem., 1923, 103, 39; 
Trans. Faraday Soc., 1924, 19, 718). On this basis, from (1), 
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logig PudcewlPsdos = logig ky/ms, and B= — A logio'kw/ks = — 
A logs Puke w/Psho s- 

The values of A and B are known for each solvent from the 
graphs (see Table II). The value of A,, for silver nitrate in water at 
25° is taken as 134 (Harkins, J. Amer. Chem. Soc., 1911, 33, 1819), 
and the values of A,, for silver nitrate in the various organic 


Fig. 3. 


solvents have been obtained by taking as a starting point the value 
of A, = 113 in methyl alcohol (Frazer and Hartley, Proc. Roy. 
Soc., 1925, 109, A, 362) and calculating the others therefrom with 
the help of the Walden rule: A, X » = constant.* The figures 
employed for the viscosity (7) of the different solvents (taken either 
from Walden, op. cit., or from the Landolt-Bérnstein Tabellen) are 

* The values of A,, obtained by the above method are as comparable a3 


those given by different observers. Moreover, the data given in the literature 
are scanty and not always trustworthy. 
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given in the second column of Table III, whilst the values of A,, 
derived, except for water and methyl alcohol, as stated above, are 
tabulated in the third column. The fourth column contains the 
values of P,,/P,, and the fifth the normal potentials of silver calcul- 
ated from the equation e, = 0-7995 + 0-058 log.) P,./P;s, in which 
the normal potential of silver in water is taken as + 0-7995 (Lewis 
and Randall, ‘‘ Thermodynamics,” p. 414). 


TaBeE III. 
Ag for AgNO, 


y 


Solvent. ne 
Pyridine 0-00894 
Aniline 
Acetonitrile 
Propionitrile 
Phenylacetonitrile 
Ethyl cyanoacetate 
Benzonitrile +0-860 
Methyl alcohol +0-910 
Ethyl alcohol : 150-0 +0-926 
Acetone 202-0 6043-0 +1-019 


En: 
+0-470 
-+ 0-666 
+0-725 
-+0-799 
+0-°853 
+0-854 


—SeOwmonmty 
mMOoOmandsS 
DrorkOoces 


Om 


The values of P,/P, support the generally accepted view that 
the electrolytic solution tension of a metal varies with the solvent, 
but are in conflict with the attempted correlation of solution tension 
and dielectric constant (compare p. 270). 

The suggestion has been made (Brodsky, loc. cit.) that the solution 
tension of a metal in different solvents should run parallel with the 
solubility of a given salt of the metal in these liquids, and with the 
object of testing this relationship the solubilities of silver nitrate in 
pyridine, aniline, propionitrile, phenylacetonitrile, and ethyl 
cyanoacetate have been roughly determined at room temperature 
(18°). Figures for the other solvents have been taken from Walden’s 
book. In Table IV the various solvents are arranged in the order of 
diminishing solution tension, whilst the corresponding dielectric 
constants (D.C.) and solubilities (in g. per 100 g. of solvent) are set 
out in the second and third columns. 


TaBLeE LV. 


Solu- 

Solvent. D.C. bility. Solvent. 
Pyridine Ethyl cyanoacetate 
Aniline : Benzonitrile 
Acetonitrile , Methyl alcohol 
Propionitrile ° Ethyl! alcohol 

Acetone 
Phenylacetonitrile 15 


The results of the present investigation show that the solution 
tension of silver is definitely greater in pyridine, aniline, and aceto- 
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nitrile than in water, a relationship which is in conflict with the 
formulation of Baur and others (see p. 270). Altogether, there is 
an absence of any kind of order in the dielectric constants when 
the solvents are arranged in order of decreasing solution tensions as 
above, and there is also no obvious relation between the solubility 
of silver nitrate and the solution tension of the silver ion. It 
seems that the existence of specific attractive forces between the 
solvent molecules and the metal ion would account best for the 
observed effects, the high solution tension of silver in pyridine being 
due to this solvent’s pronounced ammoniacal character. 


Summary. 

(1) The solution tensions and normal potentials of silver in 
various solvents at room temperature have been deduced by a new 
method. 

(2) The results show that there is no relation at all between the 
solution tension (or normal potential) and the dielectric constant 
of the solvent. 

(3) An explanation is sought in the action of specific attractive 
forces between the metal ion and the solvent molecule. Molecules 
containing groups of an ammoniacal or nitrile character are shown 
to have, in general, a greater affinity for the silver ion than those 
containing hydroxylic or ketonic groups. 


In conclusion, the author desires to acknowledge his debt to 
Professor J. ©. Philip, F.R.S., for the interest and valuable 
suggestions with which he has furthered this work. 
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XL.—The Effect of Catalysts on the Speed of 
Flame, Infra-red Emission, and Ionisation during 
the Combustion of Carbon Monoxide and Oxygen. 


By W. E. Garner and C. H. JoHNson. 


In previous papers (Garner and Johnson, Phil. Mag., 1927, 3, 97; | 


Johnson, ibid., 1928, 5, 301) it was shown that the loss of radiant 
energy from explosions of carbon monoxide and oxygen, dried for 
2 hours over commercial phosphoric oxide, is nearly 10% of the 
total chemical energy set free during the explosion. With 1-99% of 
water vapour present in the mixture, the fraction of the chemical 
energy emitted as radiation fell to one-quarter of the value for the 
dried gases. 
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The explosions were carried out in metal tubes, 1 inch in internal 
diameter; under these experimental conditions, the hot products 
of explosion are rapidly chilled by the walls of the bomb, and the 
radiation emitted comes very largely from the burning gases. The 
amount of thermal emission from the hot products of explosion is 
thereby very much reduced, and the conditions are thus suitable 
for the detection of chemiluminescence if this be present in the 
radiant energy from the burning layers. 

The temperature in the zone of combustion depends very largely 
on the velocity of chemical change, which is much more rapid in 
the moist than in the dry gases (Dixon, Phil. Trans., 1884, 175, A, 
617). Thus the temperatures attained and the thermal energy 
emitted should be higher for the moist than for the dry gases. 
Experiment shows, however, that the emission of radiation is the 
greater for the dry gases. It must therefore be concluded that the 
difference between the emissions for moist and dry gases cannot 
be due to thermal emission but must be accounted for as chemi- 
luminescence. 

There is an intimate relationship between the speed of flame and 
the emission of radiation, which cannot be expressed in an exact 
manner on account of lack of knowledge of the mechanism by which 
the flame is propagated. It is clear, however, that the additional 
loss of 7:-5°% of the total energy of the explosion which occurs in 
the dry gases will reduce materially the velocity of the flame. It 
would appear, therefore, that one of the causes of the reduction in 
speed of flame in mixtures of carbon monoxide and oxygen which 
occurs on drying lies in the increased loss of energy as radiation. 

Hydrogen and hydrogen-containing substances act similarly to 
water in promoting an increased speed of flame and in reducing 
the emission of radiant energy. The effects of ethyl nitrate, ethyl 
iodide, and hydrogen are similar to those of water. The magnitude 
of the changes produced on the addition of 1° is of the same order 
for all of these substances. The radiation emitted at 2-8 and 4-4 u 
is diminished to practically the same extent as the total radiation. 

Other substances, such as carbon tetrachloride and nitrogen 
B peroxide, have an opposite effect, decreasing the speed and increasing 

the emission of radiation. Their action is antagonistic to that of 
water, and it is highly probable that they reduce the concentration 
of this substance by interaction. 

The extinction coefficients of the mixtures of carbon monoxide 
and oxygen, as measured in a column 10-7 cm. long, were not appre- 
ciably affected by the presence of the small quantities of the catalysts 
used. Thus the effects cannot be attributed to the absorption of 
radiation by the catalysts in front of the burning gases. 
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The changes in the emission of radiant energy occur in the region 
of the carbon dioxide maxima at 2-8 and 4-4u. We are thus dealing 
with an effect in which the molecules of carbon dioxide are concerned, 
and not those associated with the formation of some peculiarly 
active decomposition product of the catalysts employed. 

These facts were established in a series of preliminary experi- 
ments and were confirmed later by more accurate measurements 


Fria. 1. 


with a new experimental arrangement by which the emission af 
radiation, the ionisation, and the speed of flame could be measured 


simultaneously. 


EXPERIMENTAL. 
The disposition of the apparatus is shown in Fig. 1. The gases 
were fired in a cylindrical explosion vessel A of the same dimension 
as that described previously. The ignition was brought about at 
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a by the fusion of very thin iron wire, 1-5 mm. long, stretcheif sm: 
between the insulated terminals of a firing plug. A 12-volt battey 


was used as a source of current. The bomb carried in addition five 
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pairs of insulated electrodes (only three are shown in the figure), 
which were placed between the firing plug and the fluorite window 
(b, Figs. 1 and 2). These were used in connexion with the measure- 
ment of speeds of flame. 

In Fig. 3 a section is given showing the detailed construction of 
the electrodes. They carried stout platinum wires penetrating 
0-4 cm. into the interior of the bomb, the tips of the wires of each 
pair being separated by 1-5 mm. 

The bomb was clamped in a rigid iron framework in alinement 
with a sensitive, quick-acting, linear thermopile, B, mounted 
separately ona stand. The distance separating the fluorite window 
of the bomb and the thermopile was 34 cm., and in this position the 


Fia. 2. 
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thermopile could not “see” the walls of the bomb. Both the 
bomb and the thermopile were fastened through their stands to 
the bench. The thermopile slit was maintained at 0-5 mm. through- 
out the experiments. 

The thermopile was used in conjunction with a Downing galvano- 
meter, C, which was enclosed in a shield of Mu-metal. The galvano- 
meter was supported upon a slate slab resting on a 3-inch thickness 
of brown paper on the top of a brick column going down into the 
concrete foundations of the building, and this proved very effective 
in eliminating vibrational disturbances. A light mica damping 
vane attached to the suspension and a device for regulating the 
damping enabled the galvanometer to be critically damped when 
taking records. The sensitivity of the galvanometer was checked 
before every experiment by noting the deflexion produced when a 
small current from a standard cell passed through the coils of the 
instrument. 

A photographic record was obtained of the galvanometer deflexion 


284 GARNER AND JOHNSON: THE EFFECT OF CATALYSTS 


by projecting a bright vertical line of light from a small filament 
lamp, f, upon the galvanometer mirror. This passed by reflexion 
to the adjustable horizontal slit of an improvised camera, D, placed 
about 40 cm. from the galvanometer and directly in front of it. 
Immediately behind the camera slit was a long cylindrical lens, ¢, 
which brought the line of light to a point focus upon a drum carrying 
Wellington and Ward “ Negative Paper.” Deflexions up to about 
12 cm. could be recorded on the drum. A time marker, placed 
between the lamp and the galvanometer mirror (not shown in 
Fig. 1), was operated by the electrically driven tuning fork, which 
operated another time marker, g, used with the Einthoven galvano- 
meter E. From the curves recorded on the revolving drum, the 
amounts of radiation falling on the thermopile could be calculated. 
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The areas below these curves are proportional to the quantities of 
radiation received. By comparing the areas obtained from experi- 
ments on gaseous explosions with the area of a “control curve,’ 
obtained by allowing a known amount of radiation to fall instan- 
taneously upon the thermopile, the radiation received by the 
thermopile can be expressed in absolute units. The method of 
obtaining the control curve has been described previously. Typic#! 
radiation records are shown in Fig. 4; the ordinates of the exper 
mental curves have been measured and re-plotted to the same time 
axis, so that they are directly comparable. Curve I was obtained 
with standard dry mixture in the presence of carbon tetrachloride. 
Curve II is a well-dried mixture; III is the record taken with wet 
gas; IV is the control curve. 

Measurement of Flame Speeds—A new method for the measure 
ment of flame speeds was devised which involved the use of a 
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Einthoven galvanometer, E (Fig. 1), period ;35 second. The prin- 
ciple of the method is as follows: Each pair of the insulated elec- 
trodes in the bomb is connected in parallel with one another and in 
series with the string (movable part) of the galvanometer and a 
source of potential, h. Prior to explosion the gases in the bomb 
offer an infinite resistance and no current passes round the circuit ; 
on exploding the gas mixture, the flame travels along the bomb, 
and as it passes each pair of electrodes it renders the gases con- 
ducting, thus causing a momentary deflexion of the fibre. These 
deflexions are recorded upon the falling plate of the Einthoven 
camera, F. The time of fall of the plate is automatically marked 
in twenty-fifths of a second, so that, the distances between the pairs 
of electrodes being known, direct measurements from the plates of 
the times between successive deflexions enable one to calculate 
mean flame speeds in the successive sections of the bomb. In 
practice, the method proved trustworthy only for the slowest 
flames, chiefly owing to the smallness of the bomb and the slow rate 
of fall of the plate. With a long bomb and a fast-moving drum in 
place of the falling-plate camera, this method would give highly 
accurate results, but in any arrangement a definite limit of useful- 
ness is imposed by the period of the galvanometer, which may be 
comparable with the time taken by the explosion to traverse the 
distance between successive pairs of electrodes, in which case the 
fibre is set oscillating. The potential applied to the pairs of elec- 
trodes was either 2 or 4 volts according to the nature of the explosive 
mixture. In the very fast explosions, where considerable ionisation 
occurred, the galvanometer was shunted with a resistance equal to 
that of the fibre. 

General.—It was found possible to co-ordinate the actions of both 
galvanometers, one recording radiation and the other speeds, so 
that simultaneous records were obtained of these properties in every 
explosion. By means of a simple device at i, it was arranged that 
the mechanism controlling the falling plate of the Einthoven camera 
automatically fired the bomb. In order to correlate completely the 
two photographic records, pieces of iron wire, similar to that used 
in firing the gas mixture, were affixed, one above the drum camera 
and another in front of the lens of the falling-plate camera, both 
connected in parallel with the firing plug. (These are not shown in 
the figure.) The wire above the drum was enclosed in a small 
black box with a slit so that the light emitted when the wire fused 
caused a sharp image of the slit to be registered upon the sensitised 
paper. By this means it was possible to determine if there was 
any appreciable lag between the moment of ignition of the gases in 
the bomb and the initial reception of heat by the thermopile. In 
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very few cases was a lag indicated, generally with dried gas mixture, 
and then only of the order of 0-01 sec. The fusing of the wire 


placed in front of the Einthoven camera removed its shadow from : 
the plate. (1 
Measurements of the total infra-red radiation and the speed of — va 
flame were made on a standard mixture of carbon monoxide and § fr 
oxygen to which small quantities of catalysts had been added. 
The speeds were not determined with a high order of accuracy but 
are sufficiently exact to bring out the main points at issue. The 
data are collected in Tables I to VI. The emission of infra-red » 
radiation decreases as the speed of flame increases, and vice versa. m 
In order to arrive at the values for the radiation received by the 
thermopile, the areas of the curves were measured and their equiv- 
alent calorific values calculated by comparison with the area of the 
control curve. These are expressed in calories, but any arbitrary 9 
scale would do equally well for the purposes of the present dis- pant 
cussion. ‘The speeds are the means of the velocity of propagation F 
between electrodes 2 and 4, and 4 and 5 (see Fig. 1). Usually the thor 
velocity was uniform in these two sections of the bomb. il 
Dried Gas.—The standard mixture consisted of 2 vols. of carbon iene 
monoxide and 1 vol. of oxygen, dried for two hours over 130 cm. ¥ _..; 
of commercial phosphoric anhydride before admission to the dried f , ..... 
bomb. Thus the drying was more complete than in the previous _.,. 
work. It was very necessary to dry the bomb to the same extent They 
before each experiment. Only about one in every three mixtures, f ,, -_, 
prepared as above, could be fired by the fusion of iron wire, and , ae 
there was a greater variation between the individual results than § 4... 
was observed previously, owing, presumably, to the difficulty inf .¢ at 
drying the walls of the bomb to the same extent each time. The 
results of five explosions are in Table I. 
TaBE I. 
Dried gas. Expl. 
Explosion No. 1. 2. 3. 4. 5. Mean. — 
Radiation (cal. x 10°) ...... 5-79 5:72 6-28 5-68 6-55 6-00 ] 
Speed (cm. /seC.) ....eereereeees 94 108 79 130 89 100 2 
3 
Positive Catalysts —1. Water vapour. The effect of addition o 1 
water on the radiation and speed is very marked. The radiatio 2 
is reduced to 27% of the value for the standard mixture by the 
presence of 1-95°% of water, whilst the speed increases more that 
ten-fold. Very small percentages of water vapour have a very gre‘, ge 


effect upon the amount of radiant energy emitted, as was shown by 
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removing two of the four tubes of phosphoric oxide, and by drying 
for 1 instead of 2 hours. The ratio of the emission from dry to 
that from wet gas fell from 3-5:1 to 25:1. In explosion 3 
(Table II), the bomb was saturated with water vapour at 17-1°. 
This, therefore, corresponds to “‘ wet gas” mixture. The water 
vapour in Nos. 1 and 2 was introduced into the evacuated bomb 
from water or ice maintained at a constant temperature. 


TABLE II. 
Dried gas +- water. 
Explosion No. % Water. Radiant energy (cal. x 10°). Speed (cm:/sec.). 


0-00 6-00 100 


0-23 2-76 780 
0-44 2-39 900 
1-95 1-63 > 1000 


2. Other positive catalysts. A number of hydrogen-containing 
substances were added in order to compare their action with that 
of water. The vapours were in all cases introduced into the 
thoroughly dried bomb, and the explosive mixture was added 
subsequently, leaving time for thorough mixing. The vapours 
were strongly absorbed by the walls of the bomb, so that the per- 
centages given in Tables ITI—VI are maximum values. Ethyl 
nitrate, ethyl iodide, ethyl bromide, and chloroform behave like 
water, increasing the speed and diminishing the radiant energy. 
They act as positive catalysts by virtue of the hydrogen they con- 
tain. In a number of experiments the speeds could not be read 
accurately from the records on account of overlapping of the 
deflexions. Nevertheless, even for the fastest explosions the order 
of magnitude of the velocity could be derived. 


TasBe ITT. 
Dried gas +- hydrogen-containing substances. 


Radiant energy Speed 
Catalyst. % Added. (cal. x 10°). (cm./sec.). 
— 0-00 6-00 100 


C.H;NO,; 0-28 2-30 930 
by 0-46 2-20 >930 
0-89 1-56 2500? 


C,H,I 0-18 2-16 >800 
if 0-32 1-67 1100 


C,H;Br 0-69 1-90 1100 
CHCl, 0-47 2-30 560? 


Negative Catalysts —The effect of carbon tetrachloride upon the 
radiation intensity is not so marked as in the preliminary experi- 
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ments, doubtless owing to the more thorough drying of the standard 
mixture. 


TABLE IV. TABLE V. 


Dried gas +- carbon tetrachloride. Dried gas +- nitrogen peroxide, 


Radiant Radiant 
energy Speed energy Speed 
Expl. % 
No. Added. 
—_ 0-00 
0-35 
0-72 
1-05 
1-42 
1-14 
1-01 
Mean — 


From walls. 


> 9° 


comet | 


Nitrogen peroxide. Nitrogen peroxide behaves as a feebly positive 
catalyst in the mixture dried as above, but as a negative catalyst 
in an imperfectly dried mixture. In the earlier experiments, this 
vapour functioned as a negative catalyst. 


TABLE VI. 


Partially dried gas + nitrogen peroxide. 
% Added. Radiant energy (cal. < 10-®). Speed (cm. /sec.). 
0-0 3°94 375 
<1-0 5:20 85 (approx.) 

General Conclusions.—The relationship between the speed of 
propagation and the radiant energy has been shown to hold good, 
within the error of experiment, for all casesexamined. The emission 
intensity varies inversely with the speed of flame. 

The behaviour of carbon tetrachloride and nitrogen peroxide is 
worthy of special consideration. Both substances can directly 
counter the*action of water molecules, as has been demonstrated by 
addition of the vapours to partially dried gas mixture. 

Carbon tetrachloride. Chemical interaction at high temperatures 
between this vapour and the small amount of water present scarcely 
seems a sufficient explanation for the effect, since the products 
must obviously contain hydrogen and it is known that even hydrogen 
chloride (Dixon) and chloroform (Table III) behave as positive 
catalysts for the reaction. Nothing is known, however, regarding 
the relative efficiencies of the various hydrogen-containing catalysts. 

It is scarcely conceivable that the energy absorbed from the 
system during the breakdown of the carbon tetrachloride and, 
possibly, subsequent formation of oxides of chlorine, is of sufficient 
magnitude to reduce the flame temperature materially. Calculation 
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shows that if all the carbon tetrachloride is decomposed, the energy 
involved amounts to much less than 1% of the heat of combustion 
of the carbon monoxide. Even if this explanation were admissible 
in accounting for the slow rate of reaction, it would not explain 
the increased emission of infra-red radiation. 

Nitrogen peroxide. The anomalous catalytic behaviour of this 
substance towards partly dried and thoroughly dried gas mixtures 
is readily understood if it is assumed that in the former case reaction 
occurs between the vapour and the water molecules, accompanied, 
maybe, by adsorption of the resulting complex on the walls of the 
bomb. The net result is the substitution of a small amount of a 
feeble positive catalyst (nitrogen peroxide) for a smaller amount 
of an exceedingly powerful positive catalyst (water). This also 
explains why, in the preliminary experiments, nitrogen peroxide 
was found to be a less powerful negative catalyst than carbon 
tetrachloride. 


Analysis of the Total-radiation Records. 


The total-radiation curves give no direct information regarding 
the rates at which the energy is emitted from the bomb, since the 
galvanometer deflexion is determined by factors other than the 
emission of heat—notably by the inertia of the suspension and the 
various forces controlling its movements. A method of analysing 
galvanometer records (deflexion-time curves) has been developed 
by Hartree and Hill (Proc. Roy. Soc., 1921, A, 99,172; J. Sci. Inst., 
1923, 267), by means of which the elimination of thermopile and 
galvanometer constants is possible. First, it is necessary to obtain 
a standard curve or “ control curve ”’ by recording the galvanometer 
deflexion when a known amount of energy is directed instan- 
taneously upon the thermopile. It is assumed that when a certain 
quantity of heat falls suddenly on the thermopile, there is obtained 
a curve of definite shape with ordinates proportional to the amount 
of heat received. The underlying idea is the analysis of the experi- 
mental curve into a set of curves of the same shape as the control 
curve but of different magnitudes, their starting point as regards 
time being determined by trial. The effect is thus to divide what 
is in reality a continuous emission of heat from an explosion, into 
a succession of discrete impulses of energy, given out at definite 
small intervals of time. The closer the intervals are together, the 
more nearly does the derived rate of emission correspond to the 
actual rate. 

The control curve is obtained by radiating to the thermopile a 
known amount of heat over a time short enough to be considered 
instantaneous in comparison with the duration of an explosion, the 
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thermopile and galvanometer being used under precisely the same 
conditions (as regards sensitivity, slit width, etc.) as when recording 
radiation from the explosions. The control curve is time-marked 
so that the ordinates (deflexions) can be measured every twenty- 
fifth of a second. This series of ordinates, then, corresponds to the 
reception by the thermopile of an arbitrary unit of heat; multiples 
and sub-multiples of these ordinates are tabulated, corresponding to 
multiples and sub-multiples of this arbitrary energy unit. This is 
the ‘‘ Control Table.’”’ The explosion curve is measured up in the 
same way, and its ordinates are written in a horizontal column at 
the top of a large sheet of paper. From inspection of the first two 
or three of these it is seen that they agree more or less with the 
numbers in the control table corresponding to heat, say, x units 
at time 0; these numbers in the control table are then subtracted 
throughout from the tabulated ordinates of the experimental curve, 
and a note made, x units at time 0. The first two or three remain. 
ders are then seen to correspond to heat, say, y units at time 0-04 
second (this being the interval chosen), and the numbers for y units 
in the control table are therefore shifted along to 0-04 second, and 
subtracted throughout, leaving a second series of remainders. The 
process is continued until the remainders become zero, or prac- 
tically so. 

The space required prohibits the reproduction of the operations 
by which the analysis is carried out; this was performed upon 
average curves obtained by measuring the ordinates of all the 
experimental curves and taking means at corresponding times after 
the instant of ignition. 

TaB_eE VII. 


Rates of emission of radiant energy. 


Time from ignition (in 
ws-Sec. periods) 


& 
Partially dried gas 
Dried gas 
Dried gas -}- CCl, 


Time from ignition (in 

z's-Sec. periods) 

Heat units. 

Partially dried gas 
Dried gas : 
Dried gas + CCl, ‘75 0-75 0-75 O75 O75 0-75 1:0 _ 

Each horizontal series in Table VII represents a succession ¢ 
discrete impulses of heat given to the thermopile at intervals 0 
0-04 sec.; time 0 corresponds to the instant of ignition. The 
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thermopile receives practically the same quantity of radiant energy 
from each section of the bomb (see Phil. Mag., 1928, 5, 301), so that 
with a uniform flame movement an almost steady rate of emission 
would be recorded, provided that the bulk of the energy is received 
from the wave front and not from the hot products of combustion. 
The above table indicates that these conditions hold fairly well. 
Absorption by the cold gases diminishes the amount of radiation 
received from the initial stages of combustion, and retardation of 
the flame as it approaches the fluorite window reduces the quantity 
radiated per 0-04 sec. in the slower-moving flames. 

Except for small residues, the radiation ceases abruptly at times 
dependent upon the nature of the catalyst present. These residues 
of heat, which are emitted some time after the steady radiation has 
ceased, probably have considerable theoretical interest and are 
therefore recorded in Table VIII. 


TaBLeE VIII. 


Heat residues. 


Dried gas Dried gas. Partially Wet 

+ CCl,. ——~. — gas. gas. 

Time from ignition (secs.) 1-1 2:7 
Heat units 0-75 0-75 


% of total radiation ... 9-1 


The duration of this residual radiation cannot be measured 
accurately without considerable refinements in the experimental 
technique (notably in the accuracy of time-marking the records) 
and without increasing enormously the labour of analysis. The 
time values tabulated above have therefore very little significance 
except as rough indications of the times over which the after- 
radiation was appreciable. 

The residual radiation can hardly be thermal, since none is 
detected after explosions of wet gas mixture in which the highest 
temperatures are reached. If it is due to “ after-burning,” then 
considerable chemical combination must occur at low temperatures, 
which suggests the persistence of activated (or possibly ionised) 
molecules. 

Evidence is submitted subsequently which points to a possible 
connexion between this residual radiation and the persistence of 
ions in the gases after explosion. 


The Duration of Emission of Radiant Energy and the Duration 
of Flame. 


It seemed of interest to attempt to correlate the duration of 
steady radiation with the duration of flame within the bomb. 
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The duration of radiation, exclusive of residues, can be computed 
directly from the above analyses. The duration of flame can be 
ealculated from speed measurements—small inaccuracies are liable 
to be introduced here owing to the somewhat unsatisfactory method 
of recording the instant of ignition upon the plates. In three cases 
in which dried gas mixture was used, it was possible to measure 
the speed between the moment of ignition and terminal 5, and the 
mean speed thus calculated was 93 em./sec. Reference to Table | 
shows the average speed for explosions in dried gas to be 100 cm./see, 
Calculation of the duration of flame was therefore made, taking the 
value 96 cm./sec. For carbon tetrachloride explosions, the mean 
speed between firing plug and T; was 67 cm./sec., and between 
T, and T, 63 cm./sec. (see Table IV). A value 65 cm./sec. was 
therefore taken in making the calculation. Owing to the method 
by which the analyses of the total radiation curves were effected 
it must be emphasised that the figures in both columns of Table IX 
are derived from averaged data from corresponding records, and are 
therefore comparable. 


TABLE IX. 
Duration of steady Duration of flame 
Description. radiation (sec.). (sec.). 
Dried gas 0-34 + 0-02 0-36 +. 0-02 
Dried gas + CCl, 0-54 =,, 0-54 ,, 
Partially dried gas 0-22 ,, 0-16 ,, 
WR ik as 3 sab Fads oF seeds 0-10 0:03, 


The table shows that, within the limits of accuracy of the analysis, 
the abrupt fall in the emission of radiation coincides with the 
extinction of flame in explosions of standard mixture with and 
without carbon tetrachloride. The bulk of the radiant energy, 
therefore, has its origin in the wave front where chemical change is 
proceeding, and not in the hot products of reaction. This is also 
supported by the aforementioned fact that the energy is emitted 
at an approximately uniform rate as the flame travels along the 
bomb (see Table VII). Had emission occurred to any important 
extent behind the wave, it would have been much less in the first 
than in the last twenty-fifth of a second. The small diameter of 
the bomb is responsible for rapid cooling of the gases and very 
probably for the sudden extinction of the radiant energy when the 
flame reaches the window. 

When water is present the radiation outlasts the period of 
inflammation; in this case the flame temperature is higher, so that 
a considerable proportion of radiant energy may be of thermal 
origin. 
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Ionisation Phenomena accompanying Explosions of Carbon Monoxide 
and Oxygen. After-burning. 


The speed records give comparative measurements of the maxi- 
mum conductivity produced at the separate terminals and of its 
duration. It was not feasible to introduce the elaborations (guard- 
rings, etc.) necessary for a thoroughly trustworthy examination of 
ionisation, owing to the danger of screening off portions of the 
bomb from the thermopile and thus materially reducing the amount 
of radiant energy received upon it. Typical records are given in 
Figs. 5 and 7. The deflexions obtained are proportional to the 
electric current produced when the wave passes the platinum-point 
electrodes 2, 4, and 5. 

The maximum deflexions obtained at electrode 2 for a number of 
explosive mixtures are recorded in the Table X under the heading of 
maximum conductivity, together with the speeds of flame and the 
persistence of ionisation at electrode 5. 

The conductivity between platinum-point electrodes is dependent 
upon a large number of factors, e.g., the rate of establishment of the 
ionisation equilibria, the nature of the elementary substances 
present, and the velocity of chemical change. It is not surprising, 
therefore, to find that the type of deflexions obtained for explosions 
in which various hydrogen-containing catalysts are present are 
similar to one another and different from that of the dried gases 
without catalyst. It is evident from Table X (a) that hydrogen- 
containing substances greatly increase the conductivity and decrease 
the duration of ionisation. 


TABLE X, 


Lonisation and speed of flame. 


Maximum Persistence of 
Speed of flame conductivity ionisation at T, 
% Catalyst. (cm. /sec.). (arbitrary units). (sec.). 
— 100 1-0 3-25 x 0-04 


(a) Addition of hydrogen-containing substances. 

0-23 H,O 780 8-5 
0-44 ,, 900 17-6 
1-90. ys, > 1000 30-0 
0-28 C,H;NO, 930 7:0 
0-46 i >930 11-0 
0-89 s 2500 28-0 
0-32 C,H,I 1100 >12-0 
0-69 C,H,Br 1100 >10-0 
0-47 CHCl, 560 ? 12 


(6) Addition of carbon tetrachloride and nitrogen peroxide. 
CCl, 63 1-7 5-6 x 0-04 


NO, 140 2—8 y 5 ” 
9 
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Addition of Negative Catalysts ——Anomalous results are obtained 
with carbon tetrachloride; in spite of the fact that it reduces the 
speed, the conductivity is somewhat increased, and the persistence 
of ionisation lengthened. Nitrogen peroxide behaves normally, 
increasing both speed and conductivity and diminishing the per. 
sistence. The conductivity results in the presence of nitrogen 
peroxide are, however, erratic. 


The Persistence of Ionisation. 


A striking feature about explosions of dried standard mixture 
and of mixtures containing carbon tetrachloride is the persistence 
of ionisation for some time after the passage of flame across the 
electrodes. The persistence is not often evident at the first pair 
of electrodes (nearest the firing plug), the galvanometer deflexion 


Fia. 5. 
FF Ts 


TIME SCALE IN Ys SECs, 


rising sharply to its maximum value and falling to zero level immedi- 
ately afterwards. The persistence is appreciable at the fourth 
electrode and most marked at the fifth. Thus the magnitude of 
the deflexion increases as the wave advances along the tube. This 
effect is not accidental, due to differences in the setting of the 
electrodes. Moreover, the result is in agreement with that obtained 
by Malinowski (J. Chim. physique, 1924, 21, 469), who previously 
observed the effect in slow-moving benzene-air mixtures. In 
Fig. 5 are reproduced some of the actual records in order to illustrate 
the various points at issue. Curve a shows a typical record obtained 
from a dried gas explosion, with 4 volts across the terminals; the 
three breaks are clearly marked and the persistence of ionisation in 
the neighbourhood of T, and T; is very striking. Curve b was 
taken in the presence of ethyl nitrate with a P.D. of 2 volts and 
with the galvanometer shunted. Owing to the high speed of 
explosion, only the break corresponding with T, can be clearly 
distinguished. Curve c is a record obtained with carbon tetra- 
chloride in the bomb, and a P.D. of 4 volts; the extraordinarily 
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large deflexion, caused by an overlap of the effects at T, and Ts, 
and its long duration are obvious. 

These results are in complete harmony with some unpublished 
experiments by Dr. 8. W. Saunders, whose results are illustrated 
in Fig. 6, which is self-explanatory. In his work the electrode pair 
consisted of two platinum discs fitted with a guard ring, and the 
bomb was a spherical vessel of 2 litres capacity. The maximum 
deflexions are not directly comparable, since different voltages and 
galvanometer shunts were used in the three curves shown in Fig. 6. 


Discussion. 

The ionisation results show that in the presence of hydrogen- 
containing substances the conductivity of the gases falls from its 
Fie. 6. 

H,0, N, ,CO, 0,, 
200+0,+ 2H,,C,H,T, 
C,H,NO,. 


2(0+0, (Dry). 


relatively high maximum value to zero within 0-02—0-03 sec. after 
the flame has reached an electrode. In explosions of dried gas 
mixture the ionisation at T,; lasts for about 0-13 sec. after the 
passage of flame, and for 0-22 sec. in the presence of carbon tetra- 
chloride. If this phenomenon were due primarily to “ after- 
burning ”’ (which Dixon and others claim to have found in dried 
mixtures of carbon monoxide and oxygen), it would surely have 
betrayed itself by appreciably prolonging the radiation of heat 
with respect to the duration of flame. The analyses of the radiation 
curves show, however, that the period of after-burning, if any, is 
too short to be detected with the experimental arrangement 
employed, and that the extinction of steady radiation practically 
coincides with the extinction of flame. 

The long duration of ionisation can be interpreted on the assump- 
tion of an abnormally slow rate of recombination of the ions pro- 
duced during combustion. It is natural to inquire whether this 
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retarded neutralisation is in any way connected with the emission 
of ‘‘ residual” infra-red radiation, mentioned previously, which 
the analyses disclosed. The two effects certainly run parallel to 
one another. They also call to mind the recent results of Ellis 
and Wheeler (J., 1927, 310), in which it was discovered that, immedi- 
ately following the wave front in mixtures of carbon monoxide and 
oxygen, an intense visible luminescence set in, originating in the 
neighbourhood of the point of ignition. This is attributed by the 
authors to ‘‘ after-burning,’’ but it is conceivable that the secondary 
emission of visible radiation is due to the recombination of ions 
produced during the passage of flame, or to the return of electrons 
in excited molecules of carbon dioxide to their normal orbits. The 
small amounts of residual infra-red radiation, detected in our 
experiments and emitted after the flame has reached the window, 
and the emission of visible radiation may be complementary 


phenomena. 
Fig. 7. 


Xs Secs. 


In this connexion it is desirable to relate an interesting experi- 
mental result obtained whilst carrying out some explosions in glass 
tubes. When a dried mixture containing a small quantity of carbon 
tetrachloride is exploded in a long glass tube, closed at the end 
remote from the point of ignition but open at the other, the flame 
sometimes separates into two portions—one, pale blue in colour, 
forming the wave front, and another, of conical shape, emitting an 
intense yellow luminescence and separated by a few mm. from the 
first—the whole having a length of about 5 cm. When no separ- 
ation occurs, the two zones are readily distinguished in the flame. 

It is impossible to trace the shape of the ionisation records for 
the fast explosions, but close examination of the numerous cases 
where the speed is moderate or slow reveals a rather striking phe- 
nomenon which suggests an explanation of the above phenomenon. 

Fig. 7 a represents the general configuration of a deflexion at a 
single electrode. There are two maxima; the first, which is sharp, 
undoubtedly corresponds to the passage of flame over the electrode; 
the second, which is usually less well-defined and smoother, is of 
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unknown origin. As an illustration, an actual record taken with a 
mixture containing a trace of water vapour is reproduced in Fig. 7 6, 
in which the double deflexions corresponding to T,, T,, and T; are 
clearly differentiated. 

The form of some of the Einthoven records for explosions of 
dried gas mixture, and particularly in the presence of carbon tetra- 
chloride or nitrogen peroxide, suggests the occurrence of simul- 
taneous propagation of two waves within the bomb, travelling at 
approximately equal speeds. Fig. 7 ¢ is an illustration of this type 
of record, in the presence of carbon tetrachloride; Figs. 5 (a and 
c) and 6 (Dr. Saunders) also illustrate it. 

This effect may, however, be nothing more than a separation of 
the two maxima referred to above. Whatever the cause, there 
seems definite evidence for the existence of two “‘ zones” of ion- 
isation, which become more clearly differentiated the slower the 
combustion. Whether the flame actually divides into two portions 
within the bomb is a matter of conjecture; if such is the case, it is 
curious that the times for the duration of flame and radiation of 
heat are so nearly equal. The logical conclusion is that the infra-red 
emission from the second portion is very small. 

The evidence for “after-burning” in explosions of carbon 
monoxide and oxygen rests chiefly upon the results of photographic 
examination. The interest attaching to the experiments described 
above is that a distinction is drawn between the combustion phase, 
with its attendant emission of infra-red energy, and another phase, 
the chief features of which are ionisation and an emission of visible 
radiation. The so-called “ after-burning”’ may be nothing more 
than the registration of the latter upon a photographic plate. 

Wheeler and Ellis (loc. cit.) have ascribed the after-glow to “ after- 
burning,” but it is conceivable, as already suggested, that it is 
merely a luminescence accompanying the neutralisation of ions. 

It is impossible at present to do more than direct attention to the 
facts and to suggest an alternative explanation; further investig- 
ation must precede a detailed discussion of these curious phenomena. 


Summary. 

Measurements have been made of the rate of emission of radi- 
ation, the duration and magnitude of ionisation, and the speed of 
flame for carbon monoxide and oxygen mixtures to which a number 
of catalysts have been added. 

Hydrogen-containing substances diminish the emission of infra- 
red radiation, and increase the speed of flame and the magnitude 
of ionisation in these explosions. 

In an explosion of the dry gases, two maxima of ionisation are 
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observed to move past the electrodes as the flame traverses the 
explosion vessel. These simulate the passage of two successive 
waves. The second maximum is frequently much larger than the 
first, especially when carbon tetrachloride is present. The per. 
sistence of the ionisation associated with the second maximum 
increases as the wave passes along the bomb. At the last electrode 
it persists for 0-1—0-2 sec. These phenomena do not appear to be 
due to reaction between carbon monoxide and oxygen, since the 
infra-red radiation emitted after the flame has reached the window 
of the bomb is small. It may be an effect due to the absorption 
of ultra-violet radiation by the hot gases behind the flame, with the 
production of ions which are relatively stable in the absence of 
water. The recombination of these ions may be the cause of the 
emission of visible radiation observed by Ellis and Wheeler to occur 
after the passage of the flame. 

These phenomena disappear in the presence of hydrogen, the 
addition of which increases the rate of attainment of thermal 
equilibrium both in and behind the burning layers. 


The authors wish to express their indebtedness to Messrs. 
Brunner Mond & Co., whose grants for apparatus have made the 
above work possible, and to the Advisory Council of the Depart- 
ment of Scientific and Industrial Research for a maintenance grant 
to one of them (C. H. J.). 
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XLI.—A Chemical Method for preparing Carbon 
Hydrosol. 


By Evaren CHIRNOAGA. 


In the course of an investigation on the catalytic decomposition of 
aqueous solutions of sodium hypochlorite, it was found that charcoal 
acts very vigorously. The action is not, however, a purely catalytic 
one, for the charcoal is oxidised with the formation of carbon 
dioxide. It was noticed that when the charcoal was treated 
repeatedly with solutions of the hypochlorite, the liquid acquired 
a yellowish-brown colour and evidently contained a carbon (or 
possibly carbonaceous) sol. In most of the experiments described 
in this paper, a purified form of charcoal was employed, which had 
been boiled with concentrated hydrochloric and hydrofluoric acids 
and repeatedly washed with water until its ash content (mainly 
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silica) was reduced to 0:-2—0-3%. The charcoal had also been 
heated to 900° in a high vacuum and had been used in experiments 
on the adsorption of oxygen gas, by which means any adsorbed 
hydrogen was removed. 

0-3 G. of the charcoal was placed in a flask and 100 c.c. of distilled 
water were added; 5 c.c. of sodium hypochlorite solution (prepared 
from chlorine gas and alkali solution, and approximately M/4 with 
respect to NaClO) were poured into the flask and the mixture was 
rapidly stirred in a thermostat at 25°. Similar amounts of the 
hypochlorite solution were added at intervals of 2—3 hours. The 
concentration of the hypochlorite solution is immaterial, but in 
order to obtain a concentrated sol, a fairly large amount of hypo- 
chlorite is necessary. As the increasing concentration of sodium 
chloride is prejudicial to the stability of the sol, it is best to stop 
the operation from time to time and remove the sodium chloride 
by dialysis before adding more hypochlorite. It is also advisable 
to start with small amounts of charcoal and gradually work up the 
concentration of the sol, The colloidal solution thus obtained is 
now dialysed until it is as free as possible from extraneous electro- 
lytes. In this condition, it reacts neutral to the usual reagents and 
is very stable (no deposition was observed after several months). 
It can be evaporated on the water-bath without undergoing any 
perceptible change, and if the operation be carefully conducted, 
the residue passes back into colloidal solution on the addition of 
water. The colour of the dilute solution is yellow by transmitted 
light, and that of the concentrated sol, viewed in a thin layer, varies 
from burgundy-red to dark brown. The colloid is not destroyed on 
being boiled with concentrated nitric acid. If a little of the sol be 
treated with a few c.c. of concentrated hypochlorite solution, the 
carbon particles are gradually completely oxidised and a clear 
colourless solution is obtained. The solid residue obtained by 
evaporating the dialysed sol at 100° loses about 20% of its weight 
on prolonged heating at 300°, and this loss is probably due mainly 
to the removal of adsorbed water. 

Cataphoresis measurements showed that the sol particles are 
negatively charged (moving towards the positive electrode with a 
velocity of 70 x 10-* cm./sec. under a gradient of 1 volt per cm.). 
It is probable that the negative charge is due to the adsorption of 
chlorine (and possibly hydroxyl) ions. This assumption is sup- 
ported by the high precipitating power of the univalent silver ion 
(see following table). 

Coagulation by Electrolytes—The coagulating power of various 
electrolytes has been measured, and the results are summarised in 
the following table. 
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Coagulation of carbon sol by electrolytes. 


Limiting value Relative coagul- Degree of 
Electrolyte. (millimols. /litre). | ating power. precipitation. 
Not complete. 
Complete. 
Not complete. 


Complete. 
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These results can only be regarded as rough approximations, as 
the minimal values were not always well defined. They confirm 
the cataphoresis experiments, and show that the sol contains par- 
ticles stabilised by the adsorption of negative ions. 

Size of Particles —On the assumption that the carbon particles 
possess the density of graphite (2-16), an ultramicroscopic examin- 
ation of a sol containing 0-325 g. of dry residue per litre gave 60 wu 
for the average radius of the particles. Another sol containing 
0-88 g. of dry residue per litre gave 68 yy for the average radius. 
Some of the particles in these sols must be very small, for a double 
membrane of collodion and parchment paper did not prevent the 
diffusion of a certain amount of the sol. For this reason attempts 
to measure the osmotic pressure did not give constant and steady 
results. It may be remarked, however, that relatively high values 
for the maximum observable pressure were obtained. Thus, in the 
case of a sol containing 0-325 g. of dry residue per litre, the maximum 
osmotic pressure, observed at 25° after several changes of the 
outside water, was equal to 20 cm. of water. 

Carbon Ink.-—If a dialysed sol of carbon, prepared in the manner 
described in this paper, be evaporated on the water-bath, a brownish- 
black, thick liquid is obtained which can be used as an ink. The 
writing has a sepia colour and is resistant to washing and to the 
action of chemical agents. This fact may possess some technical 
value, as it was also found possible to prepare these stable carbon 
sols from unpurified commercial charcoal. 

Theory of Formation of the Carbon Sol.—Although a chemical 
examination of the dry residue obtained from the sols described in 
this paper is reserved for a future communication, it is suggested 
that the particles consist essentially of carbon, and that the form- 
ation of the sol is due to the gradual breaking down or “ etching ” of 
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the surfaces of the particles of charcoal (caused by chemical oxid- 
ation to carbon dioxide) whereby particles possessing vigorous 
Brownian motion are produced, these being stabilised by the adsorp- 
tion of chlorine (or hydroxyl) ions derived from the hypochlorite 
solution. 

Summary. 

1. A carbon hydrosol has been prepared from purified and from 
unpurified charcoal by the oxidising action of solutions of sodium 
hypochlorite. 

2. The well-dialysed sol is very stable and can be evaporated at 
100° without irreversible coagulation. It exhibits all the properties 
of a finely dispersed negative sol. 

3. From these sols a good, brown, carbon ink can be obtained. 


The author desires to express his thanks to Professor F. G. Donnan 
for his interest and help, and to Dr. McKie, of this laboratory, for 
kindly supplying the samples of purified charcoal. 
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XLIV.—The Electro-deposition of Indium with the 
Dropping-mercury Cathode. 


By Setst TAKAGI. 


NUMEROUS investigations with the dropping cathode have been 
carried out by J. Heyrovsky and his collaborators (Phil. Mag., 
1923, 45, 303; Trans. Faraday Soc., 1924, 19, 692; Rec. trav. chim., 
1925, 44, 488—607). The method consists essentially in deter- 
mining from the current-E.M.F. curves the cathode potential 
which corresponds to the deposition of metal (from a solution of a 
metallic salt) at the constantly renewed surface of the mercury 
cathode; in many cases this cathode potential is related to the 
metal-ion concentration in the simple reversible manner indicated 
by the classical Nernst logarithmic equation, and is thus, when 
reduced to normal concentration, characteristic of the particular 
ion. The method is described as being sensitive enough to detect 
many metals in a few c.c. of their aqueous solutions and at con- 
centrations as low as 10-°M, and is obviously capable of many 
useful applications to qualitative and quantitative analysis, as 
indeed Heyrovsky has already shown. The present investigation 
deals with the behaviour of acidified indium trichloride solutions 
when electrolysed with a dropping-mercury cathode, and with the 
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qualitative and quantitative determination of indium by this 
method in the presence of zinc and gallium. 


EXPERIMENTAL. 


Preparation of the Indium Solutions.—The indium was obtained 
from Messrs. Adam Hilger, Ltd., and had been subjected to a 
detailed spectrographic analysis. Its composition was given as: 
In 99-5, Zn 0-4, Na 0-04, Si ca. 0-01, Pb 0-005, Sn ca. 0-001%, with 
traces of Ca, Al, and Mg. 

The solutions were prepared by dissolving the metal in pure 
redistilled hydrochloric acid with the aid of a platinised platinum 
foil, the acid being used in excess to prevent hydrolysis of the 
indium trichloride and also to improve the electrical conductivity 
of the solution. The indium concentration was calculated from 
the known mass of metal dissolved. 

Method and Apparatus.—The procedure described by Heyrovsky 
and Shikata (Rec. trav. chim., 1925, 44, 496) was followed very 
closely. The current—potential curves were obtained by the 
photographic method, and by the use of a “ polarograph’”’ very 
kindly presented to this laboratory by Professor Heyrovsky. The 
sensitivity of the galvanometer used was carefully determined, and 
kept constant throughout the measurements at 1-5 x 10° amp. 
per mm. scale deflexion, the scale being 1 m. distant from the 
mirror. In order to determine the metal deposition point, 7.e., the 
potential corresponding to the “turning point” of the current- 
voltage curve, the 45°-tangent was always used. 

In the following tables, c denotes the concentration of the indium 
trichloride in mols. per litre, H the observed decomposition £.M.f., 
T the observed potential difference of the bottom mercury layer 


(anode) from a standard normal calomel electrode, x’ the deposition § 


potential of indium from the given solution (x) — H = zx’) and ry 

‘the normal deposition potential of indium, i.e., the calculated 
potential at which the ions from a solution containing 1 g.-mol. of 
indium ion per litre would be deposited. Assuming reversible 
deposition and the validity of the Nernst equation, the calculation 
depends on the use of the equation 


t — m = RT'/nF . log Cy/C, where Cy = 1 and n = 3. 


All the measurements described in this paper were carried out at 
room temperature (approx. 17°). 

Indium Trichloride in 0-1M-Hydrochloric Acid.—The results of 
the electro-deposition in 0-1M-hydrochloric acid, but with various 
indium concentrations, are in Table I. For measuring the anode 
potentials, connexion with the normal calomel electrode was made 
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by means of a saturated solution of potassium chloride. It was 
not necessary to use the Bjerrum extrapolation method, since the 
liquid junction potentials were small (1 millivolt or less). All 
potentials are given in volts, 


TABLE I. 


Ez. Tos 7’. TN 
0-5814 +0-0466 —0-5348 — 0-498 
0-5862 ++ 0-0466 — 0-5396 — 0-503 
114 0-6056 + 0-0494 — 0-5562 — 0-500 
114 0-6080 +0-0496 — 0-5588 — 0-503 
11-4 0-6261 -+-0-0480 —0-5781 — 0-503 
1-14 0-6397 + 0-0476 —0-5921 — 0-496 
1310 0-5786 +0-0434 — 0-5352 — 0-499 
131 0-5974 +0-0484 — 0-5490 — 0-494 
13-1 0-6219 + 0-0468 —0-5751 —0-501 
13-1 0-6224 -+0-0474 —0-5750 —0-501 
1-31 0-6386 +0-0472 —0-5914 — 0-499 
1150 0-5856 -+0-0484 — 0-5372 — 0-500 
115 0-6055 -+0-0488 — 0-5567 —0-501 
115 0-6035 +0-0474 —0-5561 —0-500 
11-5 0-6176 -+0-0486 — 0-5690 — 0-494 
10-5 0-6230 +0-0454 —0-5776 — 0-502 
Mean — 0-500 


Table I shows that xy, the calculated normal deposition potential 
of indium ions, remains sensibly constant, although c varies from 
1-14 x 10°? to 131 x 10°. The mean value is —0-500 volt, 
reckoned from the normal calomel zero. These results agree very 
well with similar results obtained by Heyrovsk¥ in the case of many 
other metal kations. It was found in the present case that. the 
turning point in the current-voltage curve almost disappeared 
when the concentration of indium trichloride fell to 10-°M. 

Influence of Hydrochloric Acid Concentration—The results given 
in Table II show that when in a dilute solution of indium trichloride 
the concentration of hydrochloric acid is decreased below 0-1, the 
calculated value of zx becomes less negative, and the turning point 
in the curve becomes indistinct and finally disappears. The effect 
of adding potassium chloride to the weakly acid solutions is to 
restore the turning point, although with diminishing concentration 
of potassium chloride the calculated value of zy becomes increasingly 
more positive. The effect of diminishing the hydrochloric acid 
concentration cannot be attributed to hydrolysis of the indium salt, 
as this should make the deposition potential more, and not: less, 
negative. 

It appears from these results that both potassium chloride and 
hydrochloric acid, since they make the potential more negative, 
diminish the activity of the indium ions. The effect of higher 
concentrations of hydrochloric acid is shown in Table III. In 
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TABLE II. 
Constant concentration of InCl, = 1-15 «x 10-* M. 


Solution. E. To: w’. TN. 
0-01 M-HCl 06521 +0-096 — 0-556 — 0-481 
0-004M-HCl Turning point indistinct. 

0-001M-HCl No turning point observable. 


0-1 M-KCl\ ris ud 
0-001M-HC1 J 0-6128 +0-0488 — 0-564 0-489 


DOOLMHCIY 06483 +-0-098 — 0-550 —0-475 
0-05 M-KC1) 
0-001M-HCI fs 
0-001M-KCl) 
0-001M-HCI f 

these strongly acid solutions the liquid junction potential became 

of more importance. The results from which the calculated values 
of zy are placed in col. a were obtained when a saturated potassium 
chloride solution was used in measuring the anode potential, whilst 
those carried into col. b were obtained by using saturated and 
half-saturated solutions and applying the Bjerrum extrapolation 


method. 


06445 +0-116 — 0-529 — 0-454 


No turning point observable. 


TABLE ITI. 


T. 
! — 0-5685 —0-512 
0-5903 . — 0-5647 = 
satis — 0-5894 —0°515 — 
0-5958 : —0-5146 — — 0-502 
0-6013 4 —0-6023 — 0-528 = 
; —0:5797 — 0-542 oer 
0-5509 ' —0-5701 — — 0-533 
= —0-5974 —0-541 ie 
0-5684 “05 —0-5892 — — 0-533 
lid — 0-6216 — 0-546 — 
0-5846 ‘ —0-6176 <e — 0-542 
: — 06462 — 0-552 mas 
0-6068 + f —0-6406 se — 0-546 
; —0-6147 — 0-558 


— 0-508 


106 ; one —0-5951 ier —0-539 
—0-6445  —0-569 une 


10°5 d 0-5385 j —0-6289 — 0-553 


105: 0-5594 ee ee 

It will be seen from Table IIT that the effect of increasing the 
hydrochloric acid concentration is to make the value of the normal 
deposition potential more negative, 7.e., to decrease the activity of 
the indium ions. This is in agreement with the results obtained 
by diminishing the hydrochloric acid concentration (Table II). It 
is possible that the addition of hydrochloric acid (or of potassium 
chloride) to the indium trichloride solution tends to produce anionic 
complexes containing indium, and thus to reduce the concentration 
of the simple indium kations. 
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The Influence of Sulphate Ions.—Some experiments were made in 
the presence of zinc sulphate, in order to test the applicability of 
the present method to the detection of indium in metallic zine. 
These results are shown in Table IV. It is noteworthy that in the 
presence of 0-045M-zinc sulphate and 0-01.M-hydrochloric acid, the 
turning point entirely disappears from the polarisation curve of a 
1:31 x 104M-indium chloride solution, but reappears when the 
hydrochloric acid concentration is increased to 0-1M. In the latter 
case the normal deposition potential agrees well with that found in 
a solution containing only 0-1M-hydrochloric acid (in addition to 
the indium chloride). It will also be observed from the table that 
potassium sulphate acts similarly to zinc sulphate. The disturbing 
effect is therefore due to the sulphate ion, which, in the presence of 
an insufficient concentration of hydrogen ions, appears to remove 
indium ions, probably in the form of a basic salt. Inthe 1-31 x 10% 
¥-solution of indium chloride, however, the turning point was 
obtained even in the presence of 0-045M/-zinc sulphate and 0-01M- 
hydrochloric acid, and the corresponding normal deposition potential 
agreed well with that of a solution of the same composition in 
the absence of zinc sulphate. 


TABLE IV. 
x 0. Solution. E. Ty: wT’. TN. 
O65 oa 0-6377 40-0986 0-539 —0-484 


No turning point for indium. 
No turning point for indium. 
0-6278 + 0-0524 — 0-575 
0-6437 + 0-0532 — 0-590 
No turning point for indium. 
No turning point for indium. 


5M- 0 06274 +0:0534  —0574  —0-500 

Estimation of Indium in Metallic Galliwm.—The sample of gallium 
was obtained from Messrs. Adam Hilger, Ltd. From the results 
of chemical and spectrographic analysis it was reported to contain 
08% of indium. 0-1227 G. of this metallic gallium was dissolved in 
hydrochloric acid so as to yield 10 c.c. of a solution of the chloride 
in 0-1M-hydrochloric acid. When this solution was electrolysed 
with the dropping-mercury cathode, the turning points corresponding 
to the indium ion and the hydrogen ion were obtained on the 
current-voltage curves. Since the deposition potential of gallium 
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is near to that of hydrogen, but more negative, no turning point 
due to gallium ion is observable in the acid solution. For the 
turning point due to the indium ion the results were as follows; 
E = 0-6167 volt, m = + 0-0402 volt, x’ = —.0-5765 volt. From 
the equation given on p. 302, by substitution of my= — 0-500 and 
Cy = 1, the molar concentration of indium in the solution was 
found. to be 0:00094. Hence the indium content of the gallium 
metal was 0-88%. 
Summary. 


1. The electro-deposition of indium at the dropping-mercury 
cathode from solutions of the trichloride in 0-1M-hydrochloric acid 
was found to proceed reversibly in conformity with the Nernst 
logarithmic equation. 

2. The normal deposition potential of the indium ion in the above 
solution was found to be —0-500 volt, with reference to the normal 
calomel electrode. 

3. The normal deposition potential was found to depend on the 
concentration of the hydrochloric acid, being more negative the 
higher the concentration. 

4. Aremarkable effect on the deposition potential due to sulphate 
ion was observed and investigated. 

5. The present method can be applied to the detection and estim- 
ation of indium in metallic zine and gallium. For this purpose, the 
metals should be dissolved in hydrochloric acid and the free acid 
concentration should be 0:1M. The minimum concentration of 
indium chloride which can be detected and estimated in this manner 
is 10-° mol. per litre. 

6. The deposition potential of gallium cannot be determined in 
acid solutions. 


This investigation was carried out while the author was a Ramsay 
Memorial Scholar. The author desires to express his thanks to 
Professor F. G. Donnan for kind advice and assistance. 
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XLITI.—Studies of Valency. Part VIII. Extinction 
Coefficients and Molecular Conductivities of Ver- 
non’s Isomeric a- and B-Dimethylielluronium Salts. 
The Molecular Structure of Quadrivalent Tellurium 
Compounds. 


By Tuomas Martin Lowry, (Mrs.) Rosz R. Goipsrxm, and 
FrRanK LatTHE GILBERT. 


Frew substances possess a greater interest from the stereochemical 
point of view than the isomeric tellurium compounds prepared by 
Vernon in 1920 (J., 1920, 117, 86, 889; 1921, 119, 105, 687). The 
initial product, «-dimethyltelluronium di-iodide, TeMe,I,, prepared 
by the direct action of methyl iodide on tellurium (Demargay, Bull. 
Soc. chim., 1883, 40, 99) is a dark-red solid, the salt-like character of 
which was demonstrated by Vernon, who converted it by the action 
of silver oxide into an “ «-base,’’ to which he assigned the formula 
TeMe,(OH),. When the solution was evaporated to dryness, this 
a-base was converted into an anhydrous “ 6-base,’’ TeMe,O, which 
gave a series of isomeric $-salts, such as the @-di-iodide, when acted 
on by acids. No process was discovered by which the ®-base or 
its salts could be reconverted directly into the «-compounds, but 
both bases gave the same dimethyltelluride on reduction, and on 
reoxidation a mixture of both bases was produced, although only 
the «-dihalide was formed when the telluride combined with a 
halogen. These isomeric bases behaved differently towards silver 
nitrate, ferrous and ferric chlorides, platinic chloride and picric 
acid; moreover, whereas the «-di-iodide gave oxy-iodide when 
treated with potassium carbonate, the §-di-iodide gave rise to 
trimethyltelluronium iodide, TeMe,I, as the result of a wandering 
of a methyl group, which may be compared with the pinacol- 
pinacolin transformation. -Since, however, their general physical 
and chemical properties resembled one another somewhat closely, 
Vernon concluded that the two series of compounds were stereo- 
isomerides; and, since the «-base was converted into the anhydride 
of the B-base by dehydration, he identified the «-salts as the trans- 
and the 8-salts as the cis-form of a quadrivalent complex with a 
planar or square configuration. 

With the possible exception of the $-base, these tellurium com- 
pounds do not possess any marked odour; but they have the object- 
ionable property of liberating dimethyltelluride by a slow progressive 
reduction, the effects of which may persist for long periods after con- 
tact with the original materials. The conditions which Vernon 
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endured from this cause were indeed so intolerable that no further 
work on these compounds was attempted after the publication of 
his last paper in 1921, and it is only the fact that Vernon’s ow 
specimens were still in existence that led us to undertake the much 
less odious task of measuring their absorption spectra and molecular 
conductivities, without attempting to make any new material 
At a later stage, when we had used up most of Vernon’s specimens 
we were fortunate in being able to secure from Dr. Alexander Scott 
an additional 20 grams of the «-di-iodide, and from this material a 
complete series of new specimens of the «- and $-salts was prepared. 

The identity and purity of Vernon’s specimens, which had been 
enclosed in sealed tubes and labelled, were guaranteed by their 
colour and beautiful crystalline character, but were also checked by 
melting-point determinations, which agreed precisely with Vernon's 
values. Only the $-di-iodide, which showed signs of decomposition, 
was recrystallised before being used. The purity of these specimens 
was also checked by comparison with fresh preparations from 
Dr. Scott’s di-iodide, the only point of contrast being that the 
brilliant scarlet colour of Vernon’s crystals of the «-di-iodide was 
not equalled in any other specimen. The §-dichloride, which 
Vernon described as ‘tinged ’’ (but of which there was no specimen 
in his collection), was obtained quite free from colour, although with 
a rather lower melting point. 


Absorption Spectra. 

The striking difference in colour of the «- and $-dihalides shows 
that the isomerism of the «- and $-compounds must include some 
factor which is not expressed completely by merely putting two 
halogen atoms and two alkyl radicals at adjacent or at opposite 
corners of asquare. Vernon himself (J., 1920, 117, 86) showed that 
the @-compounds are more absorptive than the «-compounds in the 
ultra-violet as well as in the visible region of the spectrum ; but it is 
difficult to assign any definite value to his transmission limits, in 
view of the fact that he did not detect the selective absorption 
which is the most striking characteristic of four out of six of these 
absorption spectra. The extinction coefficients of all the relevant 
compounds in Vernon's collection were therefore measured, but 
excluding in the first instance the @-dichloride, of which no specimen 
had been preserved. 

These compounds were examined in M /100 to M/10,000-solutions 
in absolute alcohol, by methods which have already been described 
(J., 1924, 125, 1921). When, however, the measurements of 
molecular conductivity had revealed the extreme sensitiveness of 
the dihalides to hydrolysis, even in the cold, the precaution was 
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taken of plotting a fresh series of curves for a complete set of new 
samples prepared from Dr. Scott’s iodide, but using as solvent a 
sample of alcohol which had been purified by distillation in an all- 
glass apparatus from freshly burnt lime (three times) and from a 
mercury—aluminium couple (twice), and was shown by density 
eterminations to contain less than 0-1°% of water. Slightly higher 
alues were then obtained for the molecular extinction coefficients 
of some of the solutions, but without change in the form or character 
of ihe curves. On the other hand, when an alcoholic solution of the 
2-di-iodide was diluted with four times its volume of water, the 
maximum at 4 = 3570, log « = 3-7, was reduced to a mere step- 
out at log ¢ = 2-4, the absorptive power of the solution being reduced 
about 20-fold and the highly selective character of the absorption 
being largely destroyed. It is therefore possible that Vernon's 
failure to detect any selective absorption may have been due in part 
to a hydrolysis, which we should not have suspected if we had not 
measured the conductivities as well as the absorption spectra of 
the salts. 
TABLE [. 


Extinction Coefficients of Quadrivalent Tellurium Compounds. 


Log « = 1-0 2-0 3-0 

TeMe,I = 2700 2600 2500 
a-TeMe,Cl, A= 3000 2800 2600 
8-TeMe,Cl, A= 3400 2900 2750 
a-TeMe,Br, Step out at A = 2800 to 2600, log e = 3-7 

8-TeMe,Br, A = 2850 to 2650, log e = 4:0 

a-TeMe,I, Maxima at A = 3570, log « = 3-7; A = 2840, log « = 4-05 
8-TeMe,I, a A = 3660, log e = 3-8; A = 2900, log e = 4-25 
a-TeMe,I, = A = 3610, log e = vie *3; A = 2900, log e = 45 
KI, ee A = 3550, log e = 3-9; A = 2900, log e = 3°95 
CHI, 5 A = 3450, log e = 3-4; A = 2940, log e = 3:5 


The new absorption curves are plotted in Fig. i, and some of 
the more important extinction coefficients are set out in Table I. 
These observations show that, in spite of the marked differences in 
colour and in absorptive power to which reference has already been 
made, there is a fundamental similarity of type in the absorption 
spectra of the isomeric «- and $-compounds. For instance, the «- 
and 2-dichlorides resemble trimethyltelluronium iodide in exhibiting 
only a general absorption of moderate intensity. The dibromides, 
however, both exhibit a well-marked “ step-out,’’ which is not shown 
by the dichlorides; thus, the molecular extinction coefficient of 
the «-dibromide remains almost constant at log « = 3-7 over a 
range of 200 A. from 2600 to 2800 A. and, in the same way, the 
extinction coefficient of the 8-compound remains almost constant 
at.log « = 4-0 over a similar range of wave-lengths. The most 
interesting compounds of the group are, however, the «- and §-di- 
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iodides, both of which give the characteristic twin maxima which 
we have already recorded in the absorption spectra of iodoform and 
of potassium tri-iodide (J., 1926, 622). This result is in marked 
contrast with the behaviour of methylene di-iodide, CH,I,, which 


Fig. |. 


loge 


10 
= 5000 4000 20004. 
Molecular extinction coefficients of quadrivalent tellurium compounds. 


shows only a single maximum; it therefore gives additional force 
to Vernon’s contention that “the relationship between the four 
tellurium valencies must be different from that generally assumed 
to exist between the carbon valencies in such a compounds 
methylene iodide.” 
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The «-tetraiodide, TeMe,I,, also gives two maxima, which agree 
fairly well in wave-length and intensity with those predicted for a 
mixture of one molecule of the «-di-iodide with one equivalent of 
the tri-iodide ion, the values for the latter being deduced from 
unpublished data for alcoholic solutions of the crystalline periodide, 


(,H,Br‘NMe,I,. The tetraiodide can therefore be formulated in 


the usual way as the tri-iodide of a univalent kation, [‘TeMe,T jl, 
in harmony with Vernon’s conclusion that, since the «-di-iodide 
can be reproduced unchanged by removing a molecule of iodine from 
the tetraiodide, the latter compound does not contain sexavalent 
tellurium. It is noteworthy, however, that, whereas one atom of 
iodine in the «-di-iodide can be converted into a periodide, the 
second atom of iodine does not yield a tri-iodide radical, even when 
acted on by an excess of iodine, and that the 8-di-iodide does not 
yield even a tetraiodide under similar conditions. 


Molecular Conductivities. 


The molecular conductivities of these compounds were determined 
in order to ascertain whether the dihalides behave as binary or as 
ternary electrolytes,* since it was expected that, if they were binary 
electrolytes, the limiting conductivities would be of the same order 
as in the case of tetramethylammonium chloride, which gives 
AS = 46°3 + 76-55 = 122-8,7 whereas if they were ternary 
electrolytes, the limiting conductivities might be nearly twice as 
great, since the hydrochloride of ethylenediamine, 


CI[NH,-CH,-CH,-NH,|Cl, 
gives A = 80-9 + 2 x 76-55 = 234-0. 

For these conductivity measurements a calibrated wire-bridge 
was used. Most of the measurements were made with conductivity 
cells which had been used by Bousfield and Lowry (Fig. 8, Phil. 
Trans., 1905, A, 204, 298) when determining the conductivity of 
standard solutions of sodium hydroxide. Duplicate determin- 
ations in two different cells gave concordant results; but, since the 
dilutions were made by the ordinary volumetric and not by gravi- 
metric methods, these results are not to be regarded as standard 
.Biata. Only integral values have therefore been given for the 
molecular conductivities of the solutions. The conductivity water 
was prepared in a Bousfield still and had a specific conductivity of 
1 to 2 gemmhos. 


* Compare Schilow’s proof (Z. anorg. Chem., 1924, 188, 59) that mercurous 
nitrate is a ternary and not a binary electrolyte. 

+ There is very little difference between the three halogen ions, since Cl = 
16-55, Br = 78-44, I = 77-2 at 25°. 
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The chief difficulty of the conductivity measurements arose from 
the sparing solubility of the salts in water. Vernon records that 
‘on prolonged boiling’ the «-di-iodide gives “‘an orange-red 
solution ’’ which, on cooling, redeposits the iodide, leaving a per. 
fectly colourless liquid, but that a “‘ curious state of equilibrium” 
between the «-base and hydriodic acid results when a boiling 
saturated solution of the iodide is poured into a large excess of cold 
water. Under these conditions, a “fine yellow precipitate is 
formed”’ which quickly disappears, giving rise to a colourless solution, 
from which the iodide is at once precipitated on the addition of 
hydriodic acid. Vernon attributed these complex changes to 
hydrolysis of the iodide according to the equation TeMe,l, + 
2H,O == TeMe,(OH), + 2HI; but the complexity of the pheno. 
mena suggested that this rather drastic treatment would not be 
likely to provide suitable conditions for a quantitative study of the 
conductivity of the undecomposed salts. We therefore chose, asa 
lesser evil, to dissolve the salts in the minimum amount of alcohol, 
and to drown the alcoholic solutions in cold conductivity-water, 
with the idea that the presence of a small proportion of alcohol 
would not alter the conductivities to such an extent as to prevent us 
from recognising the type of electrolyte with which we were dealing. 
Moreover, although the changes produced by heating the salts with 
water were obscure, there were sufficient data already available to 
show that the effect of alcohol on the conductivity of an aqueous 
electrolyte is about twice as great as its concentration; and in the 
same way, measurements of the vapour pressure of aqueous alcohol 
show that the effect of alcohol on the activity of the water is rather 
less than half as great as its concentration. The total effect pro- 
duced by the presence of 2°% of alcohol in the solution would there- 
fore be to reduce the molecular conductivity of the salt by about 
5%; moreover, since the proportion of alcohol was halved at each 
successive dilution, the conductivities of the weaker solutions would 
approximate more and more closely to those of solutions in pure 
water. 

After most of Vernon’s material had been used, a sufficient 
quantity of his «-di-iodide was left for an experiment on the 
‘* curious equilibrium ”’ which is produced when the salt is hydrolysed 
by boiling water. A small quantity of the «-di-iodide was heated 
with water until it dissolved, and then poured into cold water: 
after the yellow precipitate had redissolved, the conductivity o 
the hydrolysed solution was measured. The values recorded agreed 
closely with those that had been obtained by diluting cold alcoholic 
solutions with a large excess of cold conductivity water, when the 
latter values were increased by 2} times the percentage of alcohol 
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which each solution contained. Thus, for the x-di-iodide, the 
following values were obtained : 


v = 512 litres. 1024 litres. 2048 litres. 4096 litres. 
Without aleohol A™=° = 6§01(0) 509(0) 513(0) 517(0) 
509(0) 511(0) 513(0) 515(0) 
506(4) 515(2) 517(1) 515(0-5) 
502(2°5)  510(1-25) 513(0°6)  —516(0-3) 
505 510 514 516 


The percentage of alcohol in each solution is shown by the figures 
in brackets. The corresponding figures for the «-tetraiodide are: 
with alcohol (corr.) 482(4), 489(2), 494(1), 495(0°5). 

These experiments showed that the hydrolysis of the di-iodide 
gives rise to the same final equilibrium, whether the solution is 
prepared by dilution with water from an alcoholic solution of the 
unhydrolysed salt, or by cooling a hot aqueous solution, in which 
hydrolysis may have proceeded far beyond the normal limits of 
hydrolysis at lower temperatures. This discovery opened the way 
for a new series of confirmatory experiments, as soon as additional 
material became available. Aqueous solutions of the «- and 
j-bases were therefore prepared from Dr. Scott’s specimen of the 
di-iodide, by the methods described by Vernon. A complete series 
of six normal salts was then made by adding the halogen acids to 


the bases, and recrystallising the precipitated salt from alcohol. 
Finally, aqueous solutions of the six corresponding hydroxy-salts 
were prepared by mixing an aqueous solution of the «- or 8-base 
with an equivalent quantity of the normal salt. The conductivities 
were then measured, without the use of any alcohol, by the methods 
described above. The molecular conductivities thus determined 
are set out in Table IT. 


TABLE IT. 
Molecular Conductivites of Quadrivalent Tellurium Compounds at 25°. 


(a) Normal! salts. 
Compound. v= 256. 512. 24, 2048. 4096. 
i 111 é (Bredig) 
516 
507 512 519 520 
102 114 115 
500 é 509 510 
95 97 104 
503 i 512 
97 5 106 
515 5 515 
109 | 109 
505 5 514 
100 5 109 
5C4 t 526 
99 } 121 
112 
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TaBLeE IT (cont.). 
(b) Hydroxy-salts. 
Compound. 256. 512. 1024. 2048. 4096. 


a-TeMe,(OH)Cl 103 106 108 111 11] 
111 117 123 127 131 


a-TeMe,(OH)Br... 107 1075 = 111 114 119 
113 119 126 131 132 


a-TeMe,(OH)I ...... 103 107 109 111 lll 
; 122 129 133 136 


(c) Free bases. 
Compound. 16. 32. 64. 128. 256. 6512. 1024, 
a-TeMe,(OH), 1-9 2-2 2-6 2-9 3-4 43 60 
- 33 34 35 36 37 37 
(a) Normal salts. ‘The measurements recorded above showed that 
the equivalent conductivity of the dihalides, instead of rising toa 
maximum of 120 or 240, as in the case of a binary or ternary 
electrolyte, attained to values which exceeded 500. A precedent 
for these unexpected results was discovered in the molecular con- 
ductivities at 25° of the analogous alkyl derivatives of phosphorus, 
arsenic and antimony (Hantzsch and Hibbert, Ber., 1907, 40, 
1513), some of which are set out below for comparison with the 
conductivity data of Table IT. 
= 64. 128. 256. 512. 1024. 
402 405 405 406 406 

535-3 549-5 562-5 565-9 

130-3 144-5 156-5 159-9 

510-0 524-7 536-2 559-6 

105-0 119-7 130-2 153-6 

509-3 513-2 518-0 521-0 

104-3 108-2 112-0 115-0 

= 160 320 640 1280 

SbMe,(OH)Br 201: 211-8 220-6 231-2 2439 
Since all these abnormalities can be attributed to hydrolysis, we 
have included in Table II a series of values for the swum of the 
molecular conductivities of trimethyltelluronium chloride and hydro. 
chloric acid, in order to show the order of magnitude of the con- 
ductivities that would be produced by complete hydrolysis of ont 
halogen according to the equation TeMe,Cl, + H,0O = 
TeMe,(OH)Cl + HCl. For similar reasons, values are given for the 
observed molecular conductivities minus the molecular condu- 
tivity of one molecule of the halogen acid, in order to show how much 
of the conductivity must be attributed to the hydroxy-halide, m 
the supposition that one equivalent of halogen has been converte 


” 


completely into hydrogen halide by hydrolysis. In these calculi 


ations, the older values for the equivalent conductivities of tht 
halogen acids were used, since the later values depend on the use d 
conductivity water of higher quality than could be maintained 
when the solutions were heated, etc. 


(b 
the s 
salts 
whe 
as al 
each 
shou: 
was 

N/12 
mixer 
from 


etallic 


STUDIES OF VALENCY. PART VIII. 315 


(b) Hydroxy-halides. The hydroxy-halides are not known in 
the solid state, since they separate from solution in the form of oxy- 
salts. Their existence in solution is proved by the facts that (i) 
when the free bases are titrated with methyl-orange or methyl-red 
as an indicator, only one molecule of acid is required to neutralise 
each molecule of base; for example, a solution of the base, which 
should have been M/12-3 if a theoretical yield had been obtained, 
was found to be N/11-6 when titrated with methyl-orange and 
V/12-9 with methyl-red ; (ii) the molecular conductivities of these 
mixed solutions bear no relationship to those of the acid and base 
from which they were prepared, but have the normal magnitude for 
a strong binary electrolyte; for example, a solution of the «-base 
which had been titrated with hydrobromic acid to the point of 
neutrality to methyl-orange gave the following conductivities : 


, = 72 144 288 576 1152 2304 
Ae = 108 112 116 119 121 124 


These values have been corrected for the conductivity of the water 
used for dilution, but are subject to errors arising from the presence 
of the indicator, and of conducting impurities in the standard 
acid used for titration. In order to avoid these errors, the solutions 
for conductivity measurements were prepared by adding an equi- 
molecular solution of the normal salt to a solution of the base which 
had been standardised by titration. In this way, the halogen 
content of the solutions was fixed by direct weighing of a crystal- 
line salt, and any uncertainty as to the correct end-point or choice 
of indicator would only affect the concentration of the weak base 
with which the salt was mixed. The conductivities of the hydroxy- 
halides, prepared in this way, are set out in Table II, where they 
may be compared with Bredig’s values for trimethyltelluronium 
chloride and with our own values for the iodide, TeMe,I. It will 
be seen that the elimination of the molecule of acid, which is produced 


By the initial hydrolysis of the normal salts, has had very little 


elect on the conductivity of the hydroxy-halides, which do not 
appear to undergo any marked further hydrolysis even when diluted 


@vith a large volume of water. 


tained 


(c) Free bases. These were examined in the first instance in 
oder to determine whether they were monoacid bases like 
potassium hydroxide or diacid bases like barium hydroxide. It was 
hought that in this way the complications which had arisen from 
hydrolysis in the study of the normal salts might be avoided. This 
hope was frustrated, since the conductivities of the free bases were 
ts much below those of the ordinary metallic hydroxides as those of 
he dihalides were above the conductivities of the corresponding 

etallic salts. The conductivities are in fact of the same order as 
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those of a weak base like ammonia. The two bases are therefor 
‘‘weak electrolytes” and not (as we had expected) analogous with 
the completely ionised alkalis; but we are not prepared at present 
to make any further statement in reference to the strength of the 
two bases, which we propose to investigate by electrometric 
methods. 

The most striking feature of the preceding measurements is the 
steadiness of the molecular conductivities both of the normal and 
of the hydroxy-salts at high dilutions. The limiting value at 
infinite dilution, towards which the equivalent conductivities of the 
normal salts tend, is not that of two molecules of the halogen acid 
and one molecule of the free base (which would give a limiting value 
A®" >800), but agrees very well with that of one molecule of acid 
with one molecule of the hydroxy-salt (say A”° = 405 + 120), 
The narrow range of molecular conductivities (from A”° = 490 to 
520 at v= 256 to 4096) shows that, whereas the first halogen is 
hydrolysed with extraordinary ease and completeness even in the 
more concentrated aqueous solutions, the second is not hydrolysed 
to any appreciable extent even in the most dilute solutions. The 
hydrolysis of both halogens, which Vernon represented by the 
equation TeMe,I, -+- 2H,O = TeMe,(OH), + 2HI, does not appear 
to take place to any marked extent even on extreme dilution. Mor 
remarkable still is the fact that no appreciable hydrolysis occur 
when the equivalent of halogen acid, which is set free in the first 
stage of hydrolysis, is removed from the solution. This is proved 
by the fact that the molecular conductivities of the hydroxy-halides 
tend towards a limiting value which agrees very well with that ofa 
typical binary electrolyte, say A®®° = 100 to 150, whereas, if the salt 
were hydrolysed in solution to one molecule of acid and one molecule 
of base, we should expect to find A > 400. 


Molecular Structure of Quadrivalent Compounds of Tellurium. 


Although the facts set out above have been established by 3 
complete series of duplicate determinations with new material, 
the interpretation to be put upon them has already become a matter 
of controversy, since the reading of the paper has been followed by 
two alternative suggestions as to the formulation of the quadrivalent 
compounds now under consideration. The point at issue refers t0 
the size of the electron shell, which (including one “ lone pair” ¢ 
unshared electrons) would contain 10 electrons in a 4-covalet! 
compound [TeX,], 8 electrons in a 3-covalent compound [TeX,]i, 
and 6 electrons in a‘2-covalent compound [TeX,]X,.* 

* The series need not be carried further, since the compounds now unde! 
consideration all contain two methyl groups attached to the metal. 
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(i) Ten-electron shells. Sidgwick states that tellurium “has 
been proved to give 4-covalent compounds in which all the groups 
lie in a plane ”’ (“‘ Electronic Theory,” p. 231); but it is not obvious 
on what facts the “‘ proof ” of this statement depends, since quadri- 
valent tellurium differs from tin and lead mainly in that it does 
not form any quadricovalent compounds to correspond with tin 
tetraethyl or lead tetraethyl. For instance, of a series of 26 alkyl 
and aryl derivatives of tellurium prepared by Lederer (Compt. rend., 
1910, 151, 611; Ber., 1911, 44, 2287; 1916, 49, 1615, et seq.; 
Annalen, 1912, 391, 326) not a single one contains more than three 
of these radicals (compare also Morgan and Burgess, this vol., p. 321). 
This fact provides a priori evidence that the expansion of the octet 
into a 10-electron shell * is a difficult operation, and warns us to 
look with suspicion on any formula in which this configuration is 
postulated, especially with radicals which can be ionised more readily 
than methyl. The fact that the trialkyltelluronium halides [TeR,|X 
are “ strong electrolytes,’’ like [NMe,|Cl, provides further evidence 
that the formation of a fourth bond is resisted by the greater 
stability of the octet as compared with a 10-electron shell; it would 
indeed be unreasonable to expect that a halogen ion, which already 
carries a complete octet, should force its way into the complete octet 
of an atom of tellurium, which cannot provide an additional bond 
to hold a fourth alkyl group. 

(ii) EHight-electron shells. In order to maintain the octet rule when 
four covalent 2-electron bonds would lead to a shell of 10 electrons, 
Sugden has suggested (Chem. and Ind., 1927, 46, 540) that the 
halogen may be held to the metal by 1-electron bonds, as in the 
formula a> Tech: Since the evidence for these pairs of 1-electron 
bonds, even in the cases of phosphorus pentachloride and antimony 
pentachloride, rests upon a theoretical interpretation of the parachor 
(which has not yet been confirmed by experiment), this formula may 
be regarded merely as an alternative scheme for attaching both 
halogens to the metal to form a covalent molecule, and so enabling 
the salts to function as “‘ weak electrolytes.’ + If, however, we wish 
to maintain both the duplet and the octet in this series of compounds, 
we are limited to a formula, [TeMe,X |X, which embodies the novel 


* The formation of a 12-electron shell in sexavalent compounds such as 
sulphur hexafluoride and tellurium hexafluoride is not disputed; and the 
quadricovalency already postulated in the ‘‘sexavalent’’ oxy-compounds of 
sulphur (T'rans. Faraday Soc., 1923, 18, 289), can obviously occur also in the 
analogous compounds of tellurium. 

+ For a discussion whether the small conductivity of certain salts in non- 
aqueous solvents is due to covalent molecules, strongly deformed ions, or 
ion pairs, see Ulich (Trans. Faraday Soc., 1928, 24, 27). 

M 
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characteristic that, although both halogens may be ionisable in 
turn, only one of them can be ionised at a time. Thus, we may 
write the hydroxy-halides as [TeMe,XJOH, in which case they 
would be bases like [TeMe,]OH, or as [TeMe,*OH]X, in which case 
they would be binary salis. A given molecule could.then have the 
structure either of a base or of a salt, and could probably exercise 
both functions alternately; but it could not split off a hydroxyl and 
a halogen ion simultaneously, except by forming an unstable 
6-electron shell. 

(iii) Six-electron shells. Finally, the dihalides may be regarded 
as salts of a diacid base, and formulated as [TeMe,]X,. This is 
the most plausible way of expressing Vernon’s statement that 
‘both atoms of halogen are ionisable,’’ although (as was natural at 
the time when his papers were published) he did not make any 
distinction between polar and non-polar bonds. 

(a) Hydroxy-halides—In discussing the molecular structure of 
this series of compounds, it is convenient to consider first the 
«-hydroxy-halides on account of the very close analogies which 
they present with the trimethyltelluronium halides. 

(i) The hydroxy-halides behave as neutral salts which, prepared 
as described above, are not hydrolysed to any large extent, even at 
the highest dilutions. 

(ii) They also behave as strong electrolytes. For example, whereas 
the chloride, TeMe,Cl, gives A**° = 103 to 112 at v = 64 to 1024, 
and the iodide, TeMe,I, gives A®° = 110 to 116 at v = 256 to 1024, 
the three «-hydroxy-halides give values for A®®° ranging from 103 
to 119 at v = 256 to 4096. The conductivities of the salts also 
appear to be additive functions of those of their ions, since they 
can be interpreted on the assumption that the ion [«-TeMe,*OH] + 
has a mobility of about the same magnitude as [TeMe,]*, the 
slightly higher conductivity of the bromide being in agreement with 
the slightly greater mobility of the bromide ion as compared with 
the chloride and iodide ions. 

(iii) This additive relationship also extends to the colour of the 
solutions, since the striking contrast which exists between the 
absorption spectra of the unhydrolysed dihalides, when examined 
in alcoholic solutions, disappears when these compounds are 
hydrolysed to the corresponding hydroxy-halides by dissolution 
in water. In particular, the “ iodoform band,” which distinguishes 
the di-iodides from the dibromides and dichlorides, is entirely 
lacking in the case of the «-hydroxyiodide, which gives only 4 
general absorption (loge = 2°5 at 2600 A.) of about the same 
intensity as that of the dichlorides. 

The §-hydroxy-halides also behave as strong electrolytes and 
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neutral salts, which do not undergo any marked hydrolysis in 
solution. The slightly higher conductivities of the $-salts shown in 
Table II cannot be attributed to unequal mobility of the kations 
(a-TeMe,*OH]*+ and [§-TeMe,-OH]*, since this difference should 
appear also in the conductivities of the hydrolysed normal salts. 
We suspect that it may depend on some small difference in the end- 
point when two weak bases of unequal strength are being titrated ; 
but this difference is not large enough to affect any of the arguments 
that are used in the present paper. Since, therefore, both series of 
hydroxy-halides behave as neutral, strong electrolytes, we have no 


hesitation in assigning to them the general formula * (‘TeMe,-OH]X. 

(b) Dihalides—The study of the dihalides is rendered difficult 
by the fact that they are hydrolysed almost completely by water, 
even when an excess of free acid is present; it has therefore been 
impracticable to determine the conductivity of the unhydrolysed 
salt by Schilow’s method of using a dilute acid as solvent. As we 
have no direct knowledge of the conductivity of the dihalides in 
aqueous solutions, we can only speculate that, since no important 
change of conductivity is produced when CH, is replaced by OH 
(although this involves the replacement of a “ positive” by a 
“negative ” radical), the further replacement of OH by Cl, Br or 
I would not be likely to alter the conductivity in any fundamental 
way; in particular, the introduction of a second easily ionised radical 
would not be likely to impede the ionisation of the salt to such an 
extent as to convert the strong electrolyte into a weak electrolyte 
or a non-electrolyte, if it could be examined in water in an un- 
hydrolysed state. Mere analogy therefore suggests that the dihalides 
should be formulated after the model of the trimethyl- and hydroxy- 
halides, as [TeMe,X]X ; this is also in harmony with the formulation 
of the «-tetraiodide as [TeMe,I]*I,-. 

This unsymmetrical formula is the only one which will account 
simultaneously for the colour of the salts and for their conductivity 
ina medium such as acetonitrile; but, if two formule are assigned 
to each compound, it is obviously possible to use the 10-electron 
formula to account for the colour, and the 6-electron formula to 
account for the ionisation of the dihalides; or we may postulate a 
dynamic equilibrium between the form represented by the unsym- 
metrical octet formula, [TeMe,X]X, and a valency-isomeride repre- 
sented by Sugden’s symmetrical octet formula. These alternative 
hypotheses, however, all involve an increase in the number of 


* It is, however, possible that the neutral hydroxyl groups may give rise 
even in aqueous solution, to oxides similar to those which are formed when 
the solutions are evaporated to dryness. 
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arbitrary variables that are used to express the behaviour of the 
salts and we are not yet convinced that this is necessary. Thus 
the hypothesis that both halogens are ionisable simultaneously 
could only be justified by evidence, which we have not yet found, 
that the salts (or the bases from which they are derived) can behave 
as ternary electrolytes; and, although the dissimilar behaviour of 
the two halogens towards water does not afford positive proof of 
the unsymmetrical formula (since a similar contrast exists between 
the behaviour of two halogens in ««’-dibromocamphor, where no 
difference of linkage need be suspected), it is nevertheless of vital im- 
portance, because, if no more contrast had been found than that which 
exists between the two halogens of calcium chloride or methylene 
iodide, there would be no justification for placing one atom inside 
the bracket and the other outside. Actually, however, the contrast 
is quite as well marked as in many of the co-ordination compounds 
in which this distinction is made. Whilst, therefore, we are ready 
to admit the possible validity under various conditions of the 
symmetrical formule of Sidgwick, Sugden, and Vernon, we feel free 
to regard them as still unproved. 

(c) Bases.—In contrast to the dihalides and the hydvoxy-halides, 
the free bases are very poor conductors. The reversibility of their 
ionisation can, however, be explained quite readily, as in the case 
of ammonia, either by the formation of anhydrides, such as is 
already known to occur in the case of the hydroxyhalides, thus 


[TeMe,-OH|OH = [TeMe,O] + H,O, or by the co-ordination 
of the hydroxyl ion with an atom of hydrogen inside the bracket. 
The formation of a 4-covalent compound [TeMe,(OH),] is another 
alternative, which we should hesitate to adopt until some indepen- 
dent proof is available of the existence of 4-covalent derivatives of 
quadrivalent tellurium. 

Summary. 

(a) Measurements have been made of the extinction coefficients 
and molecular conductivities of Vernon’s dimethyltelluronium 
dihalides. The close resemblance which Vernon observed between 
the «- and $-compounds is confirmed by these observations. 

(6) The «- and §-dichlorides show only general absorption, but 
the dibromides show a marked step-out; the «- and 8-di-iodides 
show the twin maxima already recorded for iodoform and potassium 
tri-iodide. These two maxima also appear, with an enhanced 


intensity, in the «-tetraiodide, to which the formula [‘TeMe, I], Is 
assigned. The spectroscopic evidence indicates that a_ similar 
formula may be assigned to the dihalides. 

(c) Instead of behaving as binary or ternary electrolytes it 
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aqueous solution, the dihalides give conductivities which indicate 
that one halogen atom is hydrolysed more or less completely and 


the other atom forms a halogen ion, e.g., [TeMe,ClJCl + H,O == 
+ - a _ 

(TeMe,,OH]JCl + HCl. The hydroxy-halides produced by this 
hydrolysis are strong electrolytes which are not hydrolysed to any 
large extent even when the equivalent of acid shown in the preced- 
ing equation is removed. The free bases, on the other hand, which 
can be prepared only with the help of silver oxide, are weak 
electrolytes, like ammonia. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, October 17th, 1927.] 


XLIV.—cyclo7'elluropentane. 
By GitBert T. Morcan and Henry BurcEss. 


An investigation of the interactions of tellurium tetrachloride and 
acetylacetone by one of us (G. T. M.) and H. D. K. Drew led in 
1921 to the discovery of cyclotelluripentane-3 : 5-dione 1 : 1-di- 
chloride (I) and cyclotelluropentane-3 : 5-dione (II), these sub- 
stances being the simplest members of two new series of organo- 
metalloidal compounds in both of which tellurium is implicated in 
a six-membered ring (J., 1920, 117, 1456; 1923, 123, 444; 1924, 
125, 731, 1601; J. Soc. Chem. Ind., 1924, 43, 40, 304). 
(L,) CHy<Co.cH > Tel wi CHy<Co.cH>Te (IL) 

The series containing bivalent tellurium are yellow compounds 
sparingly soluble in cold water, and in collaboration with E. A. 
Cooper it was found that these aqueous solutions had considerable 
bactericidal potency in broth media (Morgan, Drew, and Cooper, 
J., 1922, 121,.923; Biochem. J., 1923, 17, 30), whereas this intense 
germicidal action diminished very considerably when the com- 
pounds were employed in serum (Biochem. J., 1924, 18, 190). 

On account of the noteworthy chemical and_ bacteriological 
properties of the new cyclic tellurium derivatives, it became desir- 
able to obtain if possible the non-oxygenated cyclotelluropentane 
(III), which may be regarded as the parent tellurohydrocarbon of 
the two series (I and II). 

Attempts made to prepare the dibromide or di-iodide of cyclo- 
telluropentane by heating tellurium with «<-pentamethylene 
dibromide or di-iodide gave only small yields of cyclic products 
even when the amorphous metalloid was prepared, whereas the 
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dichloride did not interact with tellurium under these conditions, 
A satisfactory preparation was achieved, however, by condensing 
a metallic telluride, preferably the aluminium compound, with a 
ae-pentamethylene dihalide; the cyclotelluropentane ring was then 
produced in accordance with the following equation, which represents 
this interaction with the dibromide : 


Al, Te, + 3CH,Br-[CH,],CH,Br = 3C,H,,:Te + 2AlBr, 


The tellurohydrocarbon is not, however, isolated at this stage, 
since it combines additively with more of the alkylene dihalide to 
form two complex telluronium bromides. The following diagram 
illustrates the general course of the condensation when X = Cl,Br, 


orl: 


CH < oe >Te as. SCH, < CH, ‘CHa Te ne [CH,],°CH,X 
(III.) * aft 


\ 
cH, < Gis Chere CH, [CH,]," CHT. <cH CH CH, 


CH,-CH, (IV.) 


(V.) 


1-c-Bromoamylcyclotelluripentane 1-bromide (IV) and pentamethyl- 
ene-ac-biscyclotelluripentane 1:1'-dibromide (V) both dissolve in 
water, the latter being the more soluble. 

In addition to these complex bromides a small amount of cyclo- 


telluripentane 1 : 1-dibromide, CHy< oR cH Te X, (VI), is pro- 


duced during the condensation, geabsbiy thew the interaction 
of moisture unavoidably introduced during the reaction; the 
unstable hydrogen telluride thereby set free readily furnishes 
amorphous tellurium, which interacts with pentamethylene dibrom- 
ide. This dibromide (VI) is, however, more readily prepared by 
adding the calculated amount of bromine to the mixture of cyclo- 
telluropentane and «e-pentamethylene dibromide produced by the 
thermal dissociation of the foregoing two complex telluronium 
bromides when these salts are heated under reduced pressure. 

The condensation with aluminium telluride and «<-pentamethy!- 
ene dichloride takes a similar course, except that no cyclotellum- 
pentane dichloride is formed and a little cyclotelluropentane is 
detected by its odour and by the presence of its solid oxidation 
product (cyclotelluripentane oxide). 

The complex telluronium salts, 1-e-chloroamylcyclotelluripentam 
1-chloride (IV) and pentamethylene-xe-biscyclotelluripentane 1 : 1'-di- 
chloride (V), resemble the corresponding bromides, but are mort 
readily soluble in water and the alcohols. cycloT'elluripentam 
1 : 1-dichloride (V1) is prepared by adding chlorine to the foregoing 
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complex chlorides or to the products of their thermal dissociation. 
eycloTelluropentane (III), prepared by the reduction of cyeclo- 
telluripentane 1: 1-dibromide with aqueous alkali metabisulphite 
(Morgan and Drew, loc. cit.), is so readily oxidised in air that it 
must be distilled in an inert atmosphere, being thus obtained as a 
light yellow oil which assumes a reddish-orange tint on exposure 
to light even in a sealed tube. It is more stable towards reducing 
agents than are the cyclotelluropentane-3 : 5-diones, since there is 
very little tellurium eliminated during the reduction of the dibromide 
with bisulphite. 

The condensation between aluminium telluride and the ae-penta- 
methylene dihalides follows a well-marked gradation, the di-iodide 
reaction taking place most readily, whereas the dichloride reaction 
requires the highest temperature. 

The tendency to form the simple cyclotelluripentane dihalides 
(VI) increases with the atomic weight of the halogen. A similar 
gradation of properties was observed in regard to recombination of 
the products of the thermal dissociation of the three 1-s-halogeno- 
amylcyclotelluripentane 1-halides. The chloro-compound (IV) when 
melted in a sealed tube shows no disposition to resolidify on further 
heating, whereas in these circumstances both the bromo- and the 
iodo-derivative resolidify. 

cycloTelluripentane 1: 1-di-iodide (VI), produced by direct 
addition of iodine to cyclotelluropentane in carbon tetrachloride, 
exists in two differently coloured forms : («) a deep red modification 
with a purple-blue reflex, this variety being stable at the ordinary 
temperature in the presence of light, and (8) an orange modification 
which separates from hot solvents and passes slowly into the deep 
red form at the ordinary temperature, especially when exposed to 
light. The deep red modification crystallises from cold solutions, 
although occasionally it is accompanied by crystals of the orange 
form. 


Bactericidal Action of cycloTelluropentane Derivatives. 


For the following preliminary bacteriological data we are indebted 
to Dr. H. Barnes. 

The complex bromides (IV and V) have only slight bactericidal 
action, whereas cyclotelluropentane and cyclotelluripentane 1 : 1-di- 
bromide and dichloride (VI) are considerably more potent and give 
approximately the same bactericidal coefficient with Bacillus coli, a 
result which indicates that in these cases the active agent is cyclo- 
telluripentane 1 : 1-dihydroxide, produced either by hydrolysis of 
the dihalides or by wet oxidation of cyclotelluropentane. This 
bactericidal value is considerably less than the coefficients obtained 
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with the cyclotelluropentane-3 : 5-dione series, but, unlike the 
latter, it is far less affected in serum, a result which is sufficiently 
promising to merit further investigation. 


EXPERIMENTAL. 


Although tellurium has been shown to combine with methy] 
iodide to form dimethyltelluronium di-iodide (Demargay, Bull. 
Soc. chim., 1883, 40, 99; Seott, P., 1904, 20, 157; Vernon, J., 
1920, 117, 86, 889), yet the corresponding reaction with penta. 
methylene di-iodide only occurred to a slight extent. When 
either pentamethylene di-iodide or dibromide was heated in xylene 
with amorphous tellurium for 20 hours, a 10% yield of the cor. 
responding cyclotelluripentane dihalide was obtained and about 
80° of the tellurium was recovered unchanged. The powdered 
metalloid seemed to be quite as effective in the case of the poly- 
methylene di-iodide, but no cyclic compound was formed with the 
dibromide under various conditions. Owing to the small yield 
in these experiments recourse was had to the condensation taking 
place between the «e-pentamethylene dihalides and metallic tellur. 
ides (Morgan and Burgess, E. P. 7030 of 1927). 

Pentamethylene di-iodide was prepared by refluxing the cor. 
responding dibromide with a 15% solution of anhydrous sodium 
iodide in dry acetone for 1 hour. The sodium bromide was filtered 
off and the liquid fractionated in a vacuum (yield, 90% of the 
theoretical). 

Aluminium telluride (27 g.) and pentamethylene dibromide 
(63-5 g.) were heated under reflux until at 165° (approximately) a 
reaction ensued which caused the dibromide to boil vigorously. 
This ebullition was moderated by cooling and stirring, and the 
heating was subsequently continued for 1 hour. The semi- 
solid product was then extracted successively with (a) carbon 
tetrachloride to remove unchanged pentamethylene dibromide and 
most of the cyclotelluripentane 1: 1-dibromide; (6) moist acetone 
to dissolve the remaining cyclotelluripentane 1 : 1-dibromide, and 
1-c-bromoamylcyclotelluripentane 1-bromide, this solvent als 
extracting some of the pentamethylene-a«e-biscyclotelluripentane 
1:1’-dibromide and aluminium bromide; (c) water or moist 
methyl alcohol to extract the remainder of the aluminium bromide 
and biscyclotelluri-compound from a dark grey, insoluble residue 
(6-7 g.). By fractional crystallisation of the three extracts the 
following yields of organic tellurium derivatives were obtained: 
(IV), 14 g.; (V), 23 g.; (VI), 2 g. The proportion of (VI) was 
always small, but the relative amounts of (IV) and (V) were variable, 
the yield of (IV) being diminished on decreasing the proportion 
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pentamethylene dibromide. If, however, the quantity of this 
reagent was diminished by one-third, the amount of insoluble 
residue was increased considerably. When magnesium telluride 
was employed in the condensation, the reaction commenced only 
at 200° (approximately) and the yield of soluble organo-tellurium 
derivatives was comparatively small. 

Condensations with a<-pentamethylene dichloride and aluminium 
telluride were less vigorous, a higher temperature (175—185°) 
being required to start the reaction. Two tellurichlorides only 
were obtained (corresponding with IV and V), but the presence of 
cyclotelluripentane 1 : 1-dichloride was not detected, although the 
carbon tetrachloride extract indicated by its odour, colour, and 
deposition of solid oxidation product that free cyclotelluropentane 
was formed during the condensation. 

Owing to the greater solubilities of the two organic tellurichlor- 
ides, their separation from aluminium chloride was less complete 
than that of the corresponding bromides from aluminium bromide. 
In extractions of the chlorides ethyl alcohol as the third solvent 
was more favourable than water. 

1. cycloT'elluripentane Chlorides—cycloTelluripentane 1: 1-di- 
chloride (VI), prepared by the dissociation method from 1--chloro- 
amylcyclotelluripentane 1-chloride (compare p. 326), crystallised 
from carbon tetrachloride in six-sided prisms, m. p. 106—107° (Found: 
Te, 46-9, 46-95; Cl, 26-4. C;H, Cl,Te requires Te, 47-5; Cl, 26-4%). 
This dichloride was also prepared by the direct addition of a slight 
excess of chlorine to 1-c-chloroamylcyclotelluripentane 1-chloride. 

With sodium dichromate in aqueous solution, the dichloride 
yielded a dichromate crystallising from hot water in rosettes of 
yellow needles, which are less photosensitive than the other complex 
dichromates described below. 

1-s-Chloroamylcyclotelluripentane 1-chloride (IV) resembled the 
corresponding bromide, but was generally more soluble than the 
latter; it melted at 149—151° (Found: Te, 37:7; Cl, 20-8. 
(pHa pCl,Te requires Te, 37-65; Cl, 20-95%). When heated under 
reduced pressure, it dissociated into cyclotelluropentane and penta- 
methylene dichloride. With aqueous sodium dichromate, it gave 
ayellow, oily precipitate darkening on exposure to light. 

Pentamethylene-az-biscyclotelluripentane 1: 1'-dichloride (V) was 
much more soluble in the alcohols than the corresponding bromide ; 
it crystallised from ethyl alcohol, containing hydrochloric acid, in 
inhydrous prisms, decomp. 224—225° (Found : Te, 47-3; Cl, 13-3. 
UssHgpCl, Te, requires Te, 47-5; Cl, 13-2%). The aqueous solution 
gave at first a faint precipitate with silver nitrate, which slowly 
increased. 

M2 
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The mother-liquor from the crystallisation of the complex dichlor. 
ides, when precipitated fractionally with aqueous sodium dichrom. 
ate, gave in succession two deposits. The second was crystalline 
and consisted of pentamethylene-as-biscyclotelluripentane 1 : 1'-di. 
chromate, which crystallised from hot water in rosettes of daffodil. 
yellow plates, turning brown at 160° and decomposing at 193’ 
(Found : Te, 36-2. C,;H,)0,Te,Cr,,H,O requires Te, 365%). This 
dichromate was very sensitive to light, rapidly becoming brow 
on exposure. 

2. cycloTelluripentane Bromides.—cycloTelluripentane 1: 1-4i. 
bromide (V1), obtained as a by-product in the condensation between 
aluminium telluride and «<-pentamethylene dibromide, was mor 
conveniently prepared by heating either of the two following 
substances to 160—190° under 25—30 mm. pressure. Thermal 
dissociation led to cyclotelluropentane and pentamethylene dibron- 
ide, with elimination of water in the case of the hydrated tellur. 
bromide. The cooled yellow distillate was diluted with carbon 
tetrachloride and treated with bromine in excess; cyclotelluri. 
pentane dibromide then slowly separated and was crystallised 
successively from benzene and carbon tetrachloride (yield, 90%) 
(Found: Te, 35-3; Br, 44-75; C, 16-8; H, 3-1. C;H,)Br,Te 
requires Te, 35-7; Br, 44-7; C, 16-8; H, 2-8%). 

eycloTelluripentane 1:1-dibromide crystallised from carbon 
tetrachloride in pale greenish-yellow prisms or from light petroleum 
in hexagonal plates; it melted at 105—107°. It dissolved readily 
in benzene, chloroform, or acetone, but only sparingly in cold 
alcohol, carbon tetrachloride, or light petroleum. Hot water 
hydrolysed the dibromide, giving an acid solution, but nothin 
separated on cooling. 

cycloTelluripentane 1: 1-dibromide was also formed by mixing 
carbon tetrachloride solutions of 1-s-bromoamylcyclotelluripentane 
1-bromide and bromine (1-6 mols.). A heavy, red oil separated, 
from which petroleum or methyl] alcohol extracted the dibromide. 

1-c-Bromoamyleyclotelluripentane 1-bromide (IV) was readily 
soluble in oxygenated organic solvents, in chloroform and in water. 
The aqueous solution was faintly acid to litmus and gave an immed- 
ate precipitate with silver nitrate. This telluripentane bromide 
crystallised from acetone in colourless, oblong plates, m. p. 143- 
145°, resolidifying at 147° (Found: Te, 29-75; Br, 36-8; C, 27°; 
H, 4-9. C,)H, Br,Te requires Te, 29-8; Br, 37-4; C, 28-1; 7 
4:7%). 

Pentamethylene-ae-biscyclotelluripentane 1: 1'-dibromide (V) wai 
readily soluble in water, less soluble in the alcohols, and almost 
insoluble in other organic solvents; it crystallised in colourles 
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needles containing 1H,O and decomposed at 223—224° (Found 
for hydrate: C, 27-75; H, 5-1. C,;H,,Br,Te,,H,O requires C, 
28-0; H, 50%. Found for dried salt; Te, 40-55, 40-8; Br, 25-3: 
(,;HggBr.Te, requires Te, 40-8; Br, 25-6%). 

The aqueous solution of the complex dibromide was neutral to 
litmus and gave with silver nitrate a faint precipitate which rapidly 
increased. 

Pentamethylene-«c-biscyclotelluripentane 1 : 1'-bisperbromide, 

C5Hj9{ Te(C;H ,9) Brg]. 

Bromine (2-2 mols.) in carbon tetrachloride was added ‘to a sus- 
pension of the foregoing compound in chloroform, and the mixture 
heated for 30 minutes. The colour of bromine faded rapidly with 
the separation of a dark red oil which solidified on cooling; m. p. 
1022—104° (Found: Te, 26:3; Br, 49-9. C,;H,)BrgTe,,H,O 
requires Te, 26-5; Br, 49-8%). This product was insoluble in 
all organic media except acetone, in which it decomposed with 
generation of a lachrymatory vapour (possibly that of bromo- 
acetone). 

3. cycloT'elluropentane.—Potassium metabisulphite (25 g.), dis- 
solved in 150 c.c. of water, was added in two equal portions, with 
a 20 minutes’ interval, to 20 g. of powdered cyclotelluripentane 
1: 1-dibromide, the mixture being well stirred. The dibromide 
changed gradually to a dark red oil. After being shaken for 14 
hours, the oily mixture was extracted with chloroform, the dried 
extract evaporated in a current of hydrogen to remove the solvent 
and distilled under reduced pressure, and the distillate rectified 
with the exclusion of air (Found: Te, 64:0, 64:3; C, 30-0, 30-7; 
H, 5-3, 5-2. C;H, Te requires Te, 64-5; C, 30-4; H, 51%). 

Although very little tellurium was eliminated during the reduction 
of the dibromide, yet a considerable proportion of red, non-volatile 
residue was left after distillation of the cyclotelluropentane; this 
residue, which blackened on heating, was not investigated further. 

cycloT elluropentane was thus obtained as a lemon-yellow oil 
having an extremely unpleasant alliaceous odour recalling that of 
trimethylstibine; it boiled at 82—83°/12 mm. and at 44—45°/1—2 
mm. It was oxidised rapidly in air to a colourless solid and reacted 
violently with fuming nitric acid. When kept for several weeks in 
a sealed tube, it gradually assumed a reddish-orange colour, the 
change being accelerated by light. 


cycloT'elluripentane 1: 1-diowide, CH,< CH oH Te <0 ,»H,0, 


was obtained as a white, amorphous powder on addition of hydrogen 
peroxide to cyclotelluropentane dissolved in warm methyl alcohol 
(Found: Te, 50-3. C;H,,0,Te,H,O requires Te, 51-5%). 
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This insoluble product, which exploded on rapid heating, darkened 
at about 195°; it had the properties of a tellurone, liberated chlorine 
from hydrochloric acid, decolorised warm acidified permanganate, 
and decomposed violently on treatment with concentrated nitric 
or sulphuric acid. 

4. cycloTelluripentane Di-iodides—Aluminium telluride (5-5 g)) 
and «e-pentamethylene di-iodide (22 g.; 1-8 mols.) interacted 
smoothly when heated at 135—145° for 1 hour. The product was 
cooled and extracted with (a) benzene, (b) acetone, (c) methyl 
alcohol, and (d) water, leaving a black, insoluble residue (0-75 g,). 
The yields of (IV), (V), and (VI) were 3-5 g., 3-4 g., and 1-7 g, 
respectively, 4-5 g. of pentamethylene di-iodide being recovered 
unchanged. 

1-c-lodoamyleyclotelluripentane 1-todide (IV) crystallised in 
colourless flakes, melted at 135—136°, resolidified almost immedi- 
ately, and remelted at 197—198°. It dissolved slightly in hot 
water, giving a neutral solution (Found: I, 48-2. C,gHool,Te 
requires I, 48-7%). 

Pentamethylene-«e-biscyclotelluripentane 1 : 1'-di-todide (V) crystal- 
lised from hot water in rosettes of brownish-yellow, acicular prisms, 
m. p. 216—217° (decomp.). It dissolved in boiling water to give 
an alkaline solution (Found: I, 35-6. C,;H,,I,Te, requires |, 
35-3%). Aqueous solutions of both these iodides give a transient 
yellow coloration with silver nitrate and no immediate precipitation 
of silver iodide. A slow precipitation occurs on boiling, the speed 
of this being greater in the case of the latter compound. Both 
compounds resemble the corresponding chlorides and bromides, 
but their solubilities are considerably less. 

cycloTelluripentane 1 : 1-di-iodide, obtained as a by-product in 
the foregoing condensation, is prepared preferably by adding iodine 
in slight excess to cyclotelluropentane in carbon tetrachloride. The 
product was obtained in two kinds of crystals: («) Deep red 
prisms with purple-blue reflex (Found: Te, 28-1%); (8) highly 
refractive, slender, orange prisms (Found: I, 55-9. C,H, l,Te 
requires Te, 28-2; I, 56-2%). On exposure to light the orange 
form, which separated from hot solutions, was transformed into 
the dark red crystals within 2 days. A slower change took place 
in the dark. Molecular-weight determinations in hot and in cold 
benzene gave M (cryoscopic) 414, 418; (ebullioscopic) 453, 465, 
473 (C;H,ol,Te requires M, 451). 

These data exclude polymerism, whereas the deepening of colour 
which occurred when the solutions of the di-iodides were heated 
suggests that the difference between the two modifications goes 
further than dimorphism. More experimental work would, how- 
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ever, be required to establish that the difference is a case of 
jsomerism. 

Dr. T. V. Barker has kindly supplied the following additional 
information regarding the two differently coloured forms: ‘“ Neither 
modification is suitable for exact angular measurements. .Under 
the polarising microscope, the stable modification (with purple-blue 
reflex) is strongly dichroic, appearing light or dark red, according 
as the vibrations are along or across the direction of elongation. 
A biaxial figure is seen in convergent light with one optic axis 
nearly normal to the predominant face. The needles of the yellow 
modification show a corresponding light and dark yellow dichroism. 
The extinction also is straight with negative elongation, but no 
optic figure is visible.” 

The two forms of cyclotelluripentane 1 : 1-di-iodide were less 
soluble than the correspending chloride or bromide. Both varieties 
melted at 135—136°, the purple crystals first becoming orange at 
105°. A benzene or carbon tetrachloride solution of either form 
became reddish-orange on boiling and resumed a light orange tint 
on cooling. 


CHEMICAL RESEARCH LABORATORY, 
TEDDINGTON, MIDDLESEX. [Received, December 15th, 1927.] 


XLV.—WNitrosation of Phenols. Part V. Preparation 
of an o-Nitrosophenol. 


By HerBert Henry Hopeson and JoHN SAMUEL WIGNALL, 


NirrosaTIon of 5-chloro-3-hydroxyanisole proceeds readily (compare 
3:5-dichlorophenol; J., 1927, 2216). The constitution of the 
product (I) was proved by oxidation to the nitro-compound (II), 
the methyl ether of which was identical with 5-chloro-4-nitro- 
resorcinol dimethyl ether (III), prepared by the action of sodium 
methoxide on 3: 5-dichloro-4-nitroanisole (IV). The directive 
power of the methoxyl group in 5-chloro-3-hydroxyanisole has 
therefore completely overcome the para-directing influence of the 
chlorine atom. 

The nitroso-formula is preferred to the quinone-oxime formula 
for 5-chloro-4-nitroso-3-hydroxyanisole (I) on account of its deep 
green colour and low m. p. (compare Hodgson and Moore, J., 1925, 
127, 2260). 

3: 5-Dichloro-2-nitroanisole reacts readily with sodium meth- 
oxide to give 5-chloro-2-nitroresorcinol dimethyl ether (V); the 
teactivity of the 3-chlorine atom contrasts strongly with the 
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stability of the halogen in 3-chloro-2-nitroanisole (Hodgson and 
Handley, J., 1926, 542). 


OMe OMe OMe OMe OMe 


0 
oor —o( ox (Jomo Ja of Wik 
No No, NO, NO, 


(I.) (II.) (III.) (IV.) (V.) 


Unlike 3 : 5-dichlorodimethylaniline, 5-chloro-3-methoxydimethyl- 
aniline is readily nitrosated. The product is probably 5-chloro. 
4-nitroso-3-methoxydimethylaniline, but on boiling with dilute 
alkali solution it gives, not the expected 5-chloro-6-nitroso-3-hydr. 
oxyanisole, but products of profound decomposition. 


EXPERIMENTAL. 

5-Chloro-4-nitroso-3-hydroxyanisole (I).—A solution of 5-chloro. 
3-hydroxyanisole (8 g.) in water (900 c.c.) containing sodium 
hydroxide (2-5 g.) and sodium nitrite (20 g.) was cooled to 0°, and 
sulphuric acid (6 g. of 98% acid in 30 c.c. of water) added during 
2hours. The 5-chloro-4-nitroso-3-hydroxyanisole, obtained in almost 
theoretical yield after 6 hours, crystallised from methyl alcohol in 
deep green needles, m. p. 132° (decomp.) (Found: Cl, 18-9. 
C,H,O,NCl requires Cl, 18-99%), which are insoluble in light 
petroleum, slightly soluble in benzene, alcohol, carbon tetrachloride, 
and water, and moderately easily soluble in acetone, ether, and 
glacial acetic acid. The nitroso-compound does not respond to the 
Liebermann nitrosoamine test, gives a Bordeaux-red colour in 
concentrated sulphuric acid, is not affected by hot N-hydrochloric 
acid but is decomposed by the hot concentrated acid. From its 
deep green solution in 10% aqueous sodium hydroxide it is pre- 
cipitated unchanged on acidification; hot concentrated alkalis 
decompose it. 

5-Chloro-4-nitro-3-hydroxyanisole (II) was obtained by dissolving 
5-chloro-4-nitroso-3-hydroxyanisole (3-3 g.) in a hot solution of 
potassium hydroxide (1 g.) in water (50 c.c.) and then adding 
potassium hydroxide (9 g. in 20 ¢.c. of water), followed by finely 
powdered potassium ferricyanide (17-5 g.); the whole was kept at 
60° for about 3 hours until the colour changed from deep green to 
orange. (This procedure is necessary to avoid the decomposition 
referred to above.) The mixture was then faintly acidified and the 
5-chloro-4-nitro-3-hydroxyanisole (2:2 g.) removed by steam distil 
lation. The product crystallised from dilute methyl alcohol in light 
golden needles, m. p. 105° (Found: Cl, 17-2. C,;H,O,NCI requires 
Cl, 17:-4%), which are only slightly soluble in water and light 
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petroleum but very soluble in carbon tetrachloride, chloroform, 
ether, benzene, and glacial acetic acid. It gives a red colour with 
sulphuric acid and an orange solution in aqueous sodium hydroxide. 

Nitration of 5-Chloro-3-hydroxyanisole.—A solution of the chloro- 
hydroxyanisole (4 g.) in water (80 c.c.) containing sodium nitrate 
3g.) was treated at 100° with a mixture of sulphuric acid (98%; 
3c.c.) and water (20 c.c.), added gradually during 1 hour. After 
remaining for 2 hours at 100°, the bulk of the initial material was 
recovered unchanged, but distillation with steam gave a small 
quantity of 5-chloro-4-nitro-3-hydroxyanisole, identical with the 
compound described above. 

5-Chloro-4-nitroresorcinol dimethyl ether (IIIl) was prepared by 
treating either of the above products in boiling xylene with excess 
of methyl sulphate in presence of potassium carbonate. It crystal- 
lised from methyl alcohol in light yellow needles, m. p. 123° (Found : 
(1, 16-1. Cs,H,O,NCI requires Cl, 16-3°%). 

Action of Sodium Methoxide on (a) 3 : 5-Dichloro-2-nitroanisole 
and (b) 3 : 5-Dichloro-4-nitroanisole.—2- and 4-Nitro-3 : 5-dichloro- 
phenols were prepared by a modification of Hodgson and Wignall’s 
method (J., 1927, 2218), the resinous nitration product from 
3:5-dichlorophenol being separated from the acid liquor, washed 
free from acid, and very slowly steam-distilled. 3: 5-Dichloro- 
2-nitrophenol then passed over as a colourless solid, which, on 
heating or on exposure to air, was transformed into the lemon- 
yellow anhydrous substance previously described (loc. cit.), the 
change indicating the existence of a hydrate similar to, although 
more labile than, that formed by 3-chloro-2-nitrophenol (Hodgson 
and Moore, J., 1926, 155). 

(a) A mixture of 3 : 5-dichloro-2-nitroanisole (2-2 g.) and sodium 
methoxide (methy] alcohol, 18 c.c.; sodium, 0-8 g.) was gently boiled 
under reflux for 4 hours. 5-Chloro-2-nitroresorcinol dimethyl ether 
(V) was deposited on cooling. It crystallised from methyl alcohol 
in colourless needles, m. p. 171° (Found: Cl, 16-0. C,H,O,NCl 
requires Cl, 16-3), and was less soluble in most solvents than the 
4-nitro-isomeride (below). 

(b) Similar treatment of 3: 5-dichloro-4-nitroanisole gave a 
substance identical with 5-chloro-4-nitroresorcinol dimethyl ether, 
described above; ‘‘ mixed ” m. p. 123° (Found: Cl, 16-2%). 

5-Chloro- 3 - methoxydimethylaniline.—5 - Chloro -3 - methoxyaniline 
(6 g.), methyl alcohol (12 ¢.c.), and methyl sulphate (11 c.c.) were 
heated together in a sealed tube at 165° for 6 hours. (At a higher 
temperature charring takes place.) The mixture was diluted with 
water (200 c.c.), made faintly alkaline, and steam-distilled. The 
oil that passed over was treated with acetic anhydride and again 
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steam-distilled, 5-chloro-3-methoxydimethylaniline being thus ob. 
tained as a colourless oi] (Found: Cl, 19:2. C,H,,ONCI requires 
Cl, 19-1°%) readily soluble in dilute acids. 

Nitrosation. A solution of 5-chloro-3-methoxydimethylaniline 
(2 g.) in concentrated hydrochloric acid (3 c.c.) was diluted with 
water (30 c.c.), cooled to 0°, and treated gradually with sodium 
nitrite (1-5 g. in water, 10 ¢.c.); a yellow hydrochloride separated, 
5-Chloro-4-nitroso-3-methoxydimethylaniline was liberated from this, 
After being washed with ether, it crystallised from methyl alcohol 
in green needles, decomp. 155° (Found: Cl, 16-4. C,H,,0,N,(I 
requires Cl, 16-6%). It is insoluble in light petroleum, sparingly 
soluble in ether and carbon tetrachloride, but more readily soluble 
in chloroform, benzene, and acetone; the solutions are green. It 
does not give the Liebermann nitrosoamine reaction, develops a 
deep cherry-red colour in concentrated sulphuric acid, and is com. 
pletely decomposed on prolonged boiling with 10% aqueous potass. 
ium hydroxide, methylamine being evolved. 


TECHNICAL COLLEGE, HUDDERSFIELD. ([Received, December 17th, 1927.] 


XLVI.—The Comparative Reactivities of Some Chloro-, 


Bromo-, and Iodo-nitrobenzenes. 
By Avsert BREWIN and Eustace EBENEZER TURNER. 


In an attempt to determine the relative degrees to which chlorine, 
bromine, and iodine atoms are activated by nitro-groups, present 
in the same aromatic nucleus, we chose piperidine as reagent for 
reasons already stated (Le Févre and Turner, J., 1927, 1113), and 
first tried to compare the reactivities of different halogenonitro- 
compounds by allowing them to compete, two at a time, for piperidine 
in benzene solution. The results, however, did not lend themselves 
to simple interpretation, and we therefore made quantitative 
measurements of the reactivity of individual halogeno-nitro-con- 
pounds towards piperidine. The reactivity of p-chloronitrobenzene, 
the least reactive compound used, being expressed by unity, the 
compounds mentioned below have reactivities for this one reagent, 
and under the present definite conditions, represented by the 
attached figures : 

o-Chloronitrobenzene 36- 1-Chloro-2 ; 4-dinitrobenzene 
o-Bromonitrobenzene 3: 1-Bromo-2 : 4-dinitrobenzene 
o-lodonitrobenzene f 1-Todo-2 : 4-dinitrobenzene ... 
p-Bromonitrobenzene * 4-Chloro-3-nitrobenzonitrile 
p-lodonitrobenzene ......... : 4-Bromo-3-nitrobenzonitrile 


2 : 6-Dichloronitrobenzene 
2 : 6-Dibromonitrobenzene 
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The results show that, whereas o-chloronitrobenzene is about 
36 times as reactive as the corresponding p-compound, the o-bromo- 
and o-iodo-compounds are respectively only 18 and 8 times as 
reactive as the p-analogues. They also seem to show that iodine 
is incapable of activation to the extent possible with chlorine and 
bromine. 

Competitive Experiments.—In the first series of experiments, a 
pair of halogenonitro-compounds (1 mol. of each) was allowed to 
react with piperidine in 100 c.c. of benzene, at 15° for 60 hours 
(dinitro-compounds) or in the boiling solvent for 8 hours (o0-nitro- 
compounds). The results are in Tables I and II. 


TABLE I. 


w = g. of silver halide from 50 c.c. of solution; v = c.c. of 0-1038N-AgNO, 
required by 50 c.c. of solution; + = molecular ratio of piperidine salts 
in the mixture. 


Pair of 1-halogeno- , 
2 : 4-dinitrobenzenes. w. v. f. 
Cl, Br 0-1860 11-23 Cl: Br “78 
Br, I 0-1661 7°26 Br: I 23 
i, A 0-1115 6-95 1: Cl “8 


In each of these cases the mixed piperidine salts, made up to 1 litre 
with water, were analysed in the usual manner, but in experiments 
2 and 3, where iodine ions were present, more accurate results were 
obtained by adding excess of silver nitrate and titrating the final 
excess With ammonium thiocyanate. 


TABLE II. 


w’ = g. of mixed piperidine hydrohalides; w = g. of mixed silver halides 
from 50 c.c. of solution; r = molecular ratio of piperidine salts in the 
mixture. 


Pair of 1-halogeno- 

2-nitrobenzenes. w’. w. 

Cl, Br 2-3488 0-1344 Ci: Br ='6- 
Br, I 2-0249 0-1130 Br:l 1- 
I, Cl 0-9033 0-0523 I:Cl =1: 

In these experiments the mixture of piperidine salts was collected 
in a Gooch crucible, washed with benzene, dried to constant weight 
at 100°, and then analysed gravimetrically. 

From the first two experiments in Table I and in Table I 
iodine would be expected to be a little more reactive than chlorine ; 
it appears from the third experiment in each table to be considerably 
less so. 

Direct Method of Measurement.—The halogenonitro-compound 
(0-02468 g.-mol., equiv. to 5 g. of 1-chloro-2 : 4-dinitrobenzene) was 
allowed to react for 8 hours in boiling benzene solution (50 c.c.) with 
piperidine (1 mol.); the precipitated piperidine salt was then 
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collected in a Gooch crucible and dried at 100°. The results are 


in Table III. 
TABLE III. 


Percentage reaction. 
Substance. Series 1. Series 2. Mean. 
C,H,Cl-NO, . 60-1 59-9 
ortho- ;C,H,Br-NO, : 72-0 71:8 
C,H,I-NO, . 29-4 29-5 
C,H,Cl-NO, . 1-7 1-65 
C,H,Br-NO, . 3°85 3°93 
oO, . 3-5 3°7 
sH,Cl(NO,), 95+ 92-2 94-0 
: 4-4 C,H,Br(NO,), . 91-2 
. 56-5 
9. 4. fCoHCl(NO,)-CN 92-1 
*“ (C,H;,Br(NO,)-CN . 91-4 
. 5. CoHs(NO,)Cl, 2: 91-7 
*“ (C,H,(NO,)Br, . 91-7 
: 4-C,H,Cl-NO, 
: 3: 4-C,H,(NO,)Cl, 3°9 
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One of us is indebted to the Research Fund Committee of the 
Chemical Society for a grant in aid of this investigation. 


East LONDON COLLEGE, 
UNIVERSITY OF LONDON. [Received, November 29th, 1927.] 


XLVII.—The Mechanism of Activation of Halogen 
Atoms by a WNitro-group Present in the Same 
Aromatic Nucleus. 


By ALBERT Brewin and Eustace EBENEZER TURNER. 


As a result of some experiments on the relative reactivities of 
various halogenonitro-compounds (preceding paper), we have been 
led to consider afresh the general problem of reactivity among 
such compounds. 

Different reagents give very different comparative reactivities 
for a series of halogenonitro-compounds. Some reagents appear 
to act only in so far as they are ionised. For instance, Lulofs 
(Rec. trav. chim., 1901, 20, 292) showed that the rate of interaction 
of 1-bromo-2 : 4-dinitrobenzene and sodium ethoxide in alcoholic 
solution was decreased either by increasing the concentration or 
by adding sodium bromide or sodium acetate (compare also Segaller, 
J., 1913, 103, 1154; Shroder and Acree, J., 1914, 105, 2582; 
Baudet, Rec. trav. chim., 1924, 43, 758). In other cases, it is not 
definitely ascertainable whether the reactions are ionic or not. 

The nitro-group is the only group which in the absence of other 
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groups is known to cause really pronounced activation of halogen 
atoms. It is, therefore, not only because the nitro-group is a meta- 
directing group that it exerts so powerful an activating influence. 
That is, it is not the dipolar structure of the nitro-group that 
produces the activation, since the sulphone, carboxyl, and sulph- 
oxyl groups produce only feeble activating effects by themselves. 

It seems probable, therefore, that the activating effect of the 
nitro-group depends on the presence of the nitroso-group, O:N, con- 
taining apolar oxygen. Moreover, it is known that the nitroso- 
group (although it is ortho-para directing) exerts a very powerful 
influence by itself on substituents in the para-position. For 
example, p-nitrosodimethylaniline reacts with alkali to give p-nitro- 
sophenol under conditions which leave p-nitrodimethylaniline 
unchanged, and a second nitro-group is necessary before the di- 
methylamino-group is readily replaced by hydroxyl (2 : 4-dinitro- 
dimethylaniline). Similarly, as Fischer and Hepp (Ber., 1887, 20, 
475; 1888, 21, 684) have shown, p-nitrosophenol reacts even at 
100° with ammonium acetate, ammonium carbonate, and ammonium 
chloride to give p-nitrosoaniline. p-Nitrophenol, on the other 
hand, is unaffected even by piperidine at the same temperature 
(Le Févre and Turner, J., 1927, 1113). 

On first considering the matter it appeared to us that reactions 
involving alkali alkyloxides were of the direct interaction type, 
whereas those involving bases were indirect, additive compounds 
being formed intermediately. On the other hand, coloured additive 
compounds are certainly formed in both cases, and there seems no 
reason to assume that the additive compounds are unessential in 
one case and essential in the other. It is conceivable that the 
formation of additive compounds could actually hinder the main 
reaction (compare the Friedel-Crafts reaction, as studied by Olivier, 
Rec. trav. chim., 1926, 45, 817). 

In the typical case of o-chloronitrobenzene, according to modern 
theories, the nitro-group seeks to acquire more than its due half- 
share in the pair of N-C, co-valency electrons, and does so at the 
expense of Cg to which chlorine is attached. This carbon atom 
therefore tends to gain control over an electron and it can do this 
in one of three ways (see I): (1) by taking more than its due 

sf.) oo 
Na|O—N=O 
AX 


! 


half-share of the Cg-Cl pair, (2) by tentative borrowing from the 
CsC, electrons, or (3) by attaching an electron outside the mole- 
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cule. Now chlorine cannot be regarded as willing to relinquish its 
share in an electron with which, as we know, it separates from 0; 
as a result of the completion of the process under discussion. Pro. 
cess (2) must occur to some extent, otherwise p-chloronitrobenzene 
would not be reactive, but (3) is also probable in many cases. For 
instance, when the reagent is sodium ethoxide, Cg endeavours to 
acquire an electron from the negative ethoxyl ion, and, at this 
moment, chlorine, which has a great tendency to become an ion, 
takes entire charge of the original Cg-Cl pair. As a result, the 
already adjacent ethoxyl group becomes attached to Cg. 

A similar process may be assumed to occur in reactions involving 
bases, the basic residue being substituted for the ethoxy] group. 
It is also clear that the above process of electron drift produces an 
alternating effect, so that m-chloronitrobenzene is not reactive. 

On the other hand, this theory, without modification, requires 
that other meta-directing groups should cause ortho-para activation, 
and that ortho-para-directing groups, at any rate in so far as they 


are definitely polar (e.g., O in phenoxides), should cause meta 
activation. Since these activations are only observed to a slight 
extent, we must adopt the view, originally due to Kenner and 
others, that the nitro-group is activating because it forms additive 
compounds. Now the additive compound with sodium ethoxide 
would probably be (IT), in which the ethoxy! radical would be 
expected to undergo ortho-para wandering either of the inter- or 
of the intra-molecular type (compare Ingold, J., 1927, 1245). It 
will naturally be attracted to Cg for reasons already given. Elimin. 
ation of chlorine as the ion is a necessary subsequent process for 
the attainment of electrical neutrality (separation of solid sodium 
chloride, frequently insoluble in the reaction mixture, etc.), and it 
should be noted that the additive compound is formed withovt 
destruction of the positive charge on the nitrogen atom, and with 
the actual attachment of a negative charge to the originally neutral 
oxygen atom. 

In a similar way, a base NHR, would form the intermediate 
additive compound in which H replaces Na and NR, replaces OFt. 
Activation of substituents (e.g., nitro-groups) other than halogen 
atoms can be discussed in the same manner. 

On similar lines, the nitration of nitrobenzene (or other com- 
pound undergoing m-substitution) is capable of explanation. In 
the case of nitrobenzene, Cg can acquire control of one of the 
electrons of the negative hydroxyl ion present in the nitrating 
solution (see below). The simultaneous electron shift from the 
C,Cs bond to C, causes attraction of the positive NO, ion, and 
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there is formed the Obermiller type of additive compound (III), 
which then changes to m-dinitrobenzene owing to the driving force 


NO, R 


AES a A : ) 
(III.) || [s4 : + 3H,0 [Gay (IV.) 

\7e2_ Xom, aes \4 
of water elimination. The Sane addition of the elements 
of the reagent to the nitro-group is here unnecessary, and it is 
known that nitrobenzene nitrates less rapidly than benzoic acid, 
showing that the unique characteristics of the nitro-group as regards 
activating effects do not come into play in this case. 

Although, as Wieland and Sakellarios (Ber., 1920, 53, 201) have 
shown, nitric acid combines with ethylene to give §-nitroethyl 
alcohol, that is, it reacts as if it had separated into OH- and NO,* 
ions, objection may be taken to the assumption usually made 
that aromatic nitration involves these ions. This difficulty can 
be surmounted if it be assumed that orthonitric acid is the actual 
nitrating agent, and that this compound is represented by 


[N(OH),JOH. This substance could supply hydroxyl ions, and 
instead of a nitro-group one must assume addition of N(OH),, 
which is equivalent in effect to that group. 

If the above theory accounts for the m-nitration of nitrobenzene, 
ete., then with an ortho-para directing group it will be C, which 


will attract an OH~- ion, giving (IV). The [N(OH),] ion can then 
add either to Cg or to C3, and the proportions of these will depend 
particularly on the bulk of R; for instance, one would expect 
tert.-butylbenzene to nitrate mainly in the para-position, as it does. 
Previous theories, not involving the prior attachment of hydroxyl 
in the meta-position, do not explain so simply why a bulky group 
has a low ortho-para directive ratio. 


East LONDON COLLEGE, 
UNIVERSITY OF LONDON. [ Received, November 29th, 1927.] 


XLVIII.—The Nitration of Benzaldoxime and Some 
of its Derivatives. 
By Oscar L. Brapy and Brian E. M. MILier. 


TE orienting influence of the aldoximino-group has not been 
investigated, probably on account of its instability. With due 
precautions, however, it is possible to nitrate benzaldoxime, but 
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the yield of nitro-derivative is poor owing to the difficulty of sup. 
pressing hydrolysis and oxidation leading to the formation of 
acid. 

Vorlinder (Ber., 1919, 52, 262) suggested that a positive pole 
attached to the benzene nucleus is meta-orienting and it has beep 
shown that the introduction of successive saturated carbon atoms 
between a positive pole and the nucleus diminishes somewhat the 
meta-orienting effect (Fliirscheim and Holmes, J., 1926, 1562; 
Ing and Robinson, ibid., p. 1655; Goss, Ingold, and Wilson, ibid, 
p. 2440; Goss, Hanhart, and Ingold, J., 1927, 250). Ingold (Amn. 
Reports, 1926, 23, 131) suggests that the introduction of unsatur. 
ated carbon atoms between a positive pole and the benzene nuclens 
should cause a more rapid damping of the meta-orienting influence, 
but this is not borne out in the case of benzaldoxime and N-methyl. 


benzaldoxime, which, in the presence of concentrated sulphuric 
Me 


acid, must be regarded as CHPLN<G, and CHPAIN< Og Te- 
spectively. Both these compounds on nitration gave m-nitro. 
derivatives; the yields were poor and no indication of the production 
of o- and p-derivatives was obtained. 

Since O-methylbenzaldoxime seems quite devoid of basic properties 
(Brady, Dunn, and Goldstein, J., 1926, 2388), its nitration is of 
particular interest. Although a monosubstituted benzene deriv. 
ative, it resists the action of nitrating agents in an extraordinary 
manner: treatment with a mixture of fuming sulphuric acid and 
fuming nitric acid at room temperature gave about 10°% of O-methyl- 
m-nitrobenzaldoxime, but a large amount of O-methylbenzald. 
oxime was recovered unchanged, and even after warming with the 
nitrating acid much O-methylbenzaldoxime was unacted upon. 
This abnormal behaviour is in line with the general unreactivity 
of O-methylbenzaldoxime (e.g., its resistance to hydrolysis by acids 
or alkalis and its non-basic properties) and suggests that the 
-CH:N-OMe group in conjunction with the benzene ring represents 
a system in which free affinity is reduced to a minimum. This 
may be sufficient to explain why the substitution that occurs is 
in the meta-position. 

When other strongly directive groups are present, the orienting 
effect of the aldoximino-group is not apparent; e.g., when p-meth- 
oxy-, 3:4-methylenedioxy-, and 3-methoxy-4-hydroxy-benzald- 
oximes are nitrated, the nitro-group enters in the 3-, 6-, and 5 
positions, respectively, as in the case of the corresponding aldehydes. 
The O-methyl ethers of p-methoxy- and 3: 4-methylenedioxy- 
benzaldoximes are readily nitrated, the nitro-group entering in the 
3- and 6-positions, respectively. 
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EXPERIMENTAL. 


«-Benzaldoxime.—The nitrating acid was prepared by adding 
120 g. of fuming sulphuric acid (10° SO,) to 12 c.c. of nitric acid 
(d 1-42), through which a current of air had been passed to remove 
nitrous acid as completely as possible. 

«-Benzaldoxime (12 g.) was added with stirring to the above 
nitrating acid (54 g.), cooled in ice, at such a rate that the tem- 
perature did not rise above 0°; after a short time, the mixture was 
poured on ice. The red pasty mass thus obtained solidified after 
being washed with water. It was ground with 2N-sodium hydr- 
oxide, and to the yellow solution, filtered after dilution, an excess 
of a saturated solution of ammonium chloride was added. The 
precipitated oxime was collected, washed, dried, and crystallised 
from benzene-light petroleum, 4-5 g. (30% of the calculated amount) 
of m-nitrobenzaldoxime (m. p. 120°), identified by comparison with 
an authentic specimen, being obtained. 

In a second experiment the precipitated oxime was collected 
and that dissolved in the mother-liquor was recovered by extraction 
with chloroform. The whole of the oxime so obtained was crystal- 
lised from benzene-light petroleum: the greater part of the m- 
nitrobenzaldoxime having thus been removed, the mother-liquor 
was examined for o- or p-derivative. It was evaporated to dryness, 
and the residue hydrolysed by heating under reflux with con- 
centrated hydrochloric acid for 3 hours. After cooling, dilution, 
extraction with chloroform, and removal of the solvent 0-5 g. of 
aldehyde was obtained; this was converted into the phenyl- 
hydrazone, fractional crystallisation of which gave no indication 
of the presence of the o- or p-nitro-compound, the fractions melting 
at 120—121° and not depressing the melting point of m-nitro- 
benzaldehydephenylhydrazone (m. p. 122°) (compare Brady and 
Harris, J., 1923, 123, 485). 

«-O-Methylbenzaldoxime.—x-O-Methylbenzaldoxime (5 g.), dis- 
solved in ice-cold concentrated sulphuric acid (10 g.), was added 
at 0° to 20 g. of a nitrating acid made by adding 85 g. of concentrated 
sulphuric acid to 10 c.c. of nitric acid (d 1-5). When the mixture 
had attained room temperature, a portion was poured on ice; the 
ol obtained was largely O-methylbenzaldoxime; other portions 
were warmed to various temperatures not exceeding 80°, but in 
no case was there any indication of nitration. 

0-Methylbenzaldoxime (2 c.c.) was added cautiously to fuming 
nitric acid (5 c.c.) at room temperature: when about half had 
been added, a brisk effervescence occurred. At the end of the 
reaction the solution was poured on ice, the odour of benzaldehyde 
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being then very perceptible. The benzaldehyde was extracted 
with ether, isolated in the form of the sodium bisulphite com. 
pound, regenerated, and identified by conversion into the semicarb. 
azone. 

O-Methylbenzaldoxime (5 g.) was added slowly to 10 c.c. of a 
nitrating acid (made by adding 78 g. of fuming sulphuric acid to 
13-3 c.c. of fuming nitric acid), cooled in running water; consider. 
able frothing occurred. After remaining at room temperature for 
1} hours, the mixture was poured on ice and then extracted with 
chloroform. The chloroform solution was shaken with 2N-sodium 
carbonate, and the reddish-yellow aqueous layer obtained, on being 
acidified and extracted with ether, gave about 0-1 g. of impure 
m-nitrobenzoic acid. The chloroform solution was then shaken 
with sodium bisulphite solution; no solid separated and the bi- 
sulphite solution, when distilled with sodium carbonate, gave no 
aldehyde. The chloroform solution was dried over anhydrous 
sodium sulphate, most of the solvent removed, and the residue 
fractionated, 1-1 g. of unchanged O-methylbenzaldoxime being 
collected at 180—200°. An ethereal solution of the residue in the 
flask was filtered from a small amount of tar and evaporated ; the 
residual oil, which still had a strong odour of O-methylbenzaldoxime, 
was seeded with a minute trace of O-methyl-m-nitrobenzaldoxime 
and scratched vigorously, crystals beginning to separate after some 
minutes. The mixture was kept in a desiccator for 4 days and 
the crystals were then collected, pressed on a tile, and crystallised 
from dilute alcohol; the O-methyl-m-nitrobenzaldoxime (0-5 g.) 
obtained was identified in the usual way. The residual oil, probably 
mainly O-methylbenzaldoxime, weighed 0-76 g., and therefore 
about 50% of the O-ether was accounted for. 

N-Methylbenzaldoxime.—Finely powdered N-methylbenzaldoxime 
(5 g.) was sprinkled cautiously with stirring into 7-5 c.c. of a 
nitrating acid (made from 78 g. of fuming sulphuric acid and 13-3 c.c. 
of fuming nitric acid and freed from nitrous acid by addition of 
urea), the temperature being kept below 5°. The mixture was 
poured on ice and extracted with chloroform several times and 
the combined extracts were dried over anhydrous sodium sulphate 
and saturated with hydrogen chloride. The precipitated hydro- 
chloride was decomposed with 2N-sodium carbonate, the solid 
collected, and the solution extracted “with chloroform. The solid 
(m. p. 109—110°) together with that obtained by evaporating the 
chloroform weighed 0-77 g. and after crystailisation from benzene 
gave N-methyl-m-nitrobenzaldoxime, m. p. 117°. 

The mother-liquor from the crystallisation was evaporated, the 
residue hydrolysed by boiling with concentrated hydrochloric acid, 
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and, after dilution, the aldehyde was extracted with ether and 
converted into the phenylhydrazone, which was fractionally crystal- 
lised; no indication of the presence of o- or p-nitro-derivative was 
obtained. 

The filtrate from the hydrochloride precipitate was washed with 
sodium carbonate solution, dried, and evaporated and the residual 
oil was converted into a semicarbazone, 2-5 g., m. p. 209—210°, 
being obtained. This was apparently a mixture of the semicarb- 
azones of benzaldehyde and m-nitrobenzaldehyde, repeated crystal- 
lisations from alcohol giving a fairly pure specimen of the latter. 

In another experiment the chloroform solution, instead of being 
treated with hydrogen chloride, was thoroughly washed with water 
and distilled in a current of steam. The residual liquid, on extraction 
with chloroform, gave 1-14 g. of a mixture of N-methyl-m-nitro- 
benzaldoxime and m-nitrobenzaldehyde (m. p. 72—74°), from 
which 0-45 g. of N-methyl-m-nitrobenzaldoxime was isolated after 
several crystallisations from benzene. The chloroform layer in 
the distillate, after evaporating, gave 0-53 g. of an uncrystallisable 
oil with a strong odour of benzaldehyde. 

A solution of N-methylbenzaldoxime in acetic acid, on treatment 
with nitric acid, slowly turned green and a copious evolution of gas 
occurred owing to oxidation; addition of water precipitated 
benzaldehyde. 

«-p-Methoxybenzaldoxime.—The oxime (1 g.), dissolved in con- 
centrated sulphuric acid (4 c.c.), was added to 2-5 c.c. of a nitrating 
acid (prepared from concentrated sulphuric acid, 85 g., and 70% 
nitric acid, 15 c.c.), the temperature being kept below 10°. The 
mixture was poured on ice and extracted with chloroform and the 
extract was shaken with N-sodium hydroxide to remove oxime. 
The aqueous layer, on being saturated with carbon dioxide, gave a 
pale yellow precipitate which, after two crystallisations from 
benzene, gave 3-nitro-4-methoxybenzaldoxime. 

«-O-Methyl-p-methoxybenzaldoxime. — Preliminary experiments 
showed that when O-methyl-p-methoxybenzaldoxime was nitrated, 
a mixture of mono- and di-nitro-compounds was formed which was 
dificult to separate. The conditions were therefore chosen to 
favour the production of one or other of the compounds. 

0-Methyl-p-methoxybenzaldoxime (2-6 g.), dissolved in con- 
centrated sulphuric acid (15 c.c.), was added to 10 c.c. of a nitrating 
acid of the composition used in the case of O-methylbenzaldoxime, 
the temperature being kept below 30°. The solid obtained 
on pouring the mixture on ice was freed with difficulty from mono- 
nitro-compound by crystallising it four times from acetone and 
water; O-methyl-3 : 5-dinitro-4-methoxybenzaldoxime was then 
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obtained in colourless needles, m. p. 129° (Found: N, 169, 
C,H,O,N, requires N, 16-5%). 

O-Methyl-p-methoxybenzaldoxime (0:5 g.), dissolved in cop. 
centrated sulphuric acid (5 c.c.), was added to 3 c.c. of a nitrating 
acid (prepared from 90 g. of concentrated sulphuric acid and 5-2 ¢., 
of 70% nitric acid), the mixture being cooled in running water, 
On pouring it on ice, 0-54 g. of crude product was obtained, m. p, 
103—104°. Three crystallisations from alcohol gave slightly impure 
O-methyl-3-nitro-4-methoxybenzaldoxime, m. p. 116—117°, which, 
when mixed with a pure specimen (m. p. 120°), melted at 118—118-5°, 

a-3 : 4-Methylenedioxybenzaldoxime.—A solution of the oxime 
(2 g.) in acetic anhydride (10 c.c.) was added at 0° to 10 c.c. of a 
nitrating mixture prepared by adding nitric acid (3 c.c., d 1-5) to 
acetic anhydride (45 c.c.). After being kept for a short time on 
ice, the reaction mixture was poured into water. The orange oil 
obtained (2-4 g.), consisting of a mixture of oxime and acety 
derivative, solidified when scratched. It was then finely powdered 
and suspended in cold 2N-sodium hydroxide, dissolving after 12 
hours. Saturation of the solution with carbon dioxide precipitated 
6-nitro-3 : 4-methylenedioxybenzaldoxime (1-1 g.), which was 
obtained pure after crystallisation from benzene. 

a-O-Methyl-3 : 4-methylenedioxybenzaldoxime.—A_ solution of 0. 
methyl-3 : 4-methylenedioxybenzaldoxime (1 g.) in glacial acetic 
acid (10 c.c.) was added to a 5% solution of fuming nitric acid in 
acetic acid (13 ¢.c.). No action occurred, but on heating on the 
water-bath for 5 minutes the solution turned brown; after cooling, 
it was poured on ice, 1-29 g. of a pale yellow precipitate, m. p. 143’, 


being obtained. One crystallisation from dilute alcohol gav§ 


0-82 g. of pure O-methyl-6-nitro-3 : 4-methylenedioxybenzaldoxime, 
m. p. 147°. 

a-3-Methoxy-4-hydroxybenzaldoxime.—The oxime (1 g.) was dis- 
solved in glacial acetic acid (5 ¢.c.), and a 5% solution of fuming 
nitric acid in acetic acid (10 c.c.) added. The solution, which 
became dark, was immediately cooled in running water; 5-nitro- 
3-methoxy-4-hydroxybenzaldoxime then crystallised in almost 
quantitative yield. After being washed with a little acetic acid 
and with water and crystallised from alcohol, it gave the pur 
compound in excellent yield. 


Tue Ratrx Forster LABORATORIES OF ORGANIC CHEMISTRY, 
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XLIX.—The Addition of Bromine to Ethylenic 
Compounds in Non-hydroxylic Solvents. 


By Davin MatrHew Wiitiams and Tuomas CAMPBELL JAMES. 


Ir is generally stated that the addition of halogens to unsaturated 
ethylenic compounds in dilute solution takes place in accordance 
with the bimolecular law (Herz and Mylius, Ber., 1906, 39, 3816; 
Hofmann and Kirmreuther, Ber., 1909, 42, 4481; Barrett and 
Lapworth, P., 1907, 23, 18; Bauer and Moser, Ber., 1907, 40, 918; 
Sudborough and Thomas, J., 1910, 97, 715, 2450). In aqueous 
solution, the reaction takes place very rapidly, whilst in non-aqueous 
solvents the rate of addition is said to vary according to (i) the 
position of the ethylenic linkage, (ii) the presence of certain sub- 
stituent groups, (iii) the solvent, and (iv) the presence of catalysts 
and especially of light. Published results indicate that the rate of 
reaction is extremely sensitive to slight variation of these condi- 
tions; e.g., Sudborough and Thomas’s values for the velocity co- 
efficient for cinnamic acid and bromine vary from 0-9 x 10 to 
26 x 10 in series of experiments carried out under apparently 
identical conditions. 

We have examined the additien of bromine to a number of un- 
saturated acids and their derivatives in dry chloroform and carbon 
tetrachloride in the dark, and although these results are of a pre- 


aa liminary nature, we have reached the following general conclusions : 


1. The substances examined can be divided into three classes: 
i (2) Those to which bromine is added with considerable rapidity, 
the addition being accompanied by substitution and the formation 
of hydrogen bromide: the bimolecular velocity coefficient steadily 
decreases as the reaction proceeds. This class includes such diversely 


. constituted substances as oleic and elaidic acids, cis- and trans-o- 


methoxycinnamic acids, acids containing conjugated double bonds 
such as cinnamylideneacetic acid and its methyl ester, phenyl- 
styrylacrylic acid and furfurylacrylic acid. (b) Those to which 
bromine adds on slowly but with a measurable and increasing 
velocity, exhibiting a preliminary inhibition period. This class 
includes cinnamic acid and its methyl ester, crotonic acid, and 
methyl cinnamylidenemalonate. (c) Those to which no measurable 
addition takes place under the conditions investigated. This class 
includes compounds possessing cyclic structures, e.g., maleic 
anhydride and coumarin, and also «-phenylcinnamonitrile. 

The evidence obtained seems to show that the difference between 
the classes is not so much a question of degree as of type, and every 
substance examined fell naturally into one class or other. 


344 WILLIAMS AND JAMES: THE ADDITION OF BROMINE TO 


2. The position of the double bond, especially in the «-position 
to the carboxyl group, and of substituent groups in close proximity 
to the double bond (e.g., the nitrile group in «-phenylcinnamo. 
nitrile) have an important effect on the rate of addition (compar 
Sudborough and Thomas, loc. cit., p. 2452), but these are not the 
deciding factors as is shown by the behaviour of the o-methoxy. 
cinnamic acids and of the isomeric p-acid (Hariharan and Sud. 
borough, J. Ind. Inst. Sci., 1925, 8a, 193). 

3. The rapidity of addition to substances of class (a) above, is 
due to preliminary substitution, with the formation of hydrogen 
bromide in small amounts. This is borne out by the effect of the 
addition of quantities of hydrogen bromide to the reacting sub. 
stances of class (b), whereby the rates of addition are much accelerated 
and vary with the concentration of the catalyst. Hydrogen chloride 
and water produce similar effects to hydrogen bromide, although 
not of the same degree. In each case, the inhibition period dis. 
appears and the reaction becomes bimolecular. Addition to sub. 
stances of class (c) does not occur under the influence of any of the 
above catalysts. 

In general, the reactions were more rapid in chloroform than in 
carbon tetrachioride. 


EXPERIMENTAL. 


Purification of Materials—The solvents (carbon tetrachloride 
and chloroform) were washed with acid, alkali, and water, then dried 
for extended periods over calcium chloride, and finally distilled over 
phosphorus pentoxide. The bromine was shaken with concen. 
trated sulphuric acid, purified by freezing several times until of 
constant melting point, and then distilled over pure potassium 
bromide. The acids and their derivatives were recrystallised until 
of constant melting point and finally dried for long periods ina 
vacuum. 

The method described by Sudborough and Thomas (loc. cit.) was 
followed in all essential details. Equal volumes of M /30-solutions 
of the unsaturated compound and of bromine in the purified solvent 
were mixed in brown bottles and kept in a thermostat at 13° ina 
darkroom. After definite intervals of time the reaction was stoppel 
by the addition of a definite volume of 0-1N-potassium iodide, 
followed, after shaking, by a definite excess of N/30-sodium thio- 
sulphate. After shaking until the iodine had been completely 
absorbed from the solvent layer, the excess of thiosulphate was 
estimated by back titration with N/30-iodine solution. From 
these data, calculation gave the amount of unabsorbed bromine 
remaining in the reaction mixture. 
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In subsequent experiments it was possible, for substances of class 
(), to use a single reaction vessel with all-glass, air-tight fittings, 
fom which samples of the reaction mixture were expelled into 
potassium iodide solution by forcing in dry air. These samples 
were weighed and analysed as before. Results obtained in this way 
were in general agreement with those previously obtained but more 
consistent amongst themselves. 

In studying the effects of hydrogen chloride and hydrogen bromide 
as catalysts, small, definite volumes of saturated solutions of these 
gases in carbon tetrachloride were added to the reaction mixture, 
the decrease in the initial concentration of the reactants being thus 
known. Saturated solutions of hydrogen chloride and hydrogen 
bromide in carbon tetrachloride at 13° contain 0-42 and 1-80% of the 
gases, respectively. 

TABLE I. 
Temperature 13°, unless otherwise stated. 
Approx. Period k, 
inhibition for - ; ~ 
period 25% first last 
Substance. (hours). change. value. value. 


Class (a). 


tirans-o-C.H,(OMe)-CH:CH-CO,H 0-01 074 102 


0-02 ,978 126 


*eig- = 0-01 ,824 144 
*C,H;-CH:CH-CH:CH-CO,H 0-01 882 174 
1C,H;-CH:CH-CH:CH-CO,Me ... - 0-02 97°8 5-4 
¢ ae pe 0-01 2,562 420 
*C,H,-CH:CH-CH:CPh-CO,H 0-3 65: 42-0 
*C,H,0-CH:CH-CO,H 0-01 1,134 162 
*Oleic acid — 0-001 78,000 780 
0-001 102,000 3840 


Class (0). 
*C,H;-CH:CH-CO,H 2 65 0-078 0-792 
: 156 0-066 0-246 
(at 0°) ; 206 0-039 0-096 
t * (at 25-5°) ... 31 0-426 0-702 
(C,H;-CH:CH-CO,Me p 280 0-039 0-063 
*CH,-CH:CH-CO,H 8 195 0-063 0-120 
+C,H,-CH:CH-CH:C(CO,Me), ...... 2: 117 0-126 0-234 


99 


99 


7:0% change in 352 hours. 


5:4% change in 306 hours. 
5-8% change in 280 hours. 


* Indicates reactions in chloroform as solvent. 
+ Indicates reactions in carbon tetrachloride as solvent. 
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A constant water content in the solvent was obtained by the 
introduction of sodium sulphate-decahydrate salt-pair (compar 
Bury and Roberts, J., 1923, 123, 2037). If the vapour pressure of 
the salt-pair be taken as 7-91 mm. at 13° and that of water at 13° 
as 11-23 mm., the solvent will be 70% saturated with water in the 
presence of the salt—hydrate pair. 

The use of carbon tetrachloride as a solvent was limited, since 
many of the substances examined were not sufficiently soluble in it. 
In those cases, chloroform only was used. 

The results are shown in the tables, the bimolecular velocity 
coefficient, k = 1/t.x/a(a — x), being based upon time (¢) in hours 
and concentrations (a and 2) in g.-mols. per litre. Two typical 
results illustrating the variation of & in the addition of bromine to 
substances of classes (a) and (b) are afforded respectively by trans-o. § 
methoxycinnamic acid in chloroform, in which & fell continuously 
from 1074 to 102 during 2} hours, and by cinnamic acid in carbon 
tetrachloride, in which, after an induction period of some 15—2} 
hours, k rose from 0-066 at 69 hours to 0-246 at 247 hours. 

Table I summarises the results for all the substances used. Table 
II shows the effects of the three catalysts used. 


TABLE II. 


Solvent CCl,. 


Catalyst. (qa). ‘ bye ky. 
0-26 . 15-6 
0-53 . , 72-0 
1-08 
1-10 


. . 0-642 
Methyl] cinnamate 0-210 ~=0-102 


Column (a) gives the molar ratio of catalyst : bromine; column 
(6) gives the time (in hours) for 25% change; k, and ky are re- 
spectively the first and last values of k (generally up to 80%, 
addition). With water as catalyst the solvent was 70% saturated. 


Summary and Conclusion. 


The results tabulated above indicate that hydrogen bromide is 
a very effective catalyst in the addition reaction between ethylenic 
acids and bromine. Further, they suggest that when an unsaturated 
acid and bromine are brought into contact, the first reaction that 
occurs is substitution with the formation of hydrogen bromide ; this 
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in turn catalyses the addition reaction, which then proceeds in 
general much more rapidly than the substitution reaction. 

It is to be noted that the reactions described in this paper have 
been conducted in the absence of light. There is reason to believe 
that radiant energy gives rise to reactions of different type. 


One of us (D. M. W.) desires to record his indebtedness to the 
Department of Scientific and Industrial Research for a maintenance 
grant. 
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L.—Studies in the Sterol Group. Part II. The 
Formation of 4-Cholestene and Cholestenone by 
the Dry Distillation of Cholesterol. 


By Istpor Morris HEILBRON and WILFRED ARCHIBALD 
SEXTON. 


Tue effect of heat on cholesterol (I) was first studied by Diels and 
tLinn (Ber., 1908, 44, 260), who found that it was converted into a 
mixture of cholestenone (II) and §-cholesterol at 310°, hydrogen 
being evolved. Their statement that the dehydrogenation is due 
to the presence of minute quantities of iron or zinc in the cholesterol 
annot be substantiated. 


More recently, Fantl (Monaish., 1926, 47, 251) converted 
holesterol into cholesterilene, to which the structure (III) is 
scribed, by distillation with zinc dust under reduced pressure, the 
eaction being represented as a simple dehydration of the alcohol. 
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On the other hand, Windaus has shown (Annalen, 1927, 453, 101) 
that when cholesterol is heated with nickel in absence of hydrogen 
the saturated ketones cholestanone and coprostanone are produced, 
a result which he considers may be due to the formation of allo. 
cholesterol (V) prior to the intramolecular rearrangement. 

We have now found that the dry distillation of cholesterol 9 
atmospheric pressure gives rise to yet another reaction whereby, 
together with hydrogen, water, and a complex mixture of loy. 
boiling hydrocarbons, cholestenone and ¥-cholestene result. The 
former compound was isolated and recognised by means of its 
characteristic semicarbazone, and the identity of the ¥-cholestene 
was confirmed (a) by analysis, (b) by the melting point of a mixtur 
with ,-cholestene prepared by Mauthner’s method (Monatsh, 
1907, 28, 1113), (c) by means of its dibromide, and (d) through it 
catalytic hydrogenation to cholestane and ¥-cholestane. 

Fischer and Treibs (Annalen, 1926, 446, 241) also have noted th 
formation of -cholestene and hydrogen from boiling cholesten 
at a pressure of 300 mm., but they failed to detect cholestenone, 
They conclude that the reaction occurs through the intermediat: 
formation of cholesterilene (III), reduction to y-cholestene (IV 
supposedly occurring through 1: 4-addition. Although in agree 
ment with these authors that the latter compound is a direc 
reduction product of cholesterilene, we are unable to accept thei 
suggested mechanism for the following reasons. First, recent 
work by Windaus (Nachr. Ges. Wiss. Géttingen, Jan. 1926) point 
almost inevitably to the conclusion that y-cholestene has thé 
structure (VI) or (VII) and not the structure (IV) originally ascribed 
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to it (see Windaus, Ber., 1919, 52, 170), which formula indeed, : 
can be shown from models, could not possibly give rise to t™ 
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jsomeric saturated hydrocarbons. Secondly, there is distinct 
evidence that cholesterilene does not contain a conjugated linkage, 
as both Windaus (Ber., 1906, 39, 2261) and Fantl (loc. cit.) have 
failed to bring about its reduction by means of sodium and amyl 
alcohol. 

We regard the formation of ¥-cholestene as the result of two 
distinct reactions: (a) dehydration of part of the cholesterol to 
cholesterilene, and (6) dehydrogenation of a further part to chol- 
estenone, the hydrogen evolved in the latter reaction being utilised 
for the hydrogenation of the cholesterilene. Our experiments have 
led us to the conclusion that (b) takes place more readily than (a), 
and this interpretation is in full accord with the results obtained by 
other investigators. For instance, the failure of Diels and Linn 
(loc. cit.) to observe dehydration was doubtless due to their maximum 
temperature being considerably lower than ours. Similarly, in the 
reaction where Windaus employs nickel, a temperature of only 
220° was reached, and this again would account for the absence of 
either ¥-cholestene or its reduction products. A review of the 
evidence indeed seems to show that the dehydrogenation of the 
secondary alcohol group is the fundamental reaction which takes 
place during the decomposition of cholesterol by heat. 

It follows from the foregoing that one of the ethenoid linkages in 
m cholesterilene must occupy the same position as in ¥-cholestene, a 
® conclusion in complete agreement with the observed simultaneous 
production of cholestane and /-cholestane by its catalytic hydrogen- 
@ ation (Windaus and Seng, Z. physiol. Chem., 1921, 117, 158). The 
formation of the latter hydrocarbons is inexplicable on the assumption 
that (III) represents the true position of the ethenoid linkages in 
cholesterilene. 

EXPERIMENTAL. 

Cholesterol (200 g.) obtained from cod-liver oil, crystallised from 
ethyl acetate until the melting point was constant at 148-5°, and 
dried by prolonged heating in a steam-oven, was distilled in 50 g. 
lots, in a slow current of carbon dioxide, from a Jena glass flask 
fitted with a Liebig condenser through which water was run during 
the preliminary stages of the distillation. A second distillation 
flask served as receiver, the side arm of which was connected with 
U-tubes, surrounded by ice and salt, for collection of the highly 
volatile, low-boiling products; the gaseous portion, after passing 
through wash-bottles containing chloroform, was collected over 
alkali. The cholesterol was gently heated over a free flame and 
soon after it had melted a copious evolution of gas commenced. 
When the temperature had risen somewhat, the liquid began 
to distil, water and light oil passing over first, followed by a yellow 
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oil the colour and viscosity of which gradually increased until 
only red, syrup-like drops distilled. The distillation was stopped 
at this point and the reddish-yellow distillate (176 g.), which 
darkened rapidly on exposure to air, was taken up in ether, dried, 
and fractionally distilled, four fractions being collected: (a) 60— 
100°/atm. press. (3 g.), (b) 100—200°/atm. press. (12 g.), (c) 140— 
240°/13 mm. (21 g.), and (d) 240—310°/13 mm. (121 g.). The 
volatile liquid which had condensed in the U-tubes (4 g.) and frac. 
tion (a) were united and fractionally distilled, but a constant. 
boiling portion could be obtained neither from them nor from 
fractions (6b) and (c). These products are probably of the same 
complex nature as the compounds obtained by Fantl (loc. cit.) 
and by Steinkopf on heating cholesterol with kieselguhr (J. pr. 
Chem., 1919, 100, 65). 

¢-Cholestene. Fraction (d), which constituted the main portion, 
was dissolved in warm acetone, and the solution left for 2 days in 
the ice-chest; a crystalline solid (37 g.), m. p. 60—65°, had then 
separated. Repeated crystallisation of this from ether—alcohol 
gave colourless needles, m. p. 78°, which did not depress the m. p. 
of ¥-cholestene prepared by Mauthner’s method (loc. cit.) (Found: 
C, 87-7; H, 12-2. Calc. for C,,H,,: C, 87-6; H, 12-4%). The 
substance was further characterised by the preparation of its 
dibromide, needles, m. p. 116° (Mauthner, loc. cit., gives 116— 
117°), and also by the isolation of both cholestane and ¥-cholestane 
following its catalytic hydrogenation. This was carried out in dry 
ether at room temperature in the presence of palladium-black for 
50 hours, the pressure varying from 1 to 14 atmospheres; from 
3-5 g. of the initial material, 1-6 g. of pure cholestane, m. p. 80°, 
were obtained together with 1-0 g. of ¥-cholestane, m. p. 70—7I’. 
These two substances gave no depression of m. p. in admixture 
with cholestane and y-cholestane prepared from cholestene and 
cholesterilene, respectively. 

The specific rotations of ¥-cholestene obtained from three separ- 
ate distillations of cholesterol were determined in chloroform 
solution: [a]p = + 57-5° (c = 2-482), + 57-12° (c = 3-176), and 
+ 58-58° (c = 2-835). Fischer and Treibs (private communication) 
found [«]) = 43-30° for the ¥-cholestene obtained by them (compare 
Heilbron, Morton, and Sexton, this vol., p. 47). 

Cholestenone. After the separation of the y-cholestene, the 
acetone filtrate was concentrated, but no further crystalline sub- 
stance could be isolated. The whole of the acetone was removed 
and the residual oil was dissolved in alcohol and treated with 
excess of semicarbazide acetate. After 2 days the copious pre 
cipitate (62 g.) was filtered off, dried, and crystallised from alcohol; 
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the pure semicarbazone (m. p. 234°) separated in gelatinous form 
but gradually became crystalline. Cholestenone semicarbazone, 
prepared by the method of Diels and Abderhalden (Ber., 1904, 37, 
3101) melted at 234° and the m. p. of a mixture of the two substances 
showed no depression. 

After removal of the semicarbazone, the remaining solution was 
precipitated with water and the oil was extracted with ether and 
dred. The dark red oil (30 g.) was fractionally distilled in a 
yacuum. ‘The fractions were yellow, rapidly darkened on exposure 
toair, and failed to yield either solid material or bromo-derivatives. 


We desire to express our thanks to Mr. W. Doran, M.Sc., for his 
help in this work and also to the Advisory Council of the Depart- 
ment of Scientific and Industrial Research for a grant to one of us 
(W. A. 8.). 


THE UNIVERSITY, LIVERPOOL. [Received, September 16th, 1927.] 


L]L—The Chlorination of Anilides. Part II. The 
Decomposition of N-Chloroacetanilide by Heat. 


By Aan Epwin BRADFIELD. 


Ix any circumstances which are favourable to the initial production 
of a trace of chlorine, N-chloroacetanilide readily undergoes a two- 
stage transformation involving intermediate production of chlorine, 
and yields C-chloroacetanilides (Orton, Rep. Brit. Assoc., 1910, 85) ; 
consequently, it seemed probable that the well-known and profound 
decomposition of the substance above its melting point followed the 
same course. Porter and Wilbur’s recent statement (J. Amer. Chem. 
Soc., 1927, 49, 2145) that when N-chloroacetanilide is heated at 
100° it undergoes a one-stage rearrangement, yielding “ almost 
exclusively ” p-chloroacetanilide, was therefore surprising. 
Observations in these laboratories show that when slowly heated 
in an air-jacketed melting-point apparatus of the Beckmann type, 
Y-chloroacetanilide melts at 87—88° to a golden liquid with a slight 
surface scum. If the bath temperature be maintained stationary 
at 100°, no apparent change takes place for 30 minutes, but the 
temperature of the molten chloroamide then slowly rises to 110°, and 
a violent reaction starts, during which the temperature momentarily 
tises to above 200°. Considerable darkening takes place, and, on 
cooling, the contents of the tube set to a mass of purple crystals. 
When a similar reaction takes place in a sealed tube, acid vapours 
are evolved on opening and the product, which melts indefinitely 
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between 50° and 150° (Product I), has the peculiar quinone-like 
odour associated with the products of chlorination of acetanilide. 
When the sealed tubes are heated in a boiling water-bath (following 
Porter and Wilbur, loc. cit.) the rise of temperature is probably to 
some extent prevented (the tubes frequently burst), but the product, 
although lighter in colour, is of approximately the same composition 
(Product Il). The anilides present in each product were separated 
as pure substances of correct melting point by methods previously 
recorded (Orton and W. Jones, J., 1909, 95, 1056; Orton and 
Bradfield, J., 1927, 986). 


Product I. Product II. 
From 20 g. of N-chloro- From 4 g. of N-chloro. 
acetanilide in air- acetanilide in water. 

bath at 100°. bath at 100°. 

Recovered anilides : ; : g. %. 

o-Chloroacetanilide 0-66 6 
p-Chloroacetanilide ...... 2-03 ( 
2 : 4-Dichloroacetanilide 0-16 4. 
Acetanilide.........ccccccees 


~~ 


2-85 1-3 


i PIs w 
awceor 


I 


The formation of 2 : 4-dichloroacetanilide indicates that, contrary 
to the opinion of Porter and Wilbur, chlorine appears during the 
reaction, as in aqueous-acetic acid solutions. 

In view of the discrepancy, the following details are appended. 

By titration (which indicates impurity with an accuracy of 
2 parts in 1000 parts) the chlorine content of an average specimen of 
N-chloroacetanilide (Chattaway and Orton, J., 1899, 75, 1046: 
1901, 79, 274) is ca. 20-8% (Cale. : Cl, 20-93%).* Such material does 
not differ in behaviour from the most carefully purified substance 
(Found: Cl, 20-95°%). The sealed tubes (made from soft glass, 
1 cm. internal diameter), which were cleaned with chromic acid, 
washed with water, and dried with a current of warm air, were filled 
to a depth of 7-5 cm. by a charge of 3 g. of N-chloroacetanilide, and 
were sealed, with precautions to avoid the entry of flame gases, at 
18—20 cm. from the rounded end. The action of ultra-violet light 
has not been examined in these laboratories. 


The author wishes to express his thanks to Professor K. J. P. 
Orton, F.R.S., for much helpful advice and criticism. 


UNIVERSITY COLLEGE oF N. WALES, 
BANGOR. [Received, December 29th, 1927.] 


* The melting point of N-chloroacetanilide depends on the rate of heating. 
The highest value observed in these laboratories is 90—90°5° with rapid 
heating. 
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Fad 
/ LIL.—Syntheses in the Phenazine Series. 


By Hamitton McComBiz, HaroLtp ARCHIBALD SCARBOROUGH, 
and WILLIAM ALEXANDER WATERS. 


Or the simpler homologues and substitution derivatives of phen- 
aine itself, very few substances other than amino- or oxy-deriv- 
atives have been recorded in the literature, and the properties of 
these substances are quite unknown. 

2-Methylphenazine (Merz, Ber., 1886, 19, 725; Bernthsen and 
Schweitzer, Annalen, 1886, 236, 337), 2: 3-dimethylphenazine 


| (Diepholder, Ber., 1909, 42, 2922), and 2 : 6-dimethylphenazine 


(Bamberger and Ham, Annalen, 1911, 382, 82) have been prepared, 
but no other homologues of phenazine are known. Of the halogen 
derivatives, the only substances on record are the 2 : 6-disubstituted 
compounds prepared from nitroso-derivatives by Bamberger and 
Ham (loc. cit.). Only two nitro-derivatives of phenazine are 
known, both of which may be prepared from phenazine itself 
(Kehrmann and Havas, Ber., 1913, 46, 347). None of these sub- 
stances, however, has been obtained except in very small quantities. 

With a view to the eventual examination of the properties of 
substituted phenazine derivatives, the known general methods for 
the formation of the phenazine ring system have been applied to 
the synthesis of certain simple substituted compounds. As a 
result, completed syntheses of 1-methylphenazine (I), 2-methoxy- 
phenazine (11), 2-chlorophenazine, and 2-bromophenazine are described 
in the experimental portion of this paper, together with an attempted 
synthesis of sires cor 


N 


NH 
“OS CQO OLQO 
a 


N HN-CO 


Search of the literature has shown that only two general methods 
for the formation of the phenazine ring system exist : both of these 
have been utilised. 

Of these methods, however, the condensation of an o-quinone 
with an o-phenylenediamine derivative (Kehrmann and Cherpillod, 
Helv. Chim. Acta, 1924, 7, 975; Kehrmann and Mermod, ibid., 
1927, 10, 62) can never be of practical value on the large scale 
unless the difficulties in the preparation of suitable quantities of 
0-benzoquinones can be overcome. 

The alternative method of preparation of a derivative of o-nitro- 
diphenylamine, reduction to the o-amino-derivative, and subsequent 


364 MCOOMBIE, SCARBOROUGH, AND WATERS : 


ring closure by eliminating 4 hydrogen atoms would appear fy 
more suitable, but severe practical difficulties have been encountered, 
It has been found that the method of the final ring closure with the 
use of anhydrous sodium acetate, as described by Kehrmann anj 
Havas (loc. cit.) for the preparation of phenazine itself, although 
suitable for the production of moderate quantities of this sub. 
stance, is not successfully applicable for the preparation of sub. 
stituted phenazines, as, in the cases studied, great charring took 
place and at most only traces of the desired product could be 
obtained. The earlier method of ring closure, by heating the 
o-aminodiphenylamine derivative with litharge (O. Fischer and 
Heiler, Ber., 1893, 26, 378), however, has been found of general 
application, except in the case of 2-amino-2'-methoxydipheny. 
amine, which loses its methoxy-group, presumably by the elimin. 
ation of methyl alcohol, yielding phenazine itself and not a sub. 
stituted phenazine. The yields in this reaction, however, ar 
always of the order of 5% of that demanded by the theory. As, 
in addition, considerable difficulty has been experienced, in the 
first stages of the syntheses, in obtaining satisfactory yields of 
certain of the o-nitrodiphenylamine derivatives, it cannot be said 
that any convenient method has yet been found for the preparation 
of phenazine derivatives in bulk. 

The phenazine derivatives prepared are all slightly volatile in 
steam and sublime unchanged. They form bright yellow solutions 
in mineral acids, from which they may be precipitated by dilution 
or by neutralisation of the acid. They give no coloration with 
ferric chloride, in contrast to the o-phenylenediamines from which 
they have been prepared, and this difference in behaviour has 
been utilised as a test of the purity of the phenazine derivatives. 
The mono-substituted phenazines all have lower melting points than 
phenazine itself. 

The syntheses of the methoxyphenazines are of considerable 
interest in connexion with the elucidation of the structure of the 
bacterial pigment ‘‘ pyocyanine ” that has been under investigation 
by two of the authors (J., 1923, 123, 3278). Recent work by 
Wrede and Strack (Z. physiol. Chem., 1924, 140, 1; 1925, 142, 
103) has shown that pyocyanine on hydrolysis with weak alkali 
yields a yellow sublimable substance, ‘‘ hemipyocyanine,” m. p. 
157°, of formula C,,H,,ON, (or possibly formula III), which yields 
phenazine on distillation with zinc dust. Hemipyocyanine in con- 
sequence might probably have the structure of a methoxyphenazine, 
or of a C- or N-methylhydroxyphenazine. Further, the yellow 
colour and the ease of sublimation of hemipyocyanine are both 
typical of the behaviour of phenazine derivatives. The synthesis 
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 gescribed in this paper of 2-methoxyphenazine, and the fact that 


itis not identical with hemipyocyanine, have eliminated one of the 
more probable of the formulz for this substance. 

The alternative structure of a 7-membered ring lactam (III) as 
suggested by Wrede and Strack (loc. cit.) has been considered. 
Attempts were made to synthesise this substance from 2-amino- 
diphenylamine-2’-carboxylic acid, but it has not yet been found 
possible to bring about the desired ring closure. No products have 
heen obtained having properties resembling those of “ hemipyocy- 
anine.”” 

EXPERIMENTAL. 

1-Methylphenazine was prepared by the following methods: 
(a) 4 G. of 3-nitro-o-toluidine, dissolved in 200 c.c. of moist ether, 
were reduced to 2 : 3-tolylenediamine by means of 3 g. of aluminium 
amalgam, and the resulting solution was dried over fused sodium 
sulphate. This was then mixed with a solution of 2 g. of o-benzo- 
quinone (Willstatter and Miiller, Ber., 1908, 41, 2580) in 200 c.c. 
of dry ether and kept for 2 days over 10 g. of finely powdered fused 
sodium sulphate. The dark-coloured solution was shaken suc- 
cessively with dilute hydrochloric acid and with dilute sodium 
hydroxide solution till no more colouring matters were removed. 
The residual pale yellow ethereal layer, on evaporation, yielded a 
small quantity of 1l-methylphenazine which, after crystallisation 
from hot water, melted at 108° alone or mixed with the product 
prepared by the alternative method (6). 

(b) 2-Nitro-2'-methyldiphenylamine was obtained in 10% yield 
by heating at 220—-240° for 20 hours a mixture of 50 g. of o-chloro- 
nitrobenzene, 70 g. of o-toluidine, and 50 g. of powdered anhydrous 
sodium acetate. The required product was separated by removing 
all volatile substances by steam distillation and then repeatedly 
crystallising the dark-coloured residue from alcohol, orange-yellow 
needles, m. p. 76°, being obtained (Found: C, 68-45; H, 5-3. 
C,3H,.0.N, requires C, 68:4; H, 53%). On reduction with 
stannous chloride and hydrochloric acid in alcoholic solution this 
substance yielded the tin double salt of 2-amino-2'-methyldiphenyl- 
amine. This double salt was dissolved in hot alcohol, the tin 
hydroxide precipitated by the addition of excess of concentrated 
ammonia, and the free base isolated from the filtrate by dilution 
with water, sodium hyposulphite (Na,S,O,) being added to prevent 
atmospheric oxidation of the diamine to a purple azine dye. The 
base crystallised from light petroleum (b. p. 40—60°) in needles, 
m. p. 64° (Found: N, 14-1. C,,;H,,N, requires N, 14-15%). The 
dry diamine, mixed with four times its weight of litharge, was 
heated to 200—240° under reduced pressure in a boat placed in a 
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long wide combustion tube. The vapours were passed through a 
heated column of litharge supported on pumice, to complete the 
reaction, and then condensed in the further cool portion of the 
tube. The sublimate of 1-methylphenazine, after further purification 
by distillation in steam, crystallised from hot water in pale yelloy 
needles, m. p. 108° (Found: N, 14-45. C,H, )N, requires N. 
14-45%). The substance gave no coloration with ferric chloride, 
The chloroplatinate [Found: Pt, 23-2. (C,3H,)N.).,H,PtCl,,HG 
requires Pt, 23-4°%] formed fine orange needles that decomposed 
gradually on heating above 200°. 

2-Chlorophenazine was prepared from 4'-chloro-2-nitrodiphenyl. 
amine, m. p. 146°, which was obtained from o-chloronitrobenzene 
and p-chloroaniline, and was then reduced to the corresponding 
diamine, m. p. 119° (Wilberg, Ber., 1902, 35, 957). By heating with 
litharge, by the method already described for the preparation of 
1-methylphenazine, 2-chlorophenazine was obtained. After crystal- 
lisation from dilute ethyl alcohol, it formed yellow needles, m. p. 
139° (Found: Cl, 16-7; C, 67-2; H, 3-4. C,,H,N,Cl requires 
Cl, 16-5; C, 67-15; H, 33%). Only minute quantities of this 
substance could be obtained by the condensation with sodium acetate 
as described for phenazine by Kehrmann and Havas (loc. cit.). 

2-Bromophenazine was prepared from 4’-bromo-2-nitrodiphenyl. 
amine, which was obtained in 10—20% yield by heating at 200° 
for 20 hours a mixture of 30 g. of o-chloronitrobenzene, 40 g. of 
p-bromoaniline, and 50 g. of powdered anhydrous sodium acetate, 
and isolated by removing all volatile matter by steam distillation, 
extracting the residual black solid with ether, and recrystallising 
the extract from a large volume of alcohol; .it then formed red 
needles, m. p. 167° (Found: Br, 27-2. C,,.H,O,N,Br requires Br, 
27:-3%). This substance was converted into 4’-bromo-2-amino- 
diphenylamine by reduction with the requisite amount of stannous 
chloride and hydrochloric acid in alcoholic solution. (With excess 
of stannous chloride, bromine was eliminated, 2-aminodiphenyl 
amine being formed.) The pure base crystallised from light petrol. 
eum (b. p. 60—80°) in needles, m. p. 128° (Found: Br, 30/7. 
C,.H,,N,Br requires Br, 30-4%). The diamine, on heating with 
excess of litharge, gave 2-bromophenazine, which crystallised from 
methyl alcohol in long, yellow needles, m. p. 150° (Found: Br, 
30-65; C, 56-0; H, 2-7. C,,H,N,Br requires Br, 30-9; C, 554; 
H, 2-7%). 

2-Methoxyphenazine was prepared from 2-nitro-4'-methoxydipheny- 
amine by heating together 30 g. of each of o-chloronitrobenzene, 
p-anisidine, and powdered anhydrous sodium acetate at 200—22(' 
for 16 hours (yield, 40 g.). The nitro-amine was separated by 
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removing all volatile matter by steam distillation, extracting the 
solid residue with ether, and crystallising the extract from alcohol; 
it formed orange-red prisms, m. p. 89° (Found: C, 63-6, 63-8; 
H, 5:1, 5-1. C,,H,.O0,N, requires C, 63-9; H, 5-0%). Well- 
formed crystals could easily be obtained from solutions in ether, 
and a crystallographic ex- 
amination of these has been 

carried out by Mr. E. C. 

Bullard, of Clare College, in 97, a 
the Mineralogical Museum, 
Cambridge, under the direc- 
tion of Professor A. Hutchin- 
on, F.R.S., to whom the 
aithors are indebted for the 
following report. 

The crystals were:of a 
typical oblique habit show- 
ing m (110), C (001) large ; 
x (101) medium; A (100), 
and o (111) small ;. together 
with small faces of r (011); 11 
e(111) and o (122) on certain ~ 
of the crystals. 101 

The best faces were measured on six crystals, a one-circle gonio- 
meter being used : 


Angle measured. Mean angle. Possible error. 

A:@ = (100): (001) 55° 14’ 12’ 

a : A’ = (101): (100) 74° 21’ 10’ 

A:m = (100) : (110) 39° 22’ 12’ 
From these results the calculated angular elements of the crystal 
are: 180° — 8 = 55° 14’; a:b:¢ = 1-008:1:0-799. The optical 
properties of the crystal were found to be : Mean refractive index = 
1-73—1-74 for red light; extinction angle on plane B = 61° from 
edge m: A; optic axial angle, 2V = 74°; dispersion p<v. 

On reduction of 2-nitro-4'-methoxydiphenylamine with stannous 
chloride and hydrochloric acid in alcoholic solution 2-amino-4'- 
methoxydiphenylamine was produced, and this was isolated from 
the tin double salt by the method previously described for the 
preparation of 2-amino-2’-methyldiphenylamine. The pure base 
crystallised from light petroleum (b. p. 60—80°) in needles, m. p. 
78° (Found: C, 72-6; H, 6-55. C,,H,,ON, requires C, 72-9; H, 
65%). This base, when heated with litharge according to the 
standard procedure already given, yielded 2-methoxyphenazine, 
which crystallised from hot water in fine, yellow needles, slightly 

N2 
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volatile in steam; m. p. 126° (Found: C, 73-9; H, 4:7; N, 13:3, 
C,,H,,ON, requires C, 74:25; H, 4:8; N, 13-3%). The chloro. 
platinate [Found: Pt, 21-95, 21:9. (C,3H,9ON,).,H,PtCl,,2Hq 
requires Pt, 21-6%] formed fine, orange plates which gradually 
decomposed on heating above 250°. 

Attempted Synthesis of 1-Methoxyphenazine—30 G. each of 
o-chloronitrobenzene, o-anisidine, and powdered anhydrous sodium 
acetate, on heating together for 20 hours at 200°, condensed to 
form 2-nitro-2'-methoxydiphenylamine (20 g.), which was. separated 
by the method used for the 4’-methoxy-isomeride. It crystallised 
from alcohol in red needles, m. p. 83° (Found: C, 63-8; H, 54: 
N, 11-55. C,,H,,0,N, requires C, 63-9; H, 5-0; N, 11-5%). On 
reduction with stannous chloride and hydrochloric acid 2-amino. 
2’-methoxydiphenylamine was obtained; which crystallised from 
light petroleum (b. p. 40—60°) in coléurless prisms, m. p. 58° 
(Found: N, 13-3. C,;H,,ON, requires N,:13-1%). On heating 
with litharge a yellow sublimate was obtained from which only 
phenazine, m. p. 171°, alone or mixed with a specimen prepared 
by the method of Kehrmann and Havas (loc. cit.), could be isolated, 
Other methods of ring closure were attempted, none of which 
yielded any trace of a phenazine derivative. 

Investigation of 2-Aminodiphenylamine-2’-carboxylic Acid.—?. 
Nitrodiphenylamine-2’-carboxylic acid (UlImann and Maag, Annalen, 
1907, 355, 327; Goldberg, Ber., 1906, 39, 1691) was prepared 
conveniently from anthranilic acid and o-chloronitrobenzene. Qn 
reduction with stannous chloride and hydrochloric acid in alcoholic 
solution, the tin double salt of 2-aminodiphenylamine-2'-carboxylic 
acid crystallised in needles. These on decomposition with ammonia 
yielded a soluble salt of the acid, and the free acid was obtained on 
acidification. It crystallised from alcohol in plates, m. p. 204° 
(decomp.), and was practically insoluble in boiling benzene or 
boiling toluene (Found: N, 12-2. C,3;H,,0,N, requires N, 12-39%). 
It readily oxidised in moist air to a purple azine dye. 

On passing dry hydrogen chloride into a solution in absolute 
alcohol, the hydrochloride of the amino-acid was obtained as long, 
colourless needles that remained unchanged even after prolonged 
boiling of the solution (Found: N, 10-6. C,,;H,,0,N,,HCl requires 
N, 10-6%) and gave ionic chlorine on treatment with water. The 
hydrochloride decomposed at about 240°. The same substance 
was obtained as the main product on treatment of the amino- 
acid with thionyl chloride at room temperature. There was also 
small quantity of a substance easily soluble in light petroleum, from 
which no pure product could be isolated. 

The free amino-acid, on heating at 250° for 1 hour, charred with 
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evolution of some carbon dioxide. From the residue, a green 
solid, m. p. 255° (decomp.), has been obtained which may possibly 
correspond to 4-aminoacridone (Ullmann and Maag, Ber., 1907, 
40, 2522). A similar substance appears to be produced by the 
action of concentrated sulphuric acid on the amino-acid. 


THE UNIVERSITY CHEMICAL LABORATORIES, 
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LIII.—The Constituents of Indian Turpentine from 
Pinus longifolia, Roxb. Part IV. 


By P. PARAMESWARAN Piuiay and JoHN LIONEL SIMONSEN. 


Iv Part II of this series (J., 1923, 123, 550) attention was directed 
to the fact that, although the oxidation of d-A‘-carene with 
potassium permanganate in acetone solution proceeded smoothly 
with formation of d-1 : 1-dimethyl-2-y-ketobutylcyclopropane-3- 
carboxylic acid, the oxidation of d-A®-carene (I) under analogous con 
ditions did not yield the isomeric keto-acid, C,,H,,0, (VI), but pro- 
ceeded in a more complex manner. The main products of the latter 
oxidation were two hydroxy-acids (V), the suggested mechanism 


of their formation being represented by the following scheme : 


CMe:0H 


Fe 
Co OH, 
> CH, CH 


pt ne YUM 
2 2 


(I.) (II.) (III.) 
CMe:0H CMe:OH CHMe 


on oH, (6,8 CH, CO,H CH,Ac ona UH, 


H 7m ~* CO,H CH CH, CH OH-CH CH 
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(IV.) (V.) (VI.) (VII.) 


It appeared to us of interest to attempt (i) the preparation of the 
keto-acid (VI) and (ii) to determine whether the scheme outlined 
above actually represents the mechanism of the oxidation of the 
hydrocarbon. 

The simplest method for the preparation of the keto-acid is 
the oxidation of the terpene with ozone and in preliminary 
experiments, made over 2 years ago, evidence of its formation was 
obtained. Unfortunately, owing to a breakdown in our apparatus, 
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those experiments had to be temporarily abandoned and in the 
meantime Semmler (Ber., 1927, 60, 1591) has described the results 
of his experiments on the oxidation of A?-carene with this reagent 
and has rendered unnecessary a resumption of our work. 
To solve the second part of our problem it was necessary to devige 
a convenient method for the preparation of the glycol (II). This 
substance is formed in smal] yield when d-A*-carene is oxidised with 
potassium permanganate in alkaline solution (J., 1920, 117, 576), 
but the process is quite unsuited to its preparation in quantity. 4 
good yield of a glycol was obtained by using hydrogen peroxide: 
although in the case of pinene fission of the dicyclic structure occurs 
(Henderson and collaborators, J., 1912, 101, 2288 et seq.), the main 
product from d-A*-carene is carene glycol. The glycol, however, is 
not identical with the one previously described. When anhydrous, 
it has m. p. 90—91° and is optically inactive both in ethyl-alcoholic 
and in chloroform solution, whereas the latter has m. p. 69—70° and 
in chloroform solution [«]) + 16-05°. The glycols may represent 
cis- and trans-modifications; optical isomerism, however, is not 
impossible, since two new asymmetric centres are formed in the 
oxidation. In the absence of definite evidence, we propose to call 
the glycol of m. p. 69—70°, d-carene-«-glycol and that of m. p. 
90—91°, d-carene-8-glycol. 
(The prefix “‘d”’ is retained, since the 8-glycol yields optically active 
derivatives and the optical inactivity is therefore only “‘apparent.”) 
d-Carene-8-glycol is stable to potassium permanganate in cold 
acetone and is only very slowly attacked on warming. Attempts to 
oxidise it to the hydroxy-ketone (III) were unsuccessful. It contains, 
however, a secondary alcohol group, since, when heated with phthalic 
anhydride at 110° for some hours, it yields an acid phthalate. The 
formation of this monoacid phthalate furnishes strong evidence 
against the glycol having formula (VII) (compare loc. cit., p. 551). 
When the glycol is treated with dilute sulphuric acid it yields a 
mixture of p-cymene and an oil, b. p. 152°/100 mm., which is 
strongly levorotatory. This oil appears to be |-carene oxide (VIII) 
and although it was not obtained quite pure (see p. 363) there can 
be little doubt as to its constitution, since when it is heated with 
phthalic anhydride to 160° it yields the 8-glycol acid phthalate. 


O—-CMe CHMe CMe-OH 
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The formation of the oxide in this way was somewhat unexpected, 
since it was anticipated, in view of the instability of cyclohexene 
oxide (Brunel, Compt. rend., 1903, 137, 62), that either the isomeric 
ketone (LX) or the unsaturated alcohol (X) would be formed. 
Evidence of the formation of the ketone (IX) was, however, obtained, 
since the impure oxide in contact with semicarbazide acetate for 
some months gave a semicarbazone, C,,H,,ON,; the quantity 
obtained was insufficient for the isolation of the ketone. The oxide 
is remarkably stable and does not undergo hydration even when 
shaken with sulphuric acid for some days. This stability is 
probably connected with the dicyclic structure containing the 
gem-dimethyl group, the marked influence of this group on ring 
formation having been frequently commented upon, especially by 
Ingold and Thorpe. 

In addition to d-carene-f-glycol, an oil having the same com- 
position was separated from the oxidation products of d-A®-carene. 
This oil was slightly levorotatory in chloroform solution and gave 
on treatment with dilute sulphuric acid, in addition to p-cymene, an 
oil consisting essentially of /-carene oxide. The liquid glycol was 
therefore probably a mixture of stereoisomerides. 

l-Carene oxide is much more readily attacked by potassium 
permanganate in acetone solution than the glycol. The product 
of the reaction is a complex mixture of acids showing no tendency 
to crystallise. From the mixture a small quantity of a keto-acid, 
C,H,,03, was separated in the form of its well-crystallised semi- 
carbazone, m. p. 165—166°. This semicarbazone was not identical 
witheither of the two semicarbazonesof | : 1-dimethy]-2-8-ketopropyl- 
cyclopropane-2-carboxylic acid previously described (loc. cit., 
p. 559), but since the semicarbazone can exist in twelve isomeric 
forms, this is not remarkable. The quantity of semicarbazone 
available was insufficient to allow of a detailed examination of the 
keto-acid, but the presence of the CO-CH, group was proved by the 
formation of bromoform when the keto-acid was oxidised with 
sodium hypobromite solution. 

Some preliminary experiments have been made on the action of 
hypochlorous acid on d-A®-carene: the reaction does not proceed 
smoothly and the products tend to decompose on attempted 
purification. 

EXPERIMENTAL. 

Oxidation of d-A®-Carene with Hydrogen Peroxide. d-Carene- 
8-glycol—A mixture of the hydrocarbon (1 mol].), dissolved in twice 
its volume of acetic acid, and hydrogen peroxide (30%; 2 mols.) 
was kept at 40° for some days and finally at 60° until the oxidation 
was complete (about 148 hours). The yellowish-brown solution 
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was distilled in steam to remove volatile products (acetic acid and 
unchanged hydrocarbon), the residue, which deposited a viscid oj] 
on cooling, was repeatedly extracted with ether, the ethereal 
extracts were washed with sodium carbonate solution until free from 
acid (A), and the ether was evaporated. The residual oil was 
digested with an aqueous-alcoholic solution of potassium hydroxide* 
to hydrolyse any acetyl derivative present and, after addition of 
water, the solution was extracted with ether. From the dried ethereal 
extract, a viscid, brown oil was obtained which gradually crystallised 
in the ice-chest after addition of water. The d-carene-B-glycol thus 
obtained was washed with light petroleum (b. p. 40—60°) drained 
on porous porcelain to remove adhering oil (the filtrate, B, was 
reserved) and crystallised from much water, separating in flat 
prisms, frequently twinned; from light petroleum it crystallised in 
feathery prisms. It was readily soluble in hot water, methyl 
alcohol, ethyl alcohol, and benzene, and more sparingly soluble in 
cold water and light petroleum. The air-dried product had m. p. 
75°; after drying in a vacuum over phosphoric acid, it was an- 
hydrous and had m. p. 90—91° and b. p. 147—150°/18 mm, 
(Found for air-dried material: loss on drying over P,O;, 94. 
C, 9H,,0,,H,0 requires H,O, 9-594. Found for anhydrous material; 
C, 70-4; H, 10-9. C,,)H,,0, requires C, 70-6; H,10-6%). The glycol 
was optically inactive in ethyl-alcoholic and in chloroform solutions. 
When treated with chromic acid in acetic acid solution, it underwent 
complete degradation and did not appear to yield a trace of the 
hydroxy-ketone; it was not attacked by hydrogen peroxide in the 
presence of ferrous sulphate (compare Fenton, J., 1896, 69, 224). 

The hydrogen phthalate, obtained by treating the glycol with 
phthalic anhydride at 110°, crystallised from dilute methyl alcohdl 
in glistening prisms, m. p. 191—192° (Found: C, 67-7; H, 7%. 
C,,H,.0, requires C, 67-9; H, 6-9%). 

The filtrate (B) from which d-carene-f-glycol had been removed 
was distilled under diminished pressure; the main fraction passed 


over at 150—160°/29 mm., leaving a considerable resinous residue. §- 


On addition of a little water to the distillate and keeping in the ice- 
chest, a further quantity of the 8-glycol crystallised. This was 
removed, and the filtrate redistilled; it then passed over at 155— 
157°/28 mm. This oil had the composition of the glycol (Found: 
C, 70:3; H, 10-8. Calc.: C, 70-6; H, 10-6%) and was optically 
active in chloroform, «, = —0-69° (c = 6-942). When treated 
with dilute sulphuric acid under the conditions described below, it 
yielded l-carene oxide and p-cymene. 


* The alkaline solution contained a small quantity of a phenol which was 
not examined. 
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The sodium carbonate solution (A) gave on acidification a mixture 
of acids which, after conversion into their ethyl esters, distilled 
imegularly from 90—180°/10 mm, and no homogeneous acid could be 
isolated. 

]-Carene Oxide.—The glycol (60 g.) was mixed with sulphuric 
acid (56%; 200 c.c.) and heated on the water-bath for 48 hours; 
seam was passed through the solution, the volatile oil extracted 
with ether, the ether dried and evaporated, and the residual oil 
distilled under diminshed pressure (100 mm.), the following fractions 
being obtained; (i) 110—120° (10-5 g.), (ii) 120—140° (3 g.,), 
(iii) 140—160° (13 g.), (iv) above 160° (5 g.). 

Fraction (i) was distilled over sodium and then had b. p. 170— 
170-5° /685 mm., D3}: 0-8627, and nj" 1-4869. These figures indicated 
that the hydrocarbon consisted essentially of p-cymene and this 
vas confirmed by analysis (Found: ©, 88-9; H, 10-7. Calc.: 
(, 89:6; H, 10-4%) and by oxidation to p-«-hydroxyisopropyl- 
benzoic acid, m. p. 156—157°. Fraction (iii) on redistillation boiled 
at 150—160°/100 mm. and a portion, b. p. 152°/100 mm., was 
malysed (Found: C, 79-2; H, 10-5. C, )H,,0 requires C, 79-0; 
H, 10-5%). This fraction, which had a pleasant smell reminiscent 
of linalool, was evidently not quite homogeneous, as was shown by 
the determination of the constants of two fractions: (a) b. p. 
150—153°/99 mm., D3. 0-961, nif’ 1-4740, (b) b. p. 155—159°/99 
mm., D3. 0-9794, ni?’ 1-4768, [a]}’ — 39-16°. There can be no 
doubt that this substance consisted essentially of l-carene oxide; 
it did not react with the usual ketonic reagents, although, when it 
was kept for some months with semicarbazide acetate, a small 
amount of a semicarbazone gradually separated. It crystallised 
from methyl alcohol in lustrous plates, m. p. 193—193-5°, and was 
probably the semicarbazone of the ketone (IX) (Found: 'C, 63:1 ; 
H, 9-4; N, 20-4. C©,,H,,ON, requires C, 63-1; H, 9-1; N, 20-1%), 
When the oxide was heated for 6 hours at 160° with phthalic 
anhydride, d-carene-8-glycol acid phthalate was obtained in excellent 
yield. It had m. p. 191° and was identical in every way with the 
phthalate described above. The oxide was stable to bromine in 
chloroform solution, and to dilute sulphuric acid at the ordinary 
temperature. 

Oxidation of |-carene oxide. The oxide (10 g.) was dissolved in 
acetone (100 c.c.) and to the solution, well cooled in ice, finely 
powdered and sieved potassium permanganate (27-7 g.) was added 
gradually, oxidation being complete in about 7 hours. The man- 
ganese dioxide sludge was collected, washed with acetone, and then 
repeatedly extracted with boiling water. The brown, aqueous 
extract was concentrated in a current of carbon dioxide, acidified, 
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and repeatedly extracted with ether, the viscid oil remaining op 
removal of the solvent was esterified in the usual manner, and the 
esters were distilled under diminished pressure. The main fraction, 
b. p. 140—160°/46 mm., was hydrolysed with methyl-alcoholic 
potassium hydroxide solution; the acid, isolated in the usual 
manner, was then obtained as a viscid oil. It was dissolved in 
slight excess of ammonia and the solution was treated with calcium 
chloride and boiled; a small quantity of a sparingly soluble resinow 
salt then separated. This was removed, the solution acidified, and 
the acid extracted with ether. The pale yellow oil which remained 
on removal of the solvent yielded on treatment with semicarbazide 
acetate a semicarbazone (0-9 g.) which, after repeated crystallisation 
from hot water, was obtained in well-formed prisms, decomp. 
165—166° (Found : C, 53-1; H, 7-9. C, 9H,,0O,N, requires C, 52-9: 
H, 7-5%). On hydrolysis with dilute sulphuric acid, the keto-acid 
was obtained as a viscid oil which showed no tendency to crystallise; 
when it was dissolved in sodium hydroxide solution and treated with 
sodium hypobromite, bromoform was precipitated, but the dibasic 
acid formed was insufficient in quantity for examination. 

Action of Hypochlorous Acid on d-A-Carene.—After a large 
number of experiments, the method briefly described below was 
found to be the only one to give satisfactory results. 

The hydrocarbon (1 mol.) was mixed with freshly prepared 
sodium hypochlorite solution (2 mols.), and after the addition of 
an excess of boric acid the mixture was shaken mechanically until 
free from hypochlorous acid. The reaction product was separated 
by ether and purified by distillation under diminished pressure 
(10 mm.); two fractions were separated, (a) b. p. 90—93°, (b} 
110—113°. 

Fraction (a), which had D3}. 1-0123 and nj” 1-4992, was the pure 
monochlorohydrin (Found: Cl, 18-5. C,gH,,OCl requires (I, 
18-8%). Hydroxychlorocarane was a colourless oil with a fairly 
pungent smell. It was an extremely stable substance and was 
unaltered on treatment with silver oxide at the ordinary temperature. 
Attempts to prepare crystalline derivatives were unsuccessful. 

Fraction (6), D3}. 1-0821, n%’ 1-5060, consisted of somewhat 
impure dichlorodihydroxymethylisopropylcyclohexane (Found: (1, 
25:5. Cy 9H,,0,Cl, requires Cl, 29-5%). It was a viscid oil which 
yielded no crystalline derivatives and was probably a mixture of 
isomerides derived from 1-methyl-4-isopropyl- and _ 1-methyl- 
3-isopropyl-cyclohexane. 
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L1V.—On the Possibility of Ring-chain Valency 
Tautomerism and of a Type of Mobile-hydrogen 
Tautomerism analogous to the Wagner—-Meerwein 
Re-arrangement. Part I. Some Derivatives of 
Phorone. ! plist 


By CHRISTOPHER KeEtLkK INGOLD and CHARLES WILLIAM SHOPPEE. 


Ir is now a commonly accepted view that whereas the stability 
and small additive power of certain ring systems containing several 
double linkings are to be attributed to some form of internal 
association of the centres of unsaturation, the numerous trans- 
formations which such systems undergo require the introduction 
of other phases into the general dynamic conception of their 
tructure. Reasons for including a bridged ring in the dynamic 
wheme representing certain cyclic systems have recently been 
given. The phases (I) and (II), representing the gem-dialkyldicyclo- 
pentenes or gem-dialkylcyclopentadienes, express the dual chemistry 
of these substances, as, for instance, their oxidative fission to both 
ethylene and cyclopropane derivatives, and the fact that both 
static bridged-rings and static monocyclic compounds are formed 
on blocking the tautomeric system by substitution (Farmer and 
Ingold, J., 1920, 117, 1362 ;~ Farmer, Ingold, and sty J., 1922, 
121, 128; Ingold, Grimwood, and Thorpe, J., 1923, 123, 3303. 
Toivonen, Ann. Acad. Sci. Fennicae, 1927, A, a. ‘No. 20; Ingold 
and Seeley, J., 1927, 1684). Further, the tautomeric substances of 
this series have been shown to exhibit many close analogies with 
aromatic compounds; and corresponding expressions representing 
transient forms of the aromatic nucleus have been proved possible 
by synthesis, and have been shown to furnish a consistent explan- 
ation of many aromatic phenomena, including the enhanced meso- 
dissociation of 9: 10-diarylanthracenes * as compared with anthra- 
cene (Ingold, J., 1922, 121, 1133, 1143; Ingold, Seeley, and Thorpe, 
J., 1923, 123, 852; Challenor and Ingold, ibid., p. 2066; Ingold 
and Marshall, J., 1926, 3080) : 


1) RC, api R,C<f “a 


wigh 
Excepting for the blocked systems referred to, the only bridged 
five-membered rings which have hitherto been studied are those 
* The criticisms of Barnett, Cook, and Wiltshire (J., 1927, 1726) fail on 
the ground that it was not the fact of meso-dissociation but the relative 


exhibition of the phenomenon by 9 : 10-diarylanthracenes and by anthracene 
which was advanced as evidence of the existence of the bridged phase. 
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whose chemistry is complicated by their participation in an intra. 
annular tautomeric system. Nevertheless it is evident, in view of the 
situation outlined above, that considerable interest attaches to the 
conditions controlling the formation of static bridged-rings, and 
especially to instances of their preferential formation in reactions 
which might have been expected to yield unsaturated monocyclic 
or open-chain isomerides. 

The reaction (1) —-> (II) clearly involves interaction betwee, 
non-contiguous unsaturated carbon atoms. Using the tem 
“ conjugation ”’in a general sense to connote the yoking together of 
centres of unsaturation, not only when they are contiguous, but 
also when separated, the change implies conjugation through space 
and suggests the possibility of a similar conjugation between 
double bonds situated at a distance in open-chain olefinic com. 
pounds.* ‘Thus a reaction such as (III) —~> (IV) appears possible; 
and, if it were reversible, it could appropriately be described as an 
instance of ‘ ring-chain valency tautomerism ”’ : 


(111.) XC 


That we have been in a position to examine both reversible and 
complete reactions which are apparently of this type is due to the 
kindness of Professor F. Francis, who suggested that we shoull 
continue the investigation of phorone derivatives commenced 
by himself and Mr. F. G. Willson in 1913 (J., 103, 2238). 
Phorone is a A1‘4-pentadiene and is obviously precluded by its 
structure from isomerisation to a butadiene derivative; hence, 
any direct conjugation between the ethylenic linkings must be 
through space. Assuming that such a tendency exists, then, since 
in substituted phorones it will presumably vary from case to case, 
it follows that in a sequence the extremes of which are represented 
by (V) and (VII) the physical and chemical properties should vary 
in a manner which can be specified theoretically. Thus on passing 
through the series (V) —-> (V1) —-> (VII), where (VI) is a general 
expression representing a gradation of intermediate states, one 
would expect to observe diminishing colour, decreasing refractivity, 
decreasing parachor, diminishing unsaturation, an _ increasing 
tendency to react in form (VII), and a decreasing tendency to 


react in form (V). 
waz C—C 
(VI) Ki (VIL) 
C=C 4.) 


* Certain olefinic terpenes, such as farnesene, which readily yield cyelic 
isomerides, could thus be regarded as possessing a conjugated structure. 
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Francis and Willson have already accumulated evidence which 
favours the view that certain phorone derivatives behave in the 
manner indicated. Phorone itself is undoubtedly mainly of type 
(V); it is a bright yellow substance possessing a high refractivity 
exaltation 3 units), and a nearly normal parachor (Sugden, 
following paper); it is also highly unsaturated, decolorising 
permanganate instantly, adding four atoms of chlorine and bromine 
and two molecules of hydrogen bromide, yielding ditsobutyl ketone 
on reduction, and giving oxalic acid, acetone, and carbon dioxide on 
oxidation, all in accordance with formula (VIII). 


CBr—CMe, 


H—CMe, SBr=-C 
0 cog; | 00¢ | 4 
CH—CMe, CBr—CMe, (OH)-CMe, 


(VIII.) (IX.) (X.) 
An approach towards the saturated condition is, however, 
observed on passing from phorone to dibromophorone, which we 
regard as approximating to an intermediate condition which for the 
moment may be represented by formula (IX). This substance is 
oly feebly coloured, its exaltation of refractivity is much smaller 
(Francis and Willson, loc. cit.,; see also p. 384), and its parachor 
abnormally low (Sugden, loc. cit.). Francis and Willson found it to 
be unattacked by mild oxidising agents, and either unaltered by 
reducing agents or converted in small amount into phorone; it was 
also unaffected by hydrogen bromide in acetic acid and by bromine 
incarbon disulphide. We have investigated the action of oxidising 
and reducing agents and find that little, if any, oxidation takes 
place in the presence of alkaline hydrogen peroxide, ferricyanide, or 
silver oxide, but that boiling alkaline permanganate causes oxidation 
tooxalic and acetic acids. Mild reducing agents also have no action, 
but vigorous reduction by Clemmensen’s method yields small 
quantities of phorone and of deoxyphorone, a known reduction 
product of phorone (Claisen, Annalen, 1875, 180, 6). On the other 
hand, Francis and Willson hydrolysed dibromophorone to a cyclic 
substance to which they assigned formula (X), and we have reduced 
it with phosphorus and hydriodic acid to a cyclopentane ketone. 
This ketone, which is a highly characteristic, crystalline, camphor- 
like substance, was previously obtained in a different way by 
Francis and Willson, who assigned to it formula (XIV). This is 
obviously in agreement with its formation from the dibromo- 
compound (IX); but, for reasons which will appear, it became of 
frst importance during this investigation to make sure of the 
structure of the ketone and we have therefore been at pains to 
confirm it. Francis and Willson oxidised the substance to aa§- 
tetramethylglutaric acid, and this, of course, agrees with the 
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suggested constitution, but does not dispose of the possible alterp. 
ative structure in which the carbonyl group is next one of the 
CMe,-groups. It will be shown in the sequel that the production 
by the reactions indicated of a ketone of the latter constitution js 
not inconceivable. The formation of alkylidene derivatives should 
decide the matter, but Francis and Willson experienced difficulty 
in obtaining definite condensation products with benzaldehyde and 
o- and m-nitrobenzaldehyde; we are, however, able to show that the 
ketone forms a dipiperonylidene derivative (XV), and a well. 
characterised dioximino-compound (XVI), which, with hydroxyl. 
amine, forms the triowime (XVII) of a substance (XVIII) having 
the characteristics of a 1 : 2: 3-triketone. These reactions, which 
were carried out in 1924, clearly establish formula (XIV), since the 
isomeric ketone could form only mono-alkylidene and mono. 
oximino-derivatives. Farmer and Kracovski have recently show 
(J., 1927, 683) that 62’8’-tetramethyladipic anhydride, on heating, 
gives Francis and Willson’s ketone, which proves the same point. 

A satisfactory confirmation of the structure has also bee 
obtained by the synthesis of the ketone from tetramethylethylen 
dibromide (XII) and ethyl acetonedicarboxylate (XI), by way of 
the cyclic ketonic ester (XIII). 


CO,Et-CH, Br-CMe, CO,Et-CH-CMe, 
le —» CDE" te OD 
CO,Et-‘CH, Br-CMe, °°"? CO,Et-CH-CMe, @ 
(XI.) (XII.) (XIII.) 


CH,0,:C,H,-CH:C-CMe, HON:C-CMe, 
(XV.) CcO< | CO< | 
CH,0,:C,H,‘CH:C-CMe, HON‘C-CMe, 
HON:C:CMe, CO-CMe, 
(XVIL) HON:C< | CO | (XVII) 
HON:C-CMe, CO-OMe, 


The above results may be summarised in the statement that 
dibromophorone (and dichlorophorone appears similar, although it 
was not investigated in the same detail) exhibits abnormal physical 
properties, e.g., colour, refractivity, parachor; and, as compared 
with phorone, markedly diminished unsaturation. Further, it 
appears that, whereas on treatment with certain powerful reagents 
it undergoes reactions which, in so far as they indicate anything. Jw 
point to a formula of the ordinary phorone type, its behaviourfy’ 
towards other reagents reveals a strong tendency to form closed! 
rings. The effect of substituting phosphorus and concentrated 
hydriodic acid for zinc and concentrated hydrochloric acid ifs 
causing the formation of a cyclic instead of an open-chain reduction 


rt that 
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product is noteworthy, and, along with the other physical and 
chemical evidence, suggests a condition intermediate between the 
open- and the closed-chain state. 

A much more strongly marked approach towards the cyclic 
condition is apparent on passing to the bromohydroxy-derivative to 
which Francis and Willson assigned formula (X), and it is necessary 
now to consider the chemistry of this substance and its more 
immediate derivatives in some detail. 

First, we have effected an independent synthesis of the bromo, 
hydroxy-compound from the ketone (XIV) by successive treatment 
with bromine and water. When the bromination is carried out in an 
anhydrous solvent, up to six atoms of bromine are absorbed and 
hydrogen bromide is evolved. During the process a crystalline 
bromide is produced and may separate, but our efforts to isolate 
nd analyse it failed owing to the rapidity with which it decomposed 
into an oil containing between two and three atoms of combined 
bromine. We are not at present prepared to express any view as to 
the constitution of this intermediate product, beyond that it 
consists at least in part of a substance which, on treatment with 
water, gives the bromohydroxy-compound (X). When the bromin- 
ation is incomplete (we suspect that it is affected by the fortuitous 
crystallisation of the solid bromide), as indicated by the smaller 
bromine-content of the residual oil, the change effected by water is 
also incomplete, and an unreactive compound containing two atoms 
of combined bromine remains. On further bromination this is 
converted into the precursor of the bromohydroxy-compound. 
Though modifications are possible, the following scheme is regarded 
as approximating to the observations, the compound (XIX) 
representing the unreactive, and (XX) the reactive, bromination 
product : 


(XIV.) —> CO< 


CHBrOMe, ao Mgt Ih mo, 


CHBr-CMe, CHBr-CMe, 
(XIX.) (XX.) 
on Ae -—CMe, 
ele) 2 Bei. 
<CH(OH)-CMe, 
(XXI.) 


> (X.) 


The elimination of hydrogen bromide from (X XI) is in accordance 


ingfvith analogy. Evidence of interaction between the «- and 


«positions of a cyclic ketone was encountered by Wallach (Annalen, 
1917, 444, 296) in the case of cyclohexanone derivatives, and in the 
resent instance the tendency to a reaction of this type would be 
‘xpected to be increased by the accumulation of gem-dimethyl 

The fact that, even where excess of bromine is employed, 
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only six and not eight atoms are involved is also in accordance with § two 
Wallach’s observations on the halogenation of cyclic ketones § at f 
(Annalen, 1905, 343, 41), and may be compared with the difficulty § diff 
often experienced in replacing this last available hydrogen atom in § cith 
a keto-enol system (compare Dieckmann, Ber., 1894, 27, 954; & skel 
1897, 30, 1471; Thorpe, numerous papers); it is also possible that § Was 
higher bromination products are formed, but immediately bridge § 
with the elimination of elemental bromine, as is suggested by the § us 
experiences of Guareschi (Atti R. Accad. Sci. Torino, 1910—191], Brela’ 
46, 662) and Meerwein (J. pr. Chem., 1922, 104, 161), thus giving a ff follc 
smaller net absorption. However this may be, it is evident that 
the process involves no re-arrangement of the carbon skeleton, since 
the bromohydroxy-compound on reduction both by acid and by 
alkaline reagents yields the original tetramethylcyclopentanone 
(XIV). inw 
We have taken the view that this complete synthesis, even when § 1 
taken together with Francis and Willson’s degradation of the § “"V 
bromohydroxy-compound to tetramethylsuccinic acid, does not § SY 
fully establish their formula for the compound; for although that ff Pe 
formula certainly provides the simplest interpretation of the facts, jj °> 
the latter concern a field of organic chemistry in which subtle’ 
changes are possible, so that caution is necessary in drawing con- 
clusions as to structure. We do, however, regard the following 
features as having been definitely diagnosed : (i) the presence of the 
cyclopentane ring, (ii) the adjacent situation of the two gem-dimethyl 
groups, (iii) the unsymmetrical situation of the bromine atom with 
respect to the gem-groups, (iv) the symmetrical situation of one 
oxygen atom with respect to the gem-groups, (v) the presence of a 
hydroxyl group. In addition to formula (X), there is another 
formula which embraces all these conclusions, namely (XXII), and 
this can be brought into harmony with the reduction to the 
symmetrical cyclopentane ketone (XIV), because preliminary 
1 : 4-addition of hydrogen, followed by ketonisation and further 
reduction, could bring about the necessary alteration in the position 


of the carbonyl group : (4) 
Br-CMe, CHBr-CMe 
(XXII.) OH: pMes__. OH- 2 
CO—-CMe, °<c(oH)-CMe, ae: 
CHBr—CMe rma 
CO => : this v 
<CH(OH)-CMe, aan ink, 
The scheme represented is illustrative, and its essentials are 
independent of any particular supposition regarding the stage at 
which the halogen is removed from the molecule. Further, formul 


(XXII) is not inconsistent with the evidence of synthesis; for the 
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two formule (X) and (XXII) are more closely related than appears 
at first sight, in that, although they are distinct in framework and 
differ in the position of a hydrogen atom, the latter is ionisable in 
either case, and hence potentially mobile, and the two carbon 
skeletons are related like those of the factor and product of a 
Wagner re-arrangement. 

Considerations based on the electronic theory of valency lead 
us to formulate the pinacol—pinacolin, Wagner—Meerwein, and 
related transformations, such as the pinacolic deamination,* by the 
following general scheme :— 


R Ry 


Py ASS ; 
X—A—B—C—Y —> X’°+A=B-—C+ Y’ 


in which the tendency of X to part from, and Y to hold, electrons 
during ionisation or combination with a reagent supplies the 
driving force of the reaction. In the case under discussion, if we 
assume preliminary ionisation, the electron repulsion of the negative 
pole collaborating with the electron attraction of the neighbouring 
carbonyl group might provide the impetus necessary for the inter- 
conversion of the structures : 


€ 
ry .,CBr-CMe L\ /Br-CMe, 
(XXII) © O-CH> =| . == O-CK«| | (XXIV.) 
—_ De C—OMe, 
@H 4 
4G ® HCO 3 


The postulated change in either direction may be compared with 
the formation of methylenecyclobutane (B) from ww’-dibromo- 
1: 1-dimethyleyclopropane (A) and zine (Ingold, J., 1923, 123, 
1756) on the supposition that an atom of metallic zinc first removes 


an atom of bromine with a sextet : 
H,C—CH, hap 
4 
(A) 2°! 2 & |Aa <a ae foe @) 
; Br'CH,—C (~ Cee "Ue 3 ea 
eo}? NOH, —Br 2 Rite 


* Here the electron sink, Y, is presumably the positive pole of the diazonium 
in formed by the action of nitrous acid (compare Baker, Cooper, and Ingold, 
this vol., p. 426). Similarly in the benzil-benzilic acid change the electron 
sink, X, is the negative pole formed by the addition of hydroxide ion: 


h Ph Ph 
—C—C—O : ox tr Le : pane OH 

ih ieee See Op emer 4 

Ph HO Ph H Ph 
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Thus, tautomerism between the structures (X XIII) and (XXIV) 
is readily conceivable, and the problem of distinguishing betwee) 
them becomes in the first instance that of ascertaining the position 
or positions occupied by each of the characteristic groups by the 
study of suitable derivatives. 

Francis and Willson found that when the bromohydroxy-com. 
pound was reduced with zinc dust and glacial acetic acid the bromine 
atom was replaced by hydrogen and a compound was formed which 
closely resembled the halogenated parent and evidently possessed 
a similar constitution. All our experiments confirm that con. 
clusion; we have, for instance, regenerated the original bromo. 
hydroxy-compound by directly brominating the hydroxy-compound, 
Further, the derivatives formed by the bromohydroxy-compound 
resemble the corresponding derivatives of the hydroxy-compound; 
for instance, the latter, on acetylation, gave the same compound as 
that which Francis and Willson obtained by reduction of the acety! 
derivative of the bromohydroxy-compound. Similarly, the bromo. 
benzoyloxy-compound, the bromomethoxy-compound, and the bromo. 
p-bromobenzyloxy-compound, which were prepared directly from the 
bromohydroxy-compound, on reduction gave benzoyloxy-, methoxy. 
and p-bromobenzyloxy-derivatives which were also obtained from 
the hydroxy-compound by acylation or alkylation. It is evident, 
then, that the constitutions of the halogen compounds are 
referable to those of the corresponding hydrogen derivatives (with 
the reservation mentioned on p. 379), and we have therefore 
concerned ourselves mainly with the bromine-free hydroxy-con- 
pound (XXV or XXVI) in the investigation, described belov, 
regarding the respective functions of the two oxygen atoms contained 
in the complex : 


(XXV.) OH-CCCH-OMe, COC dian? SXVE 


CO-CMe, C(OH)-CMe, 

First, it should be stated that the alkyl and acyl compounds 
mentioned above are actually O-derivatives, and not C-derivatives, 
because the alkyl and acyl groups can readily be removed. For 
example, the bromoacetoxy- and bromobenzoyloxy-compounds are 
hydrolysed by acids, and the corresponding hydrogen derivatives by 
alkaline hydrolysing agents. The methyl group in the bromo 
methoxy-compound can be eliminated by the Zeisel method. The 
corresponding experiment was not tried with the bromo-p-bromo- 
benzyl derivative, the same point having been proved for this com- 
pound at an early stage in the investigation through the observation 
that on ozonolysis the alkyl group appears in the form of p-bromo- 
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benzaldehyde. These relations are summarised in the following 


scheme : 
Bromohydroxy-compound 
(XXIII or XXIV; m. p. 116°) K 
1A | 
/ | | e* 
Bromobenzoyl- Bromoacetoxy- Bromo-p-bromo- Bromomethoxy- 


oxy-derivative derivative benzyloxy-deriv- derivative 
(m. p- 92°) (m. p. 74°) ative (m. p. 65°) (b.p. 130°/15 mm.) 


Hydroxy-compound | 


(XXV or XXVI;_ | 
og *| Py - = | y | 
pee: F . | ‘ | 
. 


| 
| 
| 
| 
| 


} | A ~“ ' 
Y i¥ : es y 
Benzoyloxy- Acetoxy- p-Bromobenzyl- Methoxy- 
derivative derivative oxy-derivative derivative 
(m. p. 69°) (b. p. 121°/15 mm.) (m. p. 86°) (b. p. 107°/15 mm. 


In contrast with the close similarity between the bromohydroxy- 
compound and the bromine-free hydroxy-derivative in their 
hydroxylic reactions, these two substances differ notably in the 
degree to which they exhibit ketonic properties. In fact, neither 
Francis and Willson nor we have been able to obtain an oxime or 
semicarbazone of the bromohydroxy-derivative, and we have 
similarly failed in the case of all its derivatives in which a bromine 
atom is attached to the five-membered ring; yet on any probable 
view of the constitution of these substances a ring-bound carbonyl 
group must be present. On the other hand, the compounds of the 
reduced series all form oximes with moderate ease; indeed, from the 
parent hydroxy-derivative we obtained two oximes as well as a 
semicarbazone. In our view this remarkable difference is to be 
attributed, not to some fundamental difference of constitution, but to 
the inhibiting effect of the bromine atom. Oximation is a reaction 
notoriously sensitive to constitutional influences, and the strong 
inhibition (probably polar as well as steric) produced by bromine and 
chlorine in halogenated ketones is often such as to prevent oxime 
formation altogether. On the other hand, we are unwilling to 
employ the facts referred to as the basis of any constitutional 
argument regarding the relative positions of the bromine atom and 
carbonyl group in the bromo-compound (XXIV or XXIII), since the 
possibility of “‘ short-cuts ” for the transmission of polar influences 
in compact ring-structures cannot be disregarded. 

Our attention was first focussed on the two oximes in view of the 
possibility that they might be position-isomerides representing the 
two forms (XX V and X XVI) of the parent. This, however, was not 
the case, since the two oximes were found to be interconvertible 
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directly (8 —-> «) and through the hydrochloride of one of they 
(« —-> 8) in accordance with the following table : 

Compound XXV or XXVI, m. p. 86° 


oe ater Rap ne 


a-Oxime < B-Oxime 
(m, p. 96°; monohydrate, m. p. 76—77°) (m. p. 115°) 


os Aqueous Loss of | HClin 
Cl Na,CO, vacuum | desiccator 


a-Oxime hydrochloride B-Oxime hydrochloride 
(m. p. 189—190°) (m. p. 69—70°) 
Hence it appeared that the two compounds are stereoisomeric, 
and that the oximino-group is attached to the same nuclear carbon 
atom in each; it remained to determine which one. 

This was done by completely reducing the «-oxime (m. p. 96° 
to a tetramethylcyclopentylamine. We found that sodium amalgam 
in boiling glacial acetic acid, and sodium in hot alcohol, effected the 
change smoothly, and that the same result could be obtained 
equally satisfactorily without the use of high temperatures by 
reducing the acetyl derivative of the oxime with gaseous hydrogen 
in the presence of colloidal palladium. The free base (XXVIII), a 
volatile crystalline solid, together with its hydrochloride, picrate, 
chloroaurate, and acetyl derivative, were identical, each to each, with 
the corresponding compounds prepared by applying the same three 
methods of reduction to the oxime (X XIX) (or its acetate) of the 
symmetrical ketone (XIV). Therefore, formula (XXVI)_ being 
adopted as a basis of representation, the reactions may be expressed 
as follows : 


(XXVI, m. p. 86°) (XIV, m. p. 130°) 


@, Na by CH, CMe, 


Va ‘Me, ast fe ‘CM 
me ‘2 el Me, moe AN: al ‘Me, Tron 1° bi KS wi chi 
(XXVI, m. p. 96°) 98 > (XXVIII, (X XIX, m. p. 107°) 


$s 


yD 


it Acetyl derivative 


o> 


(m. p. 95°) ‘ 
Me, C 2" Me, 


CH 
AcON:C€ 

C(OH):- 

The orientation of the oximino-group in (X XVII), and of the 

amino-group in (XXVIII), thus depend on the constitution ascribed 

to the ketone (XIV), which was established in two independent ways 
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and is therefore beyond doubt. Although the experimental evidence 
js thus complete, the whole of it is further strengthened by the fact 
that, by methods described below, we have been able to prepare 
the isomeric unsymmetrical ketone, having its carbonyl group- 
adjacent to one of the CMe,-groups, its oxime, the corresponding 
usymmetrical amine and its salts and acetyl derivative, all of 
which are easily identified crystalline compounds, as are the iso- 
merides of the symmetrical series. We conclude that in the 
hydroxy-compound, m. p. 86°, the group exhibiting ketonic re- 
activity is that situated symmetrically with respect to the two gem- 
dimethyl groups in the carbon skeleton. 

With regard to the space configurations of the two oximes 
(XXVII) we are able to advance the following evidence. On 
Meisenheimer’s theory of trans-interchange, the two oximes might 
yield the following internal amides under the conditions of the 
Beckmann transformation : 

OH 
—N Me,C-CH,°CO —O0———N Me,C-CH,-NH 
ss 3 meng ee ol a OH” Me,0-CO-CO 

(XXX.) (XXXI.) (XX XII.) (XX XIII.) 


Under the conditions in which we have effected a change of this 
type the «-oxime passes into its $-isomeride, and is therefore not 
available for the experiment. On the other hand, the @-isomeride, 
on treatment with excess of dry hydrogen chloride in a warm solvent, 
yields a re-arrangement product which apparently possesses formula 
(XXXIIT). Its properties are in agreement with this constitution, 
and it is not the imide (XX XI), for we have prepared the latter by 
the action of gaseous ammonia on ««$$-tetramethylglutaric anhydride. 
If this interpretation is correct, it follows that the «-oxime, m. p. 
96°, is to be regarded as having the configuration (XXX), and the 
8-oxime, m. p. 115°, is represented by (XXXII). It should be 
remarked that the 8-oxime (but not the «-) gives a strongly coloured 
iron salt, in which the iron is conceivably chelated (compare 
formula XX XTT). 

Turning to the acyl derivatives of the bromohydroxy-compound 
and its halogen-free analogue, the benzoyl derivatives offered an 
attractive point of attack, since both are crystalline and possess 
all the characteristics of pure compounds. Both substances appear 
to be saturated. Thus neither responds to the Baeyer test for 
unsaturation, and neither absorbs bromine in chloroform. It is 
true that the bromobenzoyloxy-compound is attacked by zinc dust 
and acetic acid, but the reduction stops abruptly after the bromine 
atom has been replaced by hydrogen, the nucleus being unaffected. 
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When the halogen-free benzoyl compound is treated with 
hydroxylamine, one molecule of this reagent is taken up and one 
of benzoic acid is simultaneously eliminated. This takes place 
in the cold under conditions which preclude ordinary hydrolysis of 
the acyl group, and we therefore infer that it is the hydroxylamine 
which has displaced the benzoyl radical. The compound formed 
(m. p. 115°) is isomeric with, and different from, the «- and 8-oximes 
of the symmetrical series (mixed m. p. depressions), which were 
prepared from the parent hydroxy-compound without previow 
benzoylation, and is evidently the unsymmetrically oximinated 
analogue, since (a) it yields the original hydroxy-compound (nm, p. 
86°) on hydrolysis, and (6) on prolonged treatment with hydroxyl. 
amine it gives the same dioximino-compound as that prepared by 
further oximination of the symmetrical «-oxime. It is consistent 
with this interpretation that the new monoxime (XXXVII), on 
re-arrangement, gives an internal amide (XL) isomeric with the 
amide and imide mentioned above (XX XI and X XXIII) and that 
the dioxime (XXXVIII) readily yields a furazan (XLI). On 
reduction with sodium and boiling alcohol the new monoxime gives 
the hydroxy-amine (XX XIX). The whole series of observations 
corresponds with Francis and Willson’s formulation of the bromo. 
hydroxy- and hydroxy-compounds, and may accordingly be 
represented as follows : 


0 veh sp aa sige Cot ——CMe, (XXV or__., (XXVIL) 


((OBz)-CMe, ((OBz)UMe,~ _ ¥XVI) 


idea ) ‘ (XXXV.) 
a 


CH, Giles — - cocCHeGMe, 


2 


CO<e 
Suse 


HO-NH OBz { aun me 
(XXXVI. Ma i (XXXVIIZ.) 
Y Y 
‘H;——OMe, (0-CH,‘CMe, nig-CHerGMe, 
CH(NH,)-CMe, CO-NH-CMe, 7 
(XXXIX.) (XL.) 


HO-CH 


It must be pointed out that the above scheme for the orientation 
of the benzoyloxy-group in (XXXIV) and (XX XV) is dependent on 
the correctness of the inference that, because hydroxylamine 
displaces the benzoyl radical, the oximino-group therefore occupies 
that nuclear position from which the extruded group has beet 
removed. Such a substitution of groups might take place through 
the reversible addition of hydroxylamine giving the addition produet 
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(XXXVI), the subsequent irreversible decomposition of which is 
determined by the stability of the benzoate ion. We are not 
prepared to go further than to say that these assumptions seem to 
is plausible, and that we regard the orientation as tentative only. 

The p-bromobenzyloxy-derivatives both of the bromohydroxy- 
ad hydroxy-series are also crystalline, behaving in all respects as 
pure compounds, and closely resembling the benzoyl derivatives in 
their indications of saturated character. The bromo-p-bromo- 
benzyloxy-compound (XLII) on reduction by zinc and acetic acid 
is converted into the p-bromobenzyloxy-derivative (XLIII), which 
is formed without by-products and appears to be incapable of 
further reduction by this method. It forms an oxime (XLIV), and, 
asmight be expected, there is little or no tendency towards extrusion 
of the alkyl group. We have not yet succeeded in establishing 
atisfactory conditions for the reduction of the oxime itself, but its 
acetyl derivative (XLV), on reduction with sodium and boiling 
alcohol, yields a saturated hydroxy-amine (XLVI), isomeric with 
(XXXIX). These reactions may be formulated as follows, the 
interpretation being dependent on that applied to the benzoyl 
compounds : 

CBersereG Oia, 
O<((0-C,H,Br)- Rate *—> COG ((O-C,H,Br)-CMe, 
(XLII. ) (XLII. ) 

_ eceeemmeee H ‘Me, 
vases <ha 0-C,H Se ery Tr Ae Ch 0--C,H,Br)-(Me, 
(XLIV. ) (XL V.) 

7 . CH,——OMe, ;x tv 
ibd aw I oe es 

It is now necessary to consider some derivatives of the bromo- 
hydroxy- and hydroxy-compounds which exhibit some remarkable 
differences of behaviour as compared with the acyl and alkyl 
derivatives just mentioned. The group of compounds referred to 
includes the acetoxy-derivatives, the methoxy-derivatives, and 
probably also the liquid by-product which was obtained (see p. 388) 
along with the crystalline main product on alkylation of the bromo- 
hydroxy-compound with p-bromobenzyl bromide. 

These compounds are conspicuously unsaturated. They are all 
oils, excepting the bromoacetoxy-derivative, which is crystalline ; 
and for this reason we have examined the acetoxy-compounds in 
greater detail than the others. In illustration of the unsaturated 
character of these substances, the bromoacetoxy-compound rapidly 
reduces cold alkaline permanganate under conditions in which the 
bromobenzoyloxy-compound causes no perceptible reduction over 
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an extended period. The acetoxy-compound rapidly absorbs 
bromine in cold chloroform, in contrast with the benzoyloxy. 
compound, which remains unaffected under these conditions, and, 
even on boiling, is extremely slowly attacked. Again the acetoxy. 
compound is reduced by zinc dust and acetic acid to a dihydro. 
derivative, whereas the benzoyloxy-compound, as already men. 
tioned, is unaffected by this treatment. 

These contrasts suggest that the bromoacetoxy- and acetoxy. 
compounds may be derived from the unsaturated, monocyclic forms 
of their respective parents; and in support of this view we are able 
to advance the following experiments, which appear to orient the 
acetoxy-group in the symmetrical position with respect to the pair 
of gem-dimethy] groups. The bromoacetoxy-compound was reduced 
in the following stages with successive treatments with zine or 
sodium amalgam in glacial acetic ann bromoacetoxy-compound 
cat HBr + acetoxy-compound “> dihydroacetoxy-compound 


“ay H-OAc + dihydro-compound. The final product, which is 


a saturated ketone, C,H,,0, proved to be, not the symmetrical 
tetramethylcyclopentanone already described, but its unsymmetrical 
isomeride (X1.1X) (vide infra). It was converted into its oxime (LI), 
which was reduced with sodium and alcohol to the unsymmetrical 
tetramethylcyclopentylamine (LII). Finally the oxime (LIIL) of the 
dihydroacetoxy-compound (L) was completely reduced, and the 
product identified as the same tetramethylcyclopentylamine. If the 
monocyclic unsaturated formule (XLVII) and (XLVIII) be adopted 
for the bromoacetoxy- and acetoxy-compounds respectively, the 
above relationships are capable of explanation on the following 
lines : 


(XLVIL) AcO Sten Ry sts eal cee gu oon (XLVI) 


CH,"CMe CH,"CMe 
XLIX. 2 2 . 2 2 (L. 
( ) CHE< 19 ~(Me, <— AcO CHS Co-CMe, (L.) 
| 
” v 
CH,——CMe CH,——(CMe, (y, 
LI.) CH 2 A H 2 (LIL) 
(4) CHS (NOH): a on meee C(INOH)-CMe, 
v4 
Me, 
CH(NH,): CMe, 
The symmetrical and unsymmetrical ketones (XIV and XLIX) 


are superficially extremely similar (both have the appearance, 
odour, and large volatility of camphor), but are readily distinguished 
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pecause they depress one another’s m. p.’s, as do the derived oximes 
and semicarbazones. Both ketones, on oxidation with dilute nitric 
acid, yield ««8B-tetramethylglutaric acid, and this, taken in con- 
jmction with the work already described on the symmetrical 
ketone, establishes the constitution of the unsymmetrical ketone. 
The two tetramethylcyclopentylamines are also crystalline, although 
m account of their volatility, we have, to conserve material, usually 
handled them in the form of their picrates or acetyl derivatives, 
which also give mixed m. p. depressions. The following comparison 
of m. p.’s illustrates the general similarity of the isomerides : 


A. ... 
~~ 7m rf = 


Oxime Semi- Acetyl 
: hydro- carb- Chloro-  deriv- 
Ketone. Oxime. chloride. azone. Amine. Picrate. aurate. ative. 


symmetrical... 180° 107° 119° 224°  100—102" 225° 230° = gg 
Unsymmetrical 119 102 125 222 Not taken. 243 lv7ca, 115 

Although the ketone (XLIX) is undoubtedly the main product 
of the reduction represented in the scheme formulated above, it is 
wually accompanied by a small, but detectable, quantity of the 
isomeric symmetrical ketone (XIV) (for separation, see p. 397). 
Ih this connexion it may be remarked that, theoretically (and also 
practically), an essential condition for the preparation of the 
msymmetrical ketone by the method outlined is that the acetyl group 
should remain attached to the molecule during the first two stages 
of the reduction; this follows from the tautomeric hypothesis 
relating to the cyclic hydroxy-ketones, for the formation by 
hydrolysis of a free hydroxyl group would liberate the mobile 
system, the reduction product of which is known to be the sym- 
netrical ketone (XIV)# It was for this reason that glacial acetic 
acid was employed as medium throughout the reductions, and that 
the intermediates (XLVIII) and (L) were purified and analysed in 
ader to confirm the integrity of their ester groups. On the other 
hand, although the bromoacetoxy-compound appears to be a single 
individual, its reduction products (XLVIIJ) and (L) are liquids, and, 
despite their constant boiling points, it cannot be asserted that they 
do not contain isomerides. The migration of acyl groups is such a 
common experience that the possibility must be considered, but 
whether the appearance of the symmetrical ketone as a by-product 
isactually to be ascribed to tautomeric mobility of the acetyl groups 
udder certain conditions, or to some undiscovered mechanism, 
tannot, we think, be decided on the evidence. We are likewise 
open-minded with regard to the possibility of the migration of 
Qalkyl groups during the reduction of the bromo-alkyloxy- 
compounds, 

The bromomethoxy-compound (LIV) is unstable to permanganate 
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and, like the bromoacetoxy-derivative, can be reduced by zine an 
acetic acid, not only to the halogen-free parent (LV), but also to the 
dihydro-derivative of the latter (LVI). The methoxy-group in th 
dihydro-compound cannot be eliminated by continued treatment, 
but since both the oxime (LVII) of the methoxy-compound and thy 


(LVIII) of the dihydromethoxy-compound yield the unsymmetrical ‘ 


tetramethylcyclopentylamine (LII) on reduction with sodium iy 


alcohol, we infer that the methyl and acetyl derivatives of thei: 


bromohydroxy- and hydroxy-compounds possess corresponding 
structures : 


ACBreCMe, _ CH-CMe, pc CHe' CMe, 
MeO: MeO: 2 —> MeO-CH Dp oa 
“<Co-Cte, C<Co O-CMe, r <o CO-C¥e, 


(LIV.) cee (LV.) | (LVI.) 
Y 
Me, 


oo ‘Me, __ CH,——¢ 
MeOC< NOH): aR ong, > CL) +. MeO-CH< of "NOH)-(M, 
(LVII.) (LVIIL.) 

Summarising the above experiments on the substitution products 
of the bromohydroxy-compound, it appears that Francis ani 
Willson’s conception of that substance requires extension by the 
introduction of the alternative unsaturated formula (XXII). 

Further evidence tending in this direction has been obtained by 
continuing the study, commenced by Francis and Willson, of the 
behaviour of the parent bromohydroxy-compound itself in the 
presence of reagents towards which it would be expected to revel 
any unsaturated character it possessed. 

The first series of experiments along these lines relates to oxidation. 
Francis and Willson used alkaline permanganate and obtained 
the lactonic acid (LXIT) (compare Rothstein and Shoppee,* J., 192 
531), formed by additive ring closure of the ketonic acid (LXI) 
We have obtained the same lactonic acid by employing also alkaline 
chlorate in the presence of osmium tetroxide, alkaline ferricyanide, 
and alkaline hydrogen peroxide. Using alkaline chlorate ani 
osmium tetroxide, we have isolated, in addition, the lactonic acid 
(LX) of the dibasic hydroxy-acid (LIX). Oxidation with chromic 
anhydride or chromic acid (Francis and Willson) causes complete 
degradation to tetramethylsuccinic acid (LXITI). 

* The opportunity may be taken to mention that in the light of observ: 
ations recorded on p. 406, Rothstein and Shoppee now regard the compouni, 


previously considered to be methyl y-keto-aaff-tetramethylglutarate, as the 
lactone of methyl hydrogen y-hydroxy-y-methoxy-aaff-tetramethylglutarate, 


rope ct! gg 
Co: 0-CMe," CMe, C(OMe)- -CO.Me, a conclusion which further strengthens theit 
case in favour of the cyclic constitution of the homologues of Balbiano’s ail 


and its derivatives. 


It 1 
evider 
illustr 
follow 
passer 
eleme: 
involv 
ozonic 
when 
simila 
cule u 
the °* 


proces 
accor¢ 
theore 
regarc 


RING-CHAIN VALENCY TAUTOMERISM, ETC. PART I. 381 


The interpretation of these results in terms of the unsaturated 
frmula of the bromohydroxy-compound is not compulsory; 
nevertheless, we believe that this structure affords the more satis- 
factory basis for explanation, having regard to the sensitivity 
towards oxidising agents of the methyl and acetyl derivatives. 
Also, in view of the fact that the attack of mild oxidising agents 
usually proceeds much more smoothly in alkaline than in neutral 
lution, we suspect that degradation occurs most readily through 
theion. These and other considerations relating to the observations 
lead us to advance the following general scheme for the oxidation 
of the bromohydroxy-compound : 
~ /CHBrCMe, 

10, A” 
Pe on 00,H-dMe, ~~ « CO,H-CH—CMe, 
&BrCMe, A LX. 
Hors | ha ) th se ee 
a’ CO-CMe, /CH(OH):CMe, | 
CO,H” 


CO,H—-CMe, (LIX.) | COsH-CMe, 


| CO,H-CMe, 
| A (LXIII.) 
REA Kit 


v 
CO,H-CMe, 


CO——CMe, 
\ O 
CO,H-C(OH)-CMe, 
COBr: CMe, (LXII.) 


CO,H | 
\\co—CMe, 


It will be understood that this scheme is based partly on direct 
evidence and partly on indirect evidence or analogy. As an 
illustration of the use which has been made of the latter, the 
following point may be considered. When ozonised oxygen is 
passed into a chloroform solution of the bromomethoxy-compound, 
elementary bromine is eliminated, proving that the -CBr-group is 
involved in the attack; the product obtained on decomposing the 
ozonide is the hydroxy-lactonic acid (LXII). On the other hand, 
when the bromoacetoxy-compound is treated with ozone under 
similar conditions, the bromine atom remains attached to the mole- 
cule until the ozonide is reduced with zinc dust. Now the attack at 
the ‘CBr-group with fission at 6b is probably dependent on the 


[Y Cy 
process X——C=—CBr, the effectiveness of which should vary 
according to the value of X as an electron-source. The 
theoretical order, OP>OMe>OdAc, being known, the inference, as 


regards the ion, is obvious. 
oO 
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We have further examined the behaviour of the bromohydroxy. 
compound towards halogens. Francis and Willson observed that 
on bromination in acetic acid a dibromo-compound is formed to 
which they ascribed formula (LXVI); since, however, one bromine 
atom (and only one) is readily removed by hydrolysis in the form of 
hypobromous acid, the original bromohydroxy-compounds being 
regenerated, they also recognised a possible tautomeric forp 
represented by the alkyl hypobromite structure (LXIX); and 
having regard to our evidence in favour of the monocyclic formula of 
the bromohydroxy-compound, it is necessary to envisage the 
possibility (LX-X) in addition. 

Lauer has recently shown that tribromophenol bromide and its 
congeners, which exhibit the same peculiarity in regard t 
hydrolysis, are actually aryl hypohalites (J. Amer. Chem. Soc, 
1926, 48, 442), and not halogeno-quinone derivatives, as had 
previously been supposed (Thiele and Eichwede, Ber., 1900, 33, 
673). On the other hand, Norris and Thorpe have proved (J., 1921, 
119, 1199) that the dihalogeno-derivatives of dihydroresorcind 
homologues, which also exhibit the peculiarity, are not hypohalite 
but 2 : 2-dihalogeno-1 : 3-diketones. It follows that the exhaustive 
halogenation of ketones can give rise to both types of structure, ani 
that the elimination of one atom of halogen as hypohalous acid on 


hydrolysis is not (contrast Vorlinder, Annalen, 1897, 294, 253), 
criterion which will decide betweenthem. The abnormal hydrolysis 
of the dihalogeno-diketones may be regarded as a six-cycle promoted 
by the electron affinity of the groups attached to the halogen-bearing 
carbon atom : 


Obviously the process cannot be repeated with the second bromine 
atom originally present in (LXIV), for it cannot occur with the 
enol (LXV), and, if this were ketonised, a repetition would merely 
enolise it again, since the forces operate to remove the atom (hydro- 
gen) which most readily parts with electrons. This accounts fa 
the dissimilar behaviour of the two bromine atoms, and expresses 
Norris and Thorpe’s suggestion that the elimination of the halogen 
is fundamentally concerned with the tendency of the system t 
acquire a mobile hydrogen atom.* It also follows that, if two 

* (Added in proof] Soper and Smith’s interesting experiments (this vol, 


p- 
analogous. 


equiva 
(LXVI 
(see ta] 


RING-CHAIN VALENCY TAUTOMERISM, ETC. PART I. 383 


diferent halogen atoms are attached to the central carbon atom, 
the product of hydrolysis will retain that which has the greater 
afinity for electrons (F>Cl>Br>I). Obviously the water molecule 
might act as such or as H’ and OH’ ions. A similar explanation 
may be given of the elimination of carbethoxyl as ethyl carbonate 
fom cyano-esters (Rogerson and Thorpe, J., 1905, 87, 1702; 
Ingold and Thorpe, J., 1919, 115, 143) 


NC. _ CO, Et 


‘OR \ 
|| + OEt 
fone 


und this shows why the Sy-double bond is necessary, why the group 
Ris necessary (since otherwise hydrogen would be removed), and 
thy a By-unsaturated cyano-ester yields an «$-unsaturated nitrile 
(Kon and Narayanan, J., 1927, 1536). 

We find that Francis and Willson’s dibromo-compound is actually 
the dibromo-diketone (LXVI), and is not an alkyl hypobromite 
LXIX or LXX). For the derivative obtained by chlorinating the 
bromohydroxy-compound is identical with that prepared by 
brominating the chlorohydroxy-compound, which shows that the 
halogen atoms in the common product (LX VII) are in structurally 
equivalent positions ; further, this derivative, the dichloro-compound 
(LXVIIT), and the dibromo-compound, are so very closely similar 
(seetable) that the same conclusion must, we think, be applied to the 
latter two. As would be expected, the chlorobromo-diketone, on 
iydrolysis, yields the chlorohydroxy-compound exclusively : 


Bromohydroxy-compound. Chlorohydroxy-compound. 


m| Fa ee 


w-CBr ‘CMe, CC1Br-CMe CCl ‘CMe, 

CO 2 2 CO 2 CO 3 . 
<co—tMe, <co —(CMe, Sco-iMe, 

(LXVI; orange, (LXVII; orange, (LXVIII; orange, 
m. p. 182°) m. p. 178°) m. p. 187°) 


Peer Br—CMe CBr-CMe. ts 
(LXIX.) O ¢ 2 “OBr) Zz ¢ 2 (LXX. 
¥ <QoBr)-CMe, OP) Soot 


Here, as with oxidation, one is not compelled to interpret the 
reactions on the basis of the monocyclic unsaturated formula for 
,he bromohydroxy-compound, but, nevertheless, there are good 
grounds for doing so. According to Orton, Hughes, and Watson 
J., 1927, 2461), the bromination of a ketone takes place by direct 
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8-bromine-substitution of the enol, the product being necessarily 
ketonic : 
RIOT 
—¢G-—=—(_0H —> —CBr—C—90 

The reaction is assumed to occur on “ activation ’’ of the enol, and 
one form which activation might conceivably assume would be the 
ionisation of the hydroxyl group with the production of a strongly 
electron-repelling negative pole. This may be the significance of 
the observation that, whereas the dihalogeno-diketones are readily 
produced by halogenation in cold acetic acid (ionising solvent), they 
cannot be prepared in pure chloroform or carbon disulphide (non. 
ionising solvents) (compare Francis and Willson). Taking the view 
that in the bromination, as in the oxidation, of the bromohydroxy. 
compound, the reactive individual is probably the ion, and, accepting 
Orton, Watson, and Hughes’s mechanism, the constitutions 
(LX VI—LXVIII) follow automatically. 

It is now possible to develop the suggestion made on p. 368 that 
dibromophorone represents a balanced example of ring-chain 
valency tautomerism. In its chemical properties it has much in 
common both with phorone and with its fully cyclised oxygenated 
derivatives. Sugden’s parachor determinations provide interesting 
physical evidence pointing to an intermediate condition, and some 
additional confirmation from the physical side is provided by 


refractivity data : 
Exaltation (A 5893) for 


Cod 


Phorone 04 4-77 5-32 
Dibromo-derivative . 3°10 3°65 
Dichloro-derivative ° 2-03 2-57 
Acetoxy-derivative , 0-21 0-76 
The varying action of different substituents in favouring to 
different degrees the cyclic form of the phorone system arises, wt 
believe, from their different electron-giving tendencies. An electron- 
giving group in position (1) (LX XI), collaborating with the elctron- 
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attracting carbonyl group in position (5), will produce a series off x° 


mutually dependent displacements of the labile electrons of the 
double bonds (1—2) and (3—4), giving as the first stage of space- 
conjugation a partial valency between the carbon atoms (2) and 
(3) (LX XI). If the tendency to this change is sufficient, the mole- 
cule may reach or approximate to the dipolar condition, represented 
by (LX XII), in which the labile double-bond-electrons are now at 
(4—5), and are subject to simultaneous repulsion by the negative 


charge at (5) and attraction towards the positive charge at (I).§, 
This condition corresponds to a partial valency between (4) and (1), 
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and depolarisation in the direction of the potential gradient might 
establish the bond (4—1) (LXXIII). Formula (LXXII), then, 
may be taken to represent a whole range of states on either side of 
the dipolar condition; its equilibrium with (LX XI) exemplifies the 
enception of ring-chain valency tautomerism, and its equilibrium 
with (LX XIII) that of tautomerism corresponding with the Wagner 
r-arrangement. It is evident, also, that any mechanism for 
external depolarisation (e.g., association with another ion) might 
obviate the necessity for internal re-adjustment. 


(2) 
re YC==CMe, 
Kye 
6) \OC—=CMe, 


(4) (3) (4) 


(LXXI.) “iy (LX XIII.) 


According to this view, the tendency of a substituted phorone to 
dose up should run parallel with the basicity (tendency to become 
shared) of the unshared electrons in X; and, for the groups, X, 
examined, the order of the effect, as indicated, for instance, by 
op-directive power in aromatic substitution, should be OR> 
halogens>H, which agrees with the observations. 


EXPERIMENTAL. 


(Note: The analysis of many of the compounds described in this 
section gave difficulty until it was discovered that by the use of 
cuprous chloride (Haas, J., 1906, 89, 570) the escape of unburnt 
methane and ethane could be avoided and correct results obtained. 
Most of the carbon and hydrogen estimations recorded below were 
carried out by Haas’s method.] 

ax-Dibromophorone (1 : 4-Dibromo-2 : 2 : 3 : 3-tetramethyl-[0,1,2]- 
dicyelopentanone).—This was prepared in the manner recommended 
by Francis and Willson (yields 80—88%; m. p. 32°). It is 
"Buecessary that the phorone tetrabromide (yields 80—90%; m. p. 
88°) should be perfectly pure and our practice was to crystallise it 
three times from alcohol before conversion. 

Care being taken to avoid accidental inoculation, dibromo- 
phorone, when fused and cooled to 20°, remains liquid long enough 
‘Bto enable its density and refractive index to be determined. We 
found d2° 1-5727, and n%” 1-54766, whence [R;]) = 59°74. Francis 
and Willson, working at 37°, obtained [R,], = 59-77. The exalt- 
ations recorded on p. 384 are calculated from Eisenlohr’s (1910) 
‘ftomic and structural constants and our observed value for 
[Ri}o. 
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Reduction of Dibromophorone to Phorone and Deoxyphorone, 


Dibromophorone was reduced with amalgamated zinc and boiling 
concentrated hydrochloric acid (compare Clemmensen, Ber., 19]3 
46, 1837). In the early stages of the process phorone distilled fro 
the short condenser employed. After 2 hours the product wa; 
distilled in steam, the distillate extracted with ether, and the 
deoxyphorone thus obtained purified by washing with a litt 
ligroin and crystallisation from alcohol; m. p. 190° (Found; (¢, 
82-9; H, 10-7. Cale.: C, 83-0; H, 10-8%). The portion of the 
reduction product which did not distil in steam was a yelloy, 
viscous oil, which decomposed on attempted distillation at 2 mn, 
It decolorised permanganate, but did not yield a semicarbazone or 
other crystalline derivative. 

Reduction of Dibromophorone to 3:3:4:4-Tetramethylcycho. 
pentanone.—Dibromophorone (25 g.), hydriodic acid (250 g: 
d 1-7), and red phosphorus (30 g.) were boiled together under reflux 
for 4 hours and the product was distilled in steam. Owing to the 
volatility of tetramethylcyclopentanone in ether vapour, it was found 
advantageous to proceed with its isolation without the use of ether. 
The first 50 c.c. of distillate, which contained the bulk of the ketone, 
were therefore collected separately and saturated with ammonium 
sulphate; the oil was then removed, dried directly with calcium 
chloride, and distilled; b. p. 190—195°; m. p. 130° (Found: 
C, 76-7; H, 11-5. Cale.: C, 77-1; H, 11-4%) (compare Francis 
and Willson, loc. cit.). The aqueous liquid, on treatment with 
semicarbazide acetate, yielded the semicarbazone of the same 
ketone; m. p. 224° (Found: C, 60:7; H, 9-6. Calc.: C, 604; 
H, 9-6%) (compare Francis and Willson). 

1 - Bromo -2 : 2: 3 : 3- tetramethyl - [0,1,2] - dicyclopentan - 4 - dl- 
5-one (1-Bromo-2 : 2 : 3 : 3-tetramethyl-A5-cyclopenten-5-ol-4-one),— 
This compound (yield nearly quantitative; m. p. 116°. Found: 
C, 46-4; H, 5-6. Cale.: C, 46-3; H, 5-6%), its acetyl derivative 
(m. p. 74°. Found: C, 48-2; H, 5:6. Cale.: C, 48-0; H, 5-5%), 
and benzoyl derivative (m.p.92°. Found: C,56-8; H,5-3. Cale.: 
C, 57-0; H, 5-0%), we have prepared by the methods of Francis 
and Willson. The free hydroxy-compound gives a wine-red colour 
with aqueous-alcoholic ferric chloride. Since the benzoyl deriv- 
ative provides the most convenient route to the reduced compounds 
mentioned below, the following details of its preparation may be 
given. The hydroxy-compound (12 g.) and benzoyl chloride (8 g.) 
were heated in pyridine solution on the steam-bath for 30 minutes. 
The ethereal extract obtained after the mixture had been poured 
into water was washed several times with dilute sulphuric acid and 
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with dilute sodium hydroxide solution, dried with calcium chloride, 
and evaporated. The solid residue was crystallised twice from 
aqueous alcohol, and obtained as colourless needles, m. p. 
2°. Neither the acyl derivatives nor the hydroxy-compound 
appears to yield an oxime or semicarbazone. The d-bromocamphor- 
sulphonyl derivative was prepared by boiling a xylene solution of 
i-bromocamphorsulphony] chloride with the silver derivative of the 
bromohydroxy-compound. After distillation of the xylene, the 
product was extracted with ether and the extract was washed with 
aqueous sodium carbonate, dried, and evaporated. The residue 
aystallised from ligroin or alcohol in pearly plates, m. p. 150° 
found: C, 43:2; H, 5-2. (C,,H,.O;Br,S requires C, 43-3; H, 
50%). The compound decolorises permanganate in cold acetone 
vith moderate rapidity, and does not appear to be capable of 
eparation into optical isomerides by fractional crystallisation. 

The methyl derivative was prepared by the action of an excess of 
nethyl iodide on the solution obtained by adding the bromohydroxy- 
empound to an exact equivalent of alcoholic sodium ethoxide. 
After heating for 1 hour on the steam-bath, the mixture was poured 
into water and extracted with ether. The extract was washed with 
water, dilute sodium hydroxide solution and water, dried with 
calcium chloride, and evaporated. Distillation yielded the product 
asa colourless oil, which gave no colour with aqueous alcoholic 
ferric chloride. As it did not appear to form an oxime or semi- 
ecarbazone, we have not been able to characterise it by means of 
crystalline derivatives, and there is therefore no proof that it is not 
amixture of isomerides. If this is the case, however, the principal 
wnstituent is an unsaturated O-methyl ether, because the oil 
readily reduces cold permanganate in the presence of sodium 
hydrogen carbonate in aqueous acetone, and on hydrolysis by 
hydriodic acid yields the original bromohydroxy-compound. The 
refractive indices of different preparations do not agree very closely : 
i)“ 1-5131—1-5147; the following densities have been observed : 
d? 13203, d” 1-3159, d? 1-3162; and the following uncorrected 
b. p.’s: 95°/3 mm., 120°/14 mm., 130°/20 mm., 133°/25 mm. 
(Found: C, 48-3; H, 5-9. C, ,H,,0,Br requires C, 48-6; H, 
61%). A substance having substantially identical properties can 
be obtained, but less satisfactorily, by methylating the bromo- 
hydroxy-compound with twice the theoretical amount of methyl 
sulphate and excess of aqueous sodium hydroxide. The mixture was 
heated on the steam-bath for 1 hour, poured into water, and ex- 
tracted with ether. A third method consists in allowing the silver 
salt of the bromohydroxy-compound to react with excess of methyl 
iodide in the cold; 23” 1-3167; n%” 1-5148. 
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The p-bromobenzyl derivative was prepared by means of p-bromo. 
benzyl bromide and alcoholic sodium ethoxide, the mixture being 
heated on the steam-bath for 2 hours before being worked up as in 
the preceding example. The residue from the ethereal extract 
readily solidified and on crystallisation from dilute alcohol yielded 
iridescent plates, m. p. 65° (Found: C, 47-8; H, 4-4. C,,H,,0,Br, 
requires C, 47-8; H, 45%). The same compound is obtained by 
allowing p-bromobenzyl bromide to react with the silver derivative 
of the bromohydroxy-compound in boiling ethereal-alcoholic 
solution. It forms no semicarbazone and does not give a colour 
with aqueous-alcoholic ferric chloride. It does not attack bromine 
in chloroform, does not form a semicarbazone, and is remarkably 
stable to dilute alkaline permanganate in aqueous acetone even at 
65—70°. Part of the product of the action of p-bromobenzy| 
bromide on the sodio-derivative is an uncrystallisable oil, which is 
obtained from the ultimate mother-liquors in the crystallisation, 
It reduces permanganate but does not give a colour with ferric 
chloride; its behaviour on reduction is described below. 

The p-nitrobenzyl derivative, similarly prepared, crystallises from 
alcohol in pearly plates, m. p. 111° (Found: C, 52-2; H, 54. 
C,,H,,0,NBr requires C, 52-2; H, 4-9%). 

1-Cyano-2 : 2 : 3 : 3-tetramethyl -[0,1,2]-dicyclopentan - 4 - ol -5-one 
(1-Cyano-2 : 2 : 3 : 3-tetramethyl - A® - cyclopenten - 5 - ol - 4 - one).—This 
substance was obtained in poor yield both by heating the bromo- 
hydroxy-compound in 50% alcoholic solution containing an excess 
of potassium cyanide on the steam-bath for 3 hours, and by boiling 
a solution of the bromohydroxy-compound in ligroin (b. p. 100— 
120°) with silver cyanide for 6 hours. After several crystallisations 
from ligroin, it was obtained as colourless needles, m. p. 172—173° 
(Found: N, 8-0. C,,H,,0,N requires N, 7-8%). 

2:2:3:3-Tetramethyl-[0,1,2]-dicyclopentan-4-ol-5-one (2 :2:3:3- 
T etramethyl-A5-cyclopenten-5-ol-4-one)—This was prepared, 4s 
described by Francis and Willson, both by reduction of the bromo- 
hydroxy-compound with zine dust and glacial acetic acid, and by 
reduction of the bromoacetoxy-derivative with the same reagents 
and subsequent saponification with aqueous sodium hydroxide. 
Even by the latter method, however, we were unable to obtain more 
than an approximately 70% yield (contrast Francis and Willson), 
owing, as it subsequently appeared, to the fact that under our 
conditions part of the unsaturated halogen-free acetoxy-compound 
undergees further reduction to a dihydro-derivative (vide infra). 
The free hydroxy-compound gives a dull red colour with aqueous 
alcoholic ferric chloride. The acetyl derivative, when purified by 
distillation after preparation in the manner indicated, or whet 
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prepared by acetylation of the halogen-free crystalline hydroxy- 
compound by boiling for 1 hour with excess of acetic anhydride, is 
a colourless oil, b. p. 120°/15—16 mm. (Found: C, 67-0; H, 8-7. 
(,;H,,03 requires C, 67-2; H, 8-2%). It readily absorbs bromine 
in chloroform, and decolorises a cold aqueous acetone solution of 
potassium permanganate and sodium hydrogen carbonate; it gives 
no colour with aqueous-alcoholic ferric chloride. For the density 
and refractive index we find d?” 1-0190 and n> 1-4549, whence 
[Rijo = 52°21. The exaltations given on p. 384 are calculated 
fom Eisenlohr’s (1910) constants. The benzoyl compound was 
prepared by Francis and Willson by benzoylation of the hydroxy- 
derivative. We have prepared it in considerable quantities by 
reducing the bromobenzoyloxy-compound with half its weight of 
inc dust in boiling glacial acetic acid for about 2-5 hours. The 
nixture is then cooled, the liquid decanted from the zinc and zinc 
acetate into water, the solid washed with fresh acetic acid, and the 
precipitated oil extracted with ether. The extract was washed with 
cold 10° sodium hydroxide solution, dried, and evaporated. The 
product separates from dilute alcohol in glistening plates, m. p. 
68° (after two crystallisations), and is identical with the material 
prepared by Francis and Willson’s method (Found: C, 74-25; 
H,7-1. Cale. : C,74:4; H,7-0%). It gives no colour with aqueous- 
alcoholic ferric chloride, and permanganate in aqueous acetone 
containing sodium hydrogen carbonate remains coloured for many 
hours. It is also unaffected by bromine in chloroform, and does not 
appear to undergo further reduction by prolonged treatment with 
excess of zinc dust in boiling glacial acetic acid. It is not easily 
hydrolysed by aqueous sodium hydroxide, but hydrolysis can be 
effected by heating on the steam-bath for 1 hour with 10% aqueous- 
alcoholic potassium hydroxide. The mixture is then evaporated to 
expel most of the alcohol, acidified, and extracted with ether, and 
the benzoic acid is removed from the ethereal solution by washing 
with aqueous sodium hydrogen carbonate. This provides the most 
satisfactory method for the preparation of the free hydroxy- 
compound. 

The methyl derivative has been prepared by the following three 
methods: (1) The halogen-free hydroxy-compound was warmed 
on the steam-bath for 2 hours with methyl sulphate and 10% 
aqueous sodium hydroxide. After decomposition of the excess of 
methyl sulphate the methylation product was extracted with ether. 


.} In one experiment we obtained an oil, which, on strong cooling, 


yielded well-formed needles, m. p. 37° (Found: C, 71-2; H, 9-6. 

Cj9H,,0, requires C, 71-4; H, 95%). The quantity obtained was 

small and was almost all used for the analysis.’ Unfortunately, 
02 
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despite many attempts, we have not since succeeded in reproducing 
this result, and are therefore unable to describe the properties of this 
solid derivative. On all other occasions the product has been 
colourless oil, b. p. 112—115°/21 mm., nj" 1-4687 (Found : C, 70-2: 
H, 9:3; OMe, 18-1. Cale.: OMe, 18-5%), which rapidly decolorises 
cold alkaline permanganate, and absorbs bromine in chloroform, 
It gives no colour with ferric chloride. (2) The hydroxy-compound 
was heated for 2 hours on the steam-bath with a methyl-alcoholic 
solution of sodium methoxide (1 mol.) and excess of methyl iodide, 
The product was poured into water and extracted with ether, and 
the extract dried and distilled. The distillate, b. p. 108—112° 
18 mm:, 7j" 1-4687, OMe 18-1%, has properties identical with thos 
of the product obtained by method (1). (3) The bromomethoxy. 
compound was reduced by the method already described for the 
reduction of the bromoacetoxy-compound. The methoxy-compound 
so obtained was purified by distillation, controlled by b. p, 
and refractive-index determinations (vide the dihydro-derivative), 
Since the liquid methoxy-compound gives an oily oxime, and we 
have not been able to prepare a crystalline derivative, there is no 
proof that it is not a mixture of isomerides; but if this is so, the 
principal constituent is 5-methoxy-2 : 2 : 3 : 3-tetramethyl-A®-cydb. 
penten-4-one, as is shown by its behaviour on further reduction 
(below). The Zeisel determinations show that it cannot contains 
substantial proportion of any C-methylation product. The oxime 
has b. p. 140—150°/22 mm. 

The p-bromobenzyl derivative was prepared by reducing tile 
bromo-p-bromobenzyloxy-compound with glacial acetic acid ani 
excess of zinc. After boiling for 3 hours, the acetic acid solution 
was poured into water and extracted with ether. The ethereal 
extract was washed with cold alkali, dried, and evaporated. The 
crystalline residue separated from ligroin in long, colourless prisms : 
m. p. 86° (Found: C, 59:2; H, 5-9. C,.H,O,Br requires (, 
59:3; H, 59%). The same substance was obtained by heating the 
hydroxy-compound (1-0 g.) with methyl-alcoholic sodium methoxite 
(prepared from 0-16 g. of sodium) and p-bromobenzyl _bromiti 
(1-7 g.) on the steam-bath for 1 hour (yield, 90%). 
gives no colour with aqueous-alcoholic ferric chloride. 
decolorises permanganate in acetone, and does not appear to absot! 
bromine in cold chloroform, although on warming bromine disappeal 
and hydrogen bromide is evolved, showing that substitution » 
taken place. It forms a crystalline oxime (p. 403). 

3:3:4: 4-Tetramethyleyclopentanone.—Francis 
obtained this substance from the bromohydroxy-compound Jy 
reduction with sodium amalgam, which is a convenient reagent 


RING-CHAIN VALENCY TAUTOMERISM, ETC. PART I. 391 


the preparation of small quantities. For larger amounts the 
(lemmensen method is preferable. The reduction is complete in 
| hour and the ketone is then removed from the water-cooled trap 
employed to collect it. A further small quantity is obtainable from 
hydrochlorie acid solution by distillation in steam (total yield, 
15%). We have also prepared the ketone by the action of sodium 
amalgam on @ hot aqueous solution of the bromine-free hydroxy- 
compound, and by the action of hydriodic acid at 140° on its 
methyl and p-bromobenzyl derivatives, as well as by the methods 
described elsewhere in this paper. 

The dipiperonylidene derivative was obtained by boiling under 
reflux a solution of the ketone (0-5 g.), piperonaldehyde (1-5 g.), and 
potassium hydroxide (1:5 g.) in 80% alcohol (30 c.c.) for 1 hour. 
The cooled solution was diluted with water, and the product, which 
yas precipitated as a slowly solidifying oil, was drained, washed 
with ligroin, and crystallised from methyl alcohol, from which it 
separated in yellow, rhombic prisms, m. p. 125° (Found: C, 74-0; 
H,6-0. C,,H,,0O; requires C, 74-2; H, 6-0%). 

The «a«’-diowimino-derivative (1: 3-dioxime of 4:4: 5: 5-tetra- 
methylcyclopentanetrione) was prepared by treating the ketone 
(0:7 g.) with tsoamy] nitrite (1-2 g.) in ethyl alcohol (1-0 ¢.c.) con- 
taining 10 drops of concentrated hydrochloric acid. After being 
kept for 30 minutes, during which the temperature rose to 40°, 
the solution was basified with sodium hydroxide and extracted with 
ether, then acidified, and again extracted with ether. The second 
extract was washed with sodium hydrogen carbonate solution, 
dried, and evaporated, and the residue was washed with ether and 
thloroform (yield, 60%). The same substance was obtained from 
the ketone (0-7 g.), tsoamyl nitrite (1-2 g.), and 0-5 c.c. of a solution 
of sodium methoxide prepared by dissolving 0-12 g. of sodium in 
2c.c.of methyl alcohol. ‘The mixture was kept at 40° for 20 minutes, 
cooled, diluted with water, mixed with aqueous sodium hydroxide, 
and extracted with ether. The aqueous solution was then saturated 


with carbon dioxide and again extracted. Another method which 
"Bhas been used consists in passing nitrosyl chloride into a solution of 


the ketone in chloroform, ether, or ligroin. The dioxime separates 
from alcohol in pale yellow needles, m. p. 223° (decomp.) (Found : 
, 54:1; H, 7:0. CyH,,O,N, requires C, 54:5; H, 7:1%). On 
hydrolysis with hydrochloric acid in the presence of formaldehyde 
(Perkin’s method) it yielded a nitrogen-free oil which reduced 
Fehling’s solution and stained the skin purple just as does 
G1: 2:3-triketohydrindene. This evidently consisted of tetramethy]- 
cyclopentanetrione or its hydrate, since on treatment with excess of 
hydroxylamine acetate in boiling 90% alcohol, it was converted 
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into a crystalline 1 : 2 : 3-trioxime, which was isolated by evaporating 
the alcohol and extracting the residue with chloroform. The same 
trioxime was obtained directly from the 1 : 3-dioxime by treatment 
with hydroxylamine acetate under the conditions described. | 
separates from chloroform-ether in colourless needles, m. p. 168~ 
169° (Found: N, 19-5. C,H,;0,N, requires N, 19-7%), and gives 
a strong purple colour with aqueous-alcoholic ferric chloride. 

The oxime was prepared by heating tetramethylcyclopentanone 
with an excess of aqueous-alcoholic hydroxylamine acetate for some 
hours on the steam-bath. The partly evaporated solution was 
extracted with ether, and the dried and concentrated ethereal 
solution was treated with dry hydrogen chloride, which precipitated 
the hydrochloride of the oxime, m. p. 119° (Found: Cl, 184, 
CyH,,ON,HCI requires Cl, 18-5%). The solution of this in aqueous 
sodium carbonate yielded the pure oxime, m. p. 107°, on extraction 
with ether (Found: N, 9-1. C,H,,ON requires N, 9-0%). The 
oxime is very soluble in most organic solvents, but can be crystallised 
from ligroin. It is volatile in steam. It reduces Fehling’s solution 
and gives a green colour with bromine in aqueous pyridine (Piloty, 
Ber., 1898, 34, 454). 

Formation of 3: 3:4: 4-Tetramethylcyclopentanone from Pinacol 
and Ethyl Acetonedicarboxylate—Pinacol was converted into 
by-dibromo-fy-dimethylbutane (m. p. 173°; compare Centurier, 
Ann. Chim. Phys., 1892, 26, 444) by treatment with the theoretical 
amount of phosphorus tribromide. Ethyl acetonedicarboxylate 
(20-2 g.), the dibromide (24-4 g.), and alcoholic sodium ethoxide 
prepared from 4-6 g. of sodium and 50 g. of ethyl alcohol were heated 
together for 4 hours on the steam-bath. The product was worked 
up into fractions insoluble in alkali, insoluble in sodium hydrogen 
carbonate but soluble in sodium hydroxide, and soluble in carbonate, 
but difficulty was experienced in the purification of these, and they 
were therefore hydrolysed by boiling with 20% hydrochloric acid 
under an efficient condenser. On distillation in steam the eliminated 
alcohol and the ketone passed over in the first runnings, from which 
the ketone was collected in the form of its semicarbazone, m. p. 224", 
after addition of semicarbazide acetate. 

Conversion of 3: 3: 4 : 4-Tetramethyleyclopentanone into the Bromo- 
hydroxy-compound.—A general description of these experiments is 
given in the introduction (p. 369), and it need be added only that the 
product was identified by m. p., mixed m. p., and analysis, and by 
the m. p. and mixed m. p. of its acetyl derivative. 

3:3:4:4-Tetramethylcyclopentylamine—(1) A solution of 
3:3:4:4-tetramethylcyclopentanone oxime (2-0 g.) in alcohol was 
heated to 50—60° while 2-5% sodium amalgam (50 g.) and hot 
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glacial acetic acid were gradually added. The solution was cooled, 
separated from the mercury, diluted with water, and extracte@ with 
ether to remove any unchanged oxime. After basification with 
sodium hydroxide, the amine was extracted with ether, and the 
extract was dried with potassium carbonate and distilled through a 
fractionating column. 

(2) A boiling solution of the oxime (2-0 g.) in absolute alcohol 
(50 g.) was slowly poured on sodium wire (5 g.), contained in a flask 
fitted with an efficient reflux condenser. After addition of an 
excess of aqueous acetic acid, the solution was evaporated to drive 
of most of the alcohol, extracted with ether, basified, and again 
extracted, the ether being finally removed through a column. 

(3) The oxime (1-0 g.) was first converted into its acetyl derivative 
by mixing a solution in dry pyridine with acetyl chloride (0-5 g.) 
with external cooling. The product was isolated by pouring into 
dilute sulphuric acid and extracted with ether. The extract, after 
being washed with dilute acid, dried, and evaporated, gave a 
colourless oil, which yielded no precipitate when its solution in dry 
ether was treated with dry hydrogen chloride. The acetate was 
dissolved in 75 c.c. of glacial acetic acid, and treated with 10 g. of 
palladised barium sulphate (corresponding to 0-5 g. of palladium), 
and hydrogen at the ordinary temperature and 1-5 atmospheres 
pressure, with shaking, until the requisite amount of hydrogen had 
been absorbed (usually less than 1 hour). The mixture was then 
decanted into water, and the precipitate washed by decantation 
with fresh acetic acid; the diluted acid solution was then extracted 
with ether, basified with sodium hydroxide, and again extracted, 
the second extract yielding the amine. 

The base obtained by these methods forms colourless needles, 
m. p. 100—102°, having a characteristic odour. Owing to its 
volatility, and great solubility in the usual solvents, we did not 
recrystallise it, but characterised it by means of its salts and acetyl 
derivative. The picrate was precipitated in alcoholic solution and 
crystallised twice from alcohol, from which it separated in bright 
yellow needles, m.. p. 255° (decomp.) (Found: C, 48-1; H, 6-0. 
C1;H.0,N, requires C, 48-6; H, 60%). The chloroaurate, obtained 
by addition of chloroauric acid to a hydrochloric acid solution of 
the base, separated from 15°, hydrochloric acid in orange-yellow 
needles, m. p. 230° (decomp.) (Found: C, 22-6; H, 4-6; Au, 39-9. 
CyH,»NCl,Au requires C, 22-4; H, 4:2; Au, 40-1%). The hydro- 
chloride, precipitated from ethereal solution by dry hydrogen 
chloride, had m. p. 308° (decomp.) and was very deliquescent. 
The acetyl derivative was prepared by boiling the picrate (0-5 g.) 
for 2 hours with excess of acetic anhydride in the presence of 
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anhydrous sodium acetate (0-5 g.). The product was poured into 
wateg, and, after decomposition of the acetic anhydride, extracted 
with ether. ‘The acetic acid and picric acid were removed by wash. 
ing with 5% aqueous sodium hydroxide, and the extract was dried 
with potassium carbonate and evaporated. The oil solidified while 
still hot (yield, 0-20 g.; m. p. 95°, unpurified), and crystallisation 
from ligroin yielded felted needles, m. p. 95° (Found: C, 71-9; 1. 
11-4. C,,H,,ON requires C, 72:1; H, 11-4%). | 

2:2:3:3-Tetramethyl-[0,1,2]-dicyclopentan-4-ol-5-one Oximes.— 
A solution of the hydroxy-ketone (0-5 g.), hydroxylamine hydro. 
chloride (0-23 g.), and sodium acetate (0-27 g.) in 3 c.c. of 10% 
aqueous sodium hydroxide was kept at 40° for 40 hours; the 
precipitate was then collected, and washed with a little water, 
alcohol, and ether. This substance, m. p. 200° (decomp.), contained 
sodium and was evidently the sodium salt of an oxime. Its solution 
in water, on treatment with carbon dioxide, yielded the mono. 
hydrate of the «-oxime, m. p. 75°, as pearly plates, which after a 
further crystallisation from water had m. p. 76—77° (Found: 
H,O, 9-6. C,H,;0,N,H,O requires H,O, 9:7%). On desiccation 
in a vacuum the hydrate became converted into the anhydrous 
a-oxime, m. p. 96° (Found: N, 8-5. C,H,;O,N requires N, 8-3%), 
which crystallised from carbon tetrachloride—ligroin in long prisms 
having the same m. p. The filtrate from the oxime hydrate was 
acidified with hydrochloric acid at 0° and extracted with ether; 
a gum was then obtained which, on desiccation, set to a slowly 
crystallising glass. On crystallisation from carbon tetrachloride- 
ligroin, this yielded pearly leaflets, m. p. 174—175°, which gave the 
reactions of a hydrochloride and contained solvent of crystallisation. 
On heating at 100° a loss in weight amounting to 38% (theory for 
1 mol. of CCl,, 43%) occurred, and the product then had m. p. 189— 
190° (Found: C, 53-5; H, 8-2. C,H,,0,NCl requires ©, 52:; 
H, 8:2%). This is apparently the hydrochloride of the «-oxime, since 
its solution in water is acid, contains chloride ions, and on basification 
yields the «-oxime. This was obtained by extraction with ether 
after addition of sodium carbonate, and dehydration in ethereal 
solution with anhydrous potassium carbonate. The product was 


identified with the oxime, m. p. 96° (mixed m. p.), and then crystal-. 


lised from water, the monohydrate, m. p. 76—77°, being obtained. 
The carbon tetrachloride—ligroin mother-liquors, on concentration, 
deposited crystals of the same oxime hydrate. In another exper- 
iment in which 5 g. of the hydroxy-ketone were condensed with 
hydroxylamine acetate, precipitation of the sodium salt of the 
oxime did not occur, and the whole yield of oxime was isolated by 
way of the hydrochloride in the manner indicated by the preliminary 
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investigation described. The benzoyl derivative of the oxime 
crystallised from dilute alcohol in colourless needles, m. p. 134—135° 
(Found : C, 70-0; H, 7-4. C,,H,,0,N requires C, 70:3; H, 7-0%). 

When the «-oxime is treated with dry hydrogen chloride in cold 
ethereal solution, a new hydrochloride, m. p. 69—70°, is precipitated. 
On basification of its solution with sodium carbonate the hydrate of 
the «-oxime is precipitated, and the mother-liquors on concentration 
yield further crops of the same substance. However, on desiccation 
ina vacuum over potassium hydroxide the @-hydrochloride loses 
hydrogen chloride and gives the $-orime, m. p. 114—115°, which 
on crystallisation from chioroform-—ligroin forms rhombic prisms, 
m. p. 115° (Found: C, 64-1; H, 9-1. C,H,,;O,N requires C 63:9; 
H, 8:9%). On two occasions the $-oxime was obtained directly 
fom the hydroxy-ketone and hydroxylamine, but we have not 
determined the exact conditions in which it is produced in place 
of the «-oxime. The second of these experiments was conducted as 
follows. A solution of the hydroxy-ketone (1 mol.), hydroxylamine 
hydrochloride (1 mol.), and sodium acetate (excess) in aqueous 
methyl alcohol was warmed at 40° for a short time and kept over- 
night. The solution was then made strongly acid with 15% hydro- 
chloric acid, extracted with ether to remove the unchanged ketone, 
carefully neutralised with sodium hydrogen carbonate, made 
alkaline with sodium carbonate (1 mol.), and immediately extracted 
with ether. The residue from the ether was an oil, which solidified 
on rubbing, and after being washed with ligroin and crystallised, 
was identified as the B-oxime, m. p. 115°. 

On boiling with water the $-oxime is converted into the hydrate 
of the «-oxime. A mixture of the «- and 8-oximes melted at about 
60°. Both oximes reduce Fehling’s solution, but the «-oxime forms 
no colour with ferric chloride, whereas the $-oxime gives a red- 
purple colour. 

When the 8-hydrochloride was treated with hydrogen chloride 
in boiling ethereal solution, a red oil was obtained which subse- 
quently solidified. The drained crystals were crystallised first from 
carbon tetrachloride—ligroin, and then from water (charcoal) which 
removed the red colour and yielded needles, m. p. 113° (a mixture 
with the @-oxime melted below 80°) (Found: C, 63-7; H, 8-9. 
CjH,,0,N requires C, 63-9; H, 89%). The substance is not 
soluble in cold aqueous sodium carbonate, but in 10% potassium 
hydroxide it forms a pale yellow solution which, on acidification, 
becomes colourless. On account of its non-identity with ««$6-tetra- 
methylglutarimide, we provisionally assign to this substance the 
formula of the lactam of 8-amino-«-keto-8Syy-tetramethylvaleric 
acid, 
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an86-T'etramethylglutaric anhydride, which was prepared from the 
acid and acetic anhydride in the usual way, has m. p. 184°. Qp 
heating in a stream of dry gaseous ammonia, it is converted into the 
imide, which after sublimation has m. p. 200—202° (Found: \, 
8-8. C,H,,O,N requires N, 83%). The imide gives no coloy 
with ferric chloride. 

The hydroxy-ketone, or its «-monoxime, m. p. 96°, was heated 
for 2 hours on the steam-bath in ethyl-alcoholic solution with an 
excess of hydroxylamine hydrochloride, and anhydrous sodium 
acetate. The solution was filtered while hot, and mixed with ice. 
cold water, and the precipitated dioxime of 3:3: 4 : 4-tetramethyl. 
cyclopentane-1 :2-dione purified by crystallisation from dilute 
alcohol. It forms rhombic prisms, m. p. 211° (decomp.) (Found: 
C, 58:8; H, 8-6. C,H,,0,N, requires C, 58:7; H, 88%). Its 
formulation as a | : 2-dioxime was confirmed by conversion into 
the furazan. For this purpose, the dioxime (0-5 g.) was _ heated 
with 3 c.c. of concentrated aqueous ammonia in a closed tube at 
160—170° for 5 hours. The furazan, which crystallised on cooling, 
was dried and crystallised from a large volume of ligroin (b. p. 100— 
120°), from which it separated in flattened prisms, m. p. 209° (Found: 
C, 649; H, 88. C,H,,ON, requires C, 65:0; H, 85%). The 
furazan is insoluble in cold 10% aqueous potassium hydroxide. 
The same dioxime and furazan can be prepared by starting with 
the «-oxime, m. p. 96°, in place of the hydroxy-ketone. 

The hydroxy-ketone and o-phenylenediamine in equimolecular 
proportion were boiled in glacial acetic acid solution. The con. 
densation product, which separated, after cooling, on addition of 
water, crystallised from dilute alcohol in golden-yellow needles, 
m. p. 100° (Found: C, 78-8; H, 8-1. C,;H,gN, requires C, 79:5; 
H, 8:0%). 

The semicarbazone of the hydroxy-ketone was prepared by the 
usual method; it crystallised from dilute alcohol in colourless 
plates, m. p. 211—213° (decomp.) (Found: C, 56-8; H, 84. 
C1 9H,7,0.N, requires C, 56-9; H, 8-1%). 

The anil of the hydroxy-ketone, which was obtained by heating 
the latter (0-5 g.) with aniline (0-3 g.) at 100° for 1 hour, separated 
from ligroin in rhombic prisms, m. p. 104° (Found : C, 78-3; H, 84. 
C,5H,ON requires C, 78-6; H, 84%). The p-dimethylaminoani, 
similarly prepared and purified, formed yellow needles, m. p. %" 
(Found: C, 75-4; H, 8-8. C,,H,,ON, requires C, 75-0; H, 8-8%). 
These anils do not react easily with hydroxylamine, but when heated 
for 30 hours in al-oholic solution with hydroxylamine hydrochloride 
(6 mols.) and anhydrous sodium acetate (excess), yield the dioxime, 
m. p. 211°, and unidentified substances. 
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Reduction of the «-Oxime (m. p. 96°) to 3:3:4: 4-T'etramethyl- 
evclopentylamine.—This was effected by the three methods men- 
timed on p. 392, the oxime being acetylated before reduction by 
method 3. The identity of the base with that obtained from 
3:3:4:4-tetramethylcyclopentanone oxime (m. p. 107°) was 
established by the following comparisons of m. p.’s and mixed 


Mm. p.’8 :— ; 
Dichloro- Hydro- Acetyl 


Base. Picrate. aurate. chloride. derivative. 
From 96°-oxime ... 100—102° 254° 229° 305° 94° 
, 107°-oxime ... 100—102 ~ 255 230 308 95 
Mica W. Ps, , sooseone 100—102 . 254—-255 229—230 306 94 


Reduction of the Acetyl Derivative of the Hydroxy-ketone—A 
boiling solution of the acetyl derivative (7-5 g.) in glacial acetic 
acid (100 ¢.c.) was treated with 10 g. of zinc dust, which was added 
gadually during 6 hours. The cooled solution was filtered, the 
lid residue washed by decantation with fresh acetic acid, and the 
combined filtrates mixed with water and extracted with ether. The 
extract was washed with aqueous sodium carbonate solution, dried, 
and evaporated. The oily residue on fractional distillation yielded 
asmall quantity of unchanged substance (b. p. 120°/15—16 mm.; 
12 g.) and a main fraction (3-4 g.), b. p. 127°/15—16 mm. This 
substance is shown in the sequel to be 5-acetoxry-2 : 2: 3 : 3-tetra- 
nethylcyclopentanone (Found: C, 66-2; H, 9-3. C,,H,,0, requires 
(, 66-6; H, 9-2%). On hydrolysis it gives a hydroxy-ketone, 
(,H,,0,, m. p. 140°, which is being investigated. These substances 
are more conveniently prepared directly from the acetyl derivative 
(m. p. 74°) of the bromohydroxy-compound by reduction under the 
conditions described above. 

2:2:3: 3-Tetramethylcyclopentanone.—A boiling glacial acetic 
acid solution of the acetoxytetramethylcyclopentanone was treated 
during 0-5 hour with 100 g. of 2-5% sodium amalgam. The cooled 
and diluted solution was extracted with ether, and the extract 
washed with dilute sodium carbonate solution, dried, and distilled 
(column). The oily residue, which had a strong odour resembling 
that of camphor, was distilled ; 2 : 2 : 3 : 3-tetramethyleyclopentanone 
was then obtained as a wax-like solid, b. p. 100°/16 mm., m. p. 119° 
(mixed m. p. with 3:3:4:4-tetramethylcyclopentanone, 105°), 
together with a less volatile fraction, b. p. 127°/16 mm., consisting 
of the unaltered acetoxy-ketone. The 2: 2:3: 3-tetramethy]l- 
cyclopentanone obtained by this method is liable to be contaminated 
with traces of the 3:3:4:4-isomeride, which may be removed 
by taking advantage of the fact that it combines with semicarbazide 
much more rapidly than the 2:2:3:3-compound. For this 
purpose the crude ketone is treated with aqueous-alcoholic semi- 
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carbazide acetate at 18° for 30 minutes, and any precipitate which 
is formed is removed by filtration. From this the semicarbazid. 
of the 3:3:4:4-ketone has been isolated by crystallisation. The 
2: 2:3: 3-ketone is recovered from the filtrate by largely diluting it 
and extracting it with ether, and is finally purified by distillation, 
For the preparation of 2:2:3:3-tetramethylcyclopentanone jy 
quantity it is convenient to employ, in place of the saturated 
acetoxy-ketone, the mixture of reduction products obtained by the 
action of zinc and acetic acid on the bromoacetoxy-compound, the 
precaution being taken of removing any 3:3:4: 4-ketone in the 
manner described. It is also possible to obtain the ketone directly 
from the bromoacetoxy-compound by reduction with glacial acetic 
acid and a larger proportion of sodium amalgam. 

The semicarbazone separates in the course of 24 hours when the 
ketone is left in contact with aqueous-alcoholic semicarbazide 
acetate at the ordinary temperature. It crystallises from dilute 
alcohol in needles, m. p. 222° (decomp.) (mixed m. p. with the. 
semicarbazone, m. p. 224°, of 3: 3:4: 4-tetramethylcyclopentanone, 
200—205°) (Found: C, 60-9; H, 9-9. C, 9H, ON, requires C, 609; 
H, 96%). 

The oxime was prepared by boiling an alcoholic solution of the 
ketone for 18 hours with a slight excess of hydroxylamine hydro. 
chloride and anhydrous sodium acetate. After dilution with water, 
the oxime was extracted with ether, and the extract washed with 
aqueous sodium carbonate, dried with calcium chloride, and con. 
centrated to a small bulk. Dry hydrogen chloride was then passed 
in, and the oxime hydrochloride, m. p. 125° (Found; Cl, 184, 
C,H,;ON,HCI requires Cl, 18-5%), collected and washed with ether. 
The free oxime, liberated by means of sodium carbonate and isolated 
by extraction with ether, had m. p. 101—102°. It is extremely 
soluble in the usual organic solvents. 

2:2:3:3-Tetramethylcyclopentylamine.—This was prepared fron 
the oxime by reduction with sodium and alcohol as described m 
p. 392. The base is crystalline (needles) at the ordinary temperature, 
and is closely similar in odour and volatility to 3:3: 4: 4-tetm 
methylcyclopentylamine; but, apart from noting these points, we 
have not investigated the free amine owing to the rapidity with 
which it disappears. Its picrate separates from methyl alcohol 
ligroin in yellow needles, m. p. 242—243° (decomp.). Found: ¢, 
48-9; H, 5-9. C,;H,.O,N, requires C, 48-6; H,6-0%). It is closely, 
similar in appearance to the picrate (m. p. 255°) of the isomeric base, 
but a mixture of the two melted at 235—236°. The acetyl derivative, 
obtained from the picrate by boiling with acetic anhydride ani 
sodium acetate, separated from ligroin in prisms, m. p. 115° (Found: 
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(, 71:9; H, 11-4. C,,H,;ON requires C, 72-1; H, 11-4%). A 
mixture with the acetyl derivative of the isomeric base had m. p. 
385°. 

Reduction of the Oxime of 5-Acetoxy-2 : 2 : 3 : 3-tetramethyleyclo- 

tanone.—The oxime was prepared in the usual way, but it could 
not be crystallised and therefore was reduced, without purification, 
by means of sodium and alcohol. The product was identified as 
2:2:3 : 3-tetramethylcyclopentylamine. 

Action of Hydroxylamine on the Benzoyl Derivative of the Hydroxy- 
‘Mictone—(1) The benzoyloxy-compound was dissolved in a cold 
ehyl-alcoholic solution of hydroxylamine hydrochloride (1 mol.) 
entaining dry sodium hydrogen carbonate (1 mol.) in suspension. 
After being kept at the ordinary temperature for 18 hours, the 
product was poured into water and extracted with ether, and the 
atract was washed with dilute sodium carbonate solution, dried, 
ad evaporated. The oxime thus obtained in excellent yield 
separated from hot water or from chloroform-ligroin in well- 
developed prisms, m. p. 115° (Found : ©, 63-8; ‘H, 8-8. C,H,,0,N 


‘YiMrequires C, 63-9; H, 8-9%). The sodium carbonate solution on 


acidification yielded benzoic acid. The new oxime, which may be 
distinguished by the prefix y-, gives a pale red-brown colour with 
ferric chloride. It is soluble in sodium hydroxide and concentrated 
hydrochloric acid, and can be recovered from each solution un- 
changed, in the former case by neutralisation, and in the latter 
‘Bby dilution. A mixture with the 8-oxime (m. p. 115°), described 
on p. 395, melted at about 100°, and a mixture with the isomeric 
‘Mactam (m. p. 113°) (p. 395) melted at 85°. The same oxime was 
‘@obtained by various modifications of the method described above, as, 
for instance, heating an alcoholic solution of the hydroxy-ketone 
with anhydrous sodium acetate (excess) and hydroxylamine hydro- 
chloride (1 mol.) for 3 hours on the steam-bath. On boiling with 
dilute hydrochloric acid, the oxime is hydrolysed to the original 
hydroxy-ketone, which may crystallise from the solution on cooling 
igor can be extracted with ether. When, however, hot concentrated 
‘Biydrochloric acid is used in attempted hydrolysis, deep-seated 
changes take place and an intractable oil is produced. 

(2) An alcoholic solution of the benzoyloxy-compound (2-5 g.) was 
boiled for 2 hours with hydroxylamine hydrochloride (3-5 g.) and 
anhydrous sodium acetate (4-0 g.). On working up the product, 
YyPs in the preceding experiment, the dioxime, m. p. 211° (decomp.), 
gas obtained together with benzoic acid. The same dioxime is 
obtained when the monoxime is further oximated under the same 
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a closed tube at 100° for 30 minutes with a chloroform solution of 
nitrosyl chloride. On evaporation an oil remained which gooy 
became semi-solid. The crystals were drained, washed with ligroin 
and with xylene, and crystallised from carbon tetrachloride—lgroin, 
from which colourless octahedra separated, m. p. 200° (Found: 
C, 63:5; H, 85. C,H,;O,N requires C, 63-9; H, 8-9%). The 
substance is soluble in cold 10% potassium hydroxide solution, 
and gives a faint red colour with ferric chloride. It is provisionally 
regarded as the lactam of 8-amino-«-keto-yy-dimethylisoheptoic acid, 

Reduction of the y-Oxime.—The oxime was reduced with excess of 
sodium in boiling alcohol, as described on p. 392, and the bag 
isolated and converted into its picrate. The latter was much mor 
soluble in alcohol than the picrates of the tetramethylcyclopentyl. 
amines, and was therefore precipitated from ethereal solution. In 
the crude state it had m. p. 220—221°, and separated fro alcohol- 
ligroin in yellow needles, m. p. 221° (Found : C, 46-8, 46-9; H, 5:7, 
5:8; N, 14:9. C,;H,.O,N, requires C, 46-6; H, 5-7; N, 14-59%), 
The substance thus appears to be the picrate of 5-hydroxy-2 : 2:3:3 
tetramethylcyclopentylamine. 

Action of Amyl Nitrite and Sodium Methoxide on 3:3:4:4 
Tetramethylcyclopentanone.—Unless special precautions are taken, 
the sole product obtained from the reaction indicated is the az. 
dioximino-compound described on p. 391. By carefully regulatiy 
the conditions, however, we have obtained, although in very smal 
yield, a mono-oximino-derivative which appears to be identicd 
with the y-oxime obtained from the benzoyloxy-compound (above 
The ketone (6 g.) and isoamy]l nitrite (5 g.) were mixed at 0° witha 
solution of sodium methoxide prepared from 0-12 g. of sodium and 
2 c.c. of methyl alcohol. The mixture was slowly warmed to 
35—38° and maintained at this temperature for 20—30 minutes 
(The limiting conditions of success in this experiment are very 
narrow; for example, in a similar experiment in which the mixture 
was kept at 32° oximination did not take place, and another exper 
iment at 40° yielded mainly the dioximino-derivative.) After 
addition of water, the mixture was shaken with 10% sodium 
hydroxide and ether, and the aqueous solution saturated with 
carbon dioxide and again extracted with ether. The second extract 
was washed once with sodium hydrogen carbonate solution, drie( 
with sodium sulphate, and evaporated. The residue, after draining 
on porous porcelain, was washed with ligroin containing a little 
xylene to remove coloured impurities, and then extracted with hot 
ligroin, in which the dioximino-compound is only slightly soluble. 
The solution on cooling deposited colourless needles, m. p. about 
105° (Found : N, 8-5. C,H,,0,N requires N, 8-3%); these probably 
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contained traces of the dioximino-compound, which, with the small 
quantities at our disposal, we have been unable to eliminate. In 
its general reactions, however, this oxime closely resembles the 
y.oxime described above: for instance, it gives a pale red-brown 
colour with ferric chloride, reduces Fehling’s solution, and on 
hydrolysis by means of hydrochloric acid yields the hydroxy-ketone 
im. p. 86°). Similar results have been obtained by using nitrosyl 
chloride in place of isoamyl nitrite and sodium methoxide, but 
here again we have been unsuccessful in establishing the conditions 
for a satisfactory preparation. On the two occasions in which the 
mono-oximino-compound was isolated, chloroform was employed 
as solvent, and in one case the temperature was 0°, and in the other 
15°. Upwards of a dozen similar experiments, with ether, ligroin, 
o chloroform as solvent, and at temperatures ranging from —12° to 
+15°, yielded the dioximino-compound unaccompanied by any 
appreciable quantity of the mono-oximino-derivative. 

An isomeric oximino-compound was obtained under the following 
onditions. A solution of the ketone (0-6 g.) in methyl-alcoholic 
sodium methoxide (0-5 c.c. of a solution prepared from 0-12 g. of 
wdium and 4 c.c. of methyl alcohol) was kept at 60—65° while 
isamyl nitrite (0-5 g.) was added very slowly through a capillary 
tube. The sodium salt which separated during this treatment 
(0:15 g., m. p. 200°) was drained from the adhering mother-liquor, 
washed with ether and ligroin, and decomposed in aqueous solution 
by means of carbon dioxide. The 5-oxime monohydrate precipitated 
was crystallised from water and obtained as clusters of colourless 
needles, m. p. 83° (Found: C, 57-7, 57-9; H, 8-7, 8-9. C,H,,0O,N 
requires C, 57-8; H,9-1%). On keeping it in a vacuum at 100° over 
phosphorus pentoxide, the anhydrous 8-oxime is obtained as a white 
powder, m. p. 170—172°, which, on crystallisation from carbon 
tetrachloride—ligroin, gives colourless needles, m. p. 172° (Found : 
N, 8:3. C,H,,0,N requires N, 8-3%), and on crystallisation from 
water passes back into the monohydrate, m. p. 83°. This oxime 
gives a strong red colour with ferric chloride, a blue-green precipitate 
with cupric acetate, and reduces Fehling’s solution. An attempt 
to hydrolyse the compound by boiling with concentrated hydro- 
chloric acid and formaldehyde led to the production of ««88-tetra- 
methylglutaric acid (m. p. 144°; mixed m. p., the same). This may 
be explained on the assumption that a Beckmann change first 
takes place, producing tetramethylglutarimide, which is then 
hydrolysed; the explanation would accord with the supposition 
that the y- and 8-oximes are stereoisomeric, since the y-oxime on 
re-arrangement yields an isomeride of the glutarimide. 

Reduction of the Methyl Derivative of the Hydroxy-ketone—The 
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reduction product, 5-methony-2:2:3: 3-tetramethyleyclopentanone, 
is obtained as a by-product in the preparation of 5-methoxy. 
2:2:3:3-tetramethyl-A*-eyclopenten-4-one by reduction of jt; 
bromo-derivative with zine dust and boiling glacial acetic acig, 
and it can be separated from the accompanying unsaturated keton, 
by fractional distillation. The unsaturated ketone can be reduced 
to the dihydro-derivative by the same method, but it is difficult to 
induce the reaction to proceed to completion, and hence fraction] 
distillation is again necessary. The following method gives satis, 
factory results. The methoxytetramethylcyclopentanone is treated 
with 15 times its weight of 2-5% sodium amalgam in boiling glacial 
acetic acid, and the product is extracted with ether after being 
poured into water. The extract is washed with sodium carbonate 
solution and dried and the residue obtained on evaporation is 
distilled. The saturated methoxy-ketone is a colourless oil, b. p, 
88—90°/10 mm., nj 1-4580; b. p. 90°/11 mm.; b. p. 90—92°/13- 
14 mm., nj)" 1-4574 (three different preparations) (Found: C, 70-2: 
H, 10-4; OMe, 18-0. C,)H,,0, requires C, 70-6; H, 10-69%, 
CyH,;0°OMe requires OMe, 18-2%). The oxime is an oil which 
could not be crystallised, and it was not found possible to prepares 
solid semicarbazone or phenylhydrazone. 

Unlike 5-acetoxy-2:2:3:3-tetramethylcyclopentanone, the 
saturated methoxy-ketone shows little tendency to undergo further 
reduction to a tetramethylcyclopentanone on treatment with zin 
or sodium amalgam in acetic acid solution, although we hay 
observed the characteristic camphor-like odour in some experiments, 

When the methyl derivative of the hydroxy-ketone is reduced 
by boiling with concentrated hydriodic acid, 3:3: 4: 4-tetr 
methylcyclopentanone is formed, which was identified directly 
and through its semicarbazone. Since methyl iodide is also pro. 
duced, we assume that demethylation with the formation of the 
tautomeric hydroxy-ketone constitutes the first stage in the 
reaction, 

Reduction of 5-Methoxy-2 : 2:3 : 3-tetramethyl-A*-cyclopentenone 
Oxime.—The oxime (p. 390) was reduced with 5 times its weight 
of sodium in boiling ethyl alcohol, and after acidification with dilute 
acetic acid and extraction with ether, the free base was liberated 
by addition of alkali and extracted. The product was similar in 
all respects to 2:2:3:3-tetramethylcyclopentylamine and was 
identified by the analysis and ‘properties of the picrate and acetyl 
derivative and by mixed m. p, determinations with authentic 
specimens. 

Reduction of  5-Methoxy-2:2:3:3-tetramethyleyclopentanon 
Oxime,—The oxime (above) prepared from the methoxy-ketone 
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(l:7 g.), hydroxylamine hydrochloride (1-4 g.), and anhydrous 
sodium acetate (1-65 g.) by boiling in alcoholic solution for 2 hours, 
was reduced with sodium (4 g.) in boiling ethyl alcohol. The 
product, 2: 2:3: 3-tetramethylcyclopentylamine, was isolated and 
identified as in the preceding experiment. 

Action of Hydroxylamine on the p-Bromobenzyl Derivative of 
the Hydroxy-ketone—The p-bromobenzyloxy-compound (0-8 g.), 
hydroxylamine hydrochloride (0-4 g.), and anhydrous sodium 
acetate (0-8 g.) were heated for 2 hours in absolute alcohol on the 
seam-bath. The solid precipitated from the filtered solution by 
addition of ice-water was collected, dried, dissolved in ether, and 
treated with hydrogen chloride. The oxime hydrochloride, m. p. 
133° (decomp:) (Found, by estimation of hydrochloric acid in the 
aqueous solution: Cl, 9-3. C,,H,,0,NBr,HCl requires Cl, 9-5%%), 
which rapidly crystallised, was collected, washed with ether, and 
dried in a vacuum (yield, 40—50°%). The ethereal filtrate, on 
evaporation, gave a rapidly solidifying oil consisting of the unaltered 
p-bromobenzyloxy-ketone. The hydrochloride was basified with 
warm aqueous-alcoholic sodium carbonate, and when solution was 
complete the liquid was diluted with water and cooled to 0°. The 
oxime which separated (m. p. 170—172°) crystallised from dilute 
alcohol in colourless needles, m. p. 175° (Found: C, 57-3; H, 6-2; 
N, 4-0, 3-9. C,,H,.O,NBr requires C, 56-5; H, 6-2; N,4:1%). It 
reduces Fehling’s solution. 

Reduction of the Oxime and its Acetyl Derivative-—We were unable 
to obtain satisfactory results on reducing the free oxime either by 
sodium wire and boiling alcohol or by sodium amalgam in boiling 
acetic acid. In each case very small amounts of basic material 
were isolated which gave an impure picrate, m. p. about 202—203°, 
and the reduction appeared to yield mainly non-basic substances 
which have not been identified. 

The oxime (1-6 g.) was therefore converted into its acetyl derivative 
by treatment with pure acetyl chloride (0-5 c.c.) in dry pyridine 
solution. The mixture was heated for a short time to complete 
the reaction, and then poured into water and extracted with ether. 
The extract was washed successively with water, dilute hydro- 
chloric acid, dilute potassium hydroxide solution, and water, dried 
and evaporated. The residual oil solidified on being rubbed with 
groin; the product then crystallised from dilute alcohol as thin 
Prisms, m. p. 84° (yield, 1:3 g.) (Found: C, 56:6; H, 6-1. 
C,,H,.O,NBr requires C, 56-8; H, 58%). This substance on 
reduction with sodium and boiling alcohol yielded a considerable 
amount of a non-basic product, which in the crude state had an 
odour of toluene, and on draining and crystallising from chloroform 
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yielded colourless needles, which melted at 161—162° and decom. 
posed a few degrees higher. This substance seemed pure, but on 
analysis gave figures (C, 69-7, 69-5; H, 5-0, 4:7; N, 6-45, 6-5%) to 
which we can assign no simple formula. It gives no colour with 
ferric chloride, is insoluble in water and dilute acids and alkalis, and 
does not reduce Fehling’s solution. Accompanying it in the crude 
neutral product is an oil which gives a deep crimson colour with 
ferric chloride. Besides these non-basic substances, an oily base 
was isolated, which yielded a picrate, m. p. 213° (decomp.) without 
purification, m. p. 215° (decomp.) after crystallisation from methy| 
alcohol-ether (Found: C, 46-9, 47-0; H, 5:9, 5:8; N, 14-6, 148, 
C,;H,.0,N, requires C, 46-6; H, 5-7; N, 145%). The compound 
thus appears to be the picrate of 2-hydroxy-3 : 3 : 4 : 4-tetramethyl. 
cyclopentylamine. A mixture with the isomeric picrate (p. 400) 
melted at about 195°. 

Reduction of the p-Bromobenzyl Derwwative of the Hydroxy-ketone— 
On treatment with sodium amalgam in glacial acetic acid, under 
conditions in which the corresponding methyl compound is con. 
verted into its dihydro-derivative, no reduction occurs, the original & 
substance being recovered unaltered (m. p. 85°. Found: C, 59:1; 
H, 58%). Onreduction by means of boiling concentrated hydriodie 
acid 3:3:4:4-tetramethyleyclopentanone is formed (identified 
directly and through the semicarbazone), together with p-bromo- 
benzyl iodide. We suppose that dealkylation constitutes the first 
stage of this reaction. 

Examination of the Oily By-product obtained in the Alkylation of 
the Bromohydroxy-compound with p-Bromobenzyl Bromide.—This 


was reduced under the conditions used for the reduction of the Be. 


crystalline bromo-p-bromobenzyl compound (p. 390), and_ the 
product, an oil, was converted into its oxime, also an oil which could 
not be purified. On reduction by means of sodium and _ boiling 
alcohol, this was moderately smoothly converted into 2 :2:3:3: 
tetramethylcyclopentylamine, which was identified in the manner 
already described. 

Action of Oxidising Agents on the Bromohydroxy-compound.— 
(1) Sodiwm chlorate. A solution of the bromohydroxy-compound 
(5 g.), sodium chlorate (13-0 g.), and osmium tetroxide (0:3 g.) 
in 150 c.c. of water containing a small excess of sodium hydroxide 
was kept at 40° in a thermostat for 72 hours; a considerable amount 
of chloride had then been formed. The solution was evaporated 
to a small bulk, cooled, filtered from the excess of sodium chlorate, 
acidified, and repeatedly extracted with ether. The residue, which 
readily solidified, was found to be separable by a prolonged series 
of fractional crystallisations from chloroform-ligroin into the lactoni¢ 
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acid of yy-dihydroxy-««$-tetramethylglutaric acid and the lactonic 
id of y-hydroxy-««$8-tetramethylglutaric acid. A more rapid 
method of proving the presence of these two substances is the 
following. ‘The mixed acids were boiled for 1 hour with excess of 
yetic anhydride and the product was distilled under reduced 
pressure. After the excess of acetic anhydride had passed over, a 
small fraction was obtained, b. p. 150—200°/15 mm., and then the 
main bulk distilled at 220—245°/15 mm. The small fraction 
solidified, and after crystallisation was identified as the lactonic 
aid of the y-hydroxy-y-acetoxy-««$8-tetramethylglutarie acid, 
n.p. 148°, described by Rothstein and Shoppee (/oc. cit.). The main 
fraction, which also solidified, crystallised from benzene-ligroin in 
prisms, m. p. 177—178° (Found: C, 61:0; H, 7:7. C,gH,,0, 
requires C, 61:0; H, 7-4%). The compound is therefore the 
CMe,°CH—CO-0-CO—CH:CMe, 
ilactone anhydride, | >0 O< | . Onhydrolysis 
CMe,°CO CO-CMe, 
ityields the lactonic acid, m. p. 68°, of y-hydroxy-««88-tetramethy]l- 
glutaric acid. 

(2) Potassium permanganate. The bromohydroxy-compound 
22 g.) was treated with potassium permanganate (1-0 g.) in acetone 
olution at 0° in the presence of excess of carbon dioxide. After 
evaporation with water, filtration, and acidification, the acid 
product was extracted with ether and identified as the lactonic 
pcid of aa«-dihydroxy-««88-tetramethylglutaric acid (compare 
Francis and Willson, loc. cit.). 

(3) Potassium ferricyanide. The bromohydroxy-compound (2-0 
g.) was kept at 80° for 96 hours in an aqueous solution containing 
18 g. of potassium ferricyanide and 4 g. of potassium carbonate. 
he product extracted with ether after acidification was the same 


(4) Chromium trioxide. Experiments were carried out with 
juantities of chromium trioxide corresponding with 1, 3, and 6 
ptoms of available oxygen, in glacial acetic acid solution. In each 
‘ase, tetramethylsuccinic acid was obtained and no earlier product 
f oxidation could be recognised. The acid was isolated by distill- 
tion in steam, during which it probably passed over as its anhydride, 
vhich became rehydrated in the receiver. It was extracted from 
he distillate with ether, and crystallised from chloroform-ligroin 
‘ontaining only a very little alcohol (m. p. 190°). 

(5) Hydrogen peroxide. The bromohydroxy-compound (2-4 g.) 
vas dissolved in acetone and oxidised at the ordinary temperature 

% aqueous hydrogen peroxide containing a little 
potassium carbonate. Acidification and extraction with ether 
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yielded only the lactonic acid of the ««-dihydroxytetramethylglutari; 
acid. 

Action of Oxidising Agents on the Bromomethoxy-compound.—|]) 
Ozone. The methoxy-derivative (4-0 g.) was treated in chlorofor 
solution with a stream of ozonised oxygen for 72 hours. Bromine 
was evolved, which the excess of oxygen carried over into a trap 
containing cooled chloroform, in which the bromine dissolved and 
was identified. The oily ozonides obtained after evaporation of 
the solvent in a vacuum were decomposed by shaking in ethereal 
solution (100 c.c.) with acetic acid (10 c.c.) and zinc dust (5 g.). The 
diluted and filtered solution was extracted with ether, and separated 
into neutral and acid fractions by means of aqueous sodium carbonate, 
The neutral portion on distillation yielded a fraction (1-5 g.), b. p, 
155—165°/13 mm., which was shown by analysis and hydrolysis 
to consist essentially of the lactone of methyl hydrogen yy-dihydrony. 
ax80-tetramethylglutaric acid (Found: C, 56:3; H, 7-3. CyoH;,0, 
requires C, 55-6; H, 7-5°%), although it was probably impure, since 
we could not crystallise it. A fraction, b. p. 165—210°/13 mm, 
was also obtained, but its nature was not ascertained. The acid 
fraction yielded a small quantity of an oil which after some days 
partly solidified. The crystalline portion was identified by direct 
comparison and a mixed m. p. determination with the substanc 
(m. p. 103°) described by Rothstein and Shoppee (loc. cit.) a 
dimethyl y-keto-««88-tetramethylglutarate (Found: C, 57:3; H, 
8-1. Cale.: C, 57-4; H, 79%). It is probably identical with the 
product, m. p. 93—97°, obtained by Francis and Willson (loc. cit, 
by the action of diazomethane on the lactonic acid of yy-dihydroxy- 
a«88-tetramethylglutaric acid. Its formation in the reaction 
now described is very remarkable and suggests the implication of 
two molecules of the bromomethoxy-compound. Its appearance 
in the acid fraction may be explained by the supposition that its 
constitution is really that of the lactone of methyl hydrogen 
y-hydroxy-y-methoxy-««88-tetramethylglutarate, which would le 
soluble in alkali with ring fission, and, assuming its identity with 
Francis and Willson’s methylation product, this structure corte- 
sponds with their method of preparation. It is readily soluble in 
cold 10°% potassium hydroxide solution. 

(2) Potassium permanganate. A solution of the bromomethoxy- 
compound (1-0 g.) in aqueous acetone containing sodium hydrogen 
carbonate was oxidised with potassium permanganate (0:38 ¢. 
= 1 atom of available oxygen), which was added gradually with 
stirring. The product, when worked up for organic acids in the 
usual way, yielded the lactonic acid of the dihydroxytetramethy!- 
glutaric acid. 
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lutaric§ Ozonolysis of the Bromo-p-benzyloxy-compound.—A solution of 

this substance (6-0 g.) in glacial acetic acid was treated with ozonised 
1.—(]) oxygen for several days. Bromine was liberated, and that carried 
oform over by the oxygen was caught in cooled chloroform and identified. 
‘omine| The ozonides were decomposed by boiling with water, and the 
a trap products were separated into a neutral and an acid fraction by 
d andi means of ether and sodium carbonate. The neutral product was a 
ion of | yellow oil which, on treatment with semicarbazide acetate in aqueous 
hereal alcohol, gave an immediate precipitate of p-bromobenzaldehyde- 

The i semicarbazone, which separated from alcohol in pearly plates, m. p. 
arated 282° (Found: C, 39-4; H, 3-3. C,H,ON,Br requires C, 39-7; H, 
onate,4 33%). The aqueous-alcoholic filtrate on dilution with water gave 
, b. pgesmall precipitate consisting of the unchanged bromo-p-benzyloxy- 
rolysisgg compound. The acid product contained two substances differing 
in solubility in water. The sparingly soluble compound was 
identified as p-bromobenzoic acid (leaflets from alcohol, m. p. 250°). 
A small amount of the same substance was collected from the 
chloroform solution of the ozonides. The soluble acid was obtained 
asan oil which became largely solid. The drained solid on crystallis- 
ation from chloroform-ligroin had m. p. 180—185° (decomp.), and 
was identified as tetramethylsuccinic acid by direct comparison with 
aspecimen of this substance. 

Action of Oxidising Agents on the Bromoacetoxy-compound.— 
(1) Ozone. The bromoacetoxy-compound (3-0 g.) was treated with 
ozonised oxygen in glacial acetic acid solution until no further 
>. cit. absorption of ozone occurred. A yellow colour, which was not due 
roxy-§to the liberation of bromine, was produced and disappeared on 
ction reduction of the ozonides with zinc dust after addition of ether. 
ion off n another experiment the bromoacetoxy-compound was treated 
rance™ With ozone in chloroform solution, and here also no liberation of 
at itsf bromine took place. In this case, the ozonides were decomposed by 
rogeng oiling with water. Both experiments yielded tetramethyl- 
Id beMsuccinic acid (m. p. 190°. Found: C, 55:1; H, 8-4. Cale.: 
with’, 55-1; H, 8-1%), and an acid gum the nature of which was not 
corre- § Uetermined. 
ble inf (2) Potassium permanganate. This experiment was carried out 
in the same way as the corresponding experiment with the bromo- 
hoxy: methoxy-compound. It yielded the same lactonic acid, which was 
rogen f°btained by crystallising the crude acid product from ethyl acetate— 
8 g., ligroin. 
with, Oxidation of the Hydroxy-ketone—Oxidation was effected by 
n the§f¢xcess of 6% hydrogen peroxide in the presence of sodium carbonate 
thyl-§@t the ordinary temperature. The solution was extracted with 

ether, acidified, and again extracted. The residue from the second 
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extraction yielded ««$$-tetramethylglutaric acid, which was 
crystallised from ethyl acetate-ligroin (leaflets, m. p. 144°. Found: 
M,190; C, 57-2; H, 8-4. Cale.: M, 188; C, 57-4; H, 8-5%), 

Oxidation of 2:2:3:3-Tetramethylcyclopentanone.—Oxidation 
is not easily effected by means of cold neutral potassium perman. 
ganate in acetone, although ««$-tetramethylglutaric acid can he 
obtained in this way in small yield. More satisfactory results were 
obtained by boiling the ketone under reflux with nitric acid (d 1-20) 
until oxides of nitrogen ceased to be evolved, the ketone which 
collected in the condenser being returned to the liquid from time to 
time. The nitric acid solution was extracted with a large volume 
of ether, and the extract was washed six times with small amounts 
of water, dried, and evaporated. The solid residue, after being 
washed with benzene and crystallised from ethyl acetate—ligroin, 
was identified as ««8$-tetramethylglutaric acid (m. p. 144°) by 
direct comparison and mixed m. p. determination. A further 
small quantity was obtained by evaporation of the aqueous 
washings. 

Bromination of the Hydroxy-ketone—(1) In chloroform. The 
hydroxy-ketone readily absorbs 2 atoms of bromine in cold chloro. 
form, but an excess over this quantity is not decolorised. On 
removing the chloroform, hydrogen bromide and excess of bromine, 
the bromohydroxy-compound is obtained in an almost pure state 
(m. p. 115—116°; after purification, m. p. 116°). 

(2) In glacial acetic acid. In this solvent 4 atoms of bromine are 
rapidly absorbed and the product is the orange dibromo-diketone 
(m. p. 182°) described by Francis and Willson. 

Dichlorophorone (1:4-Dichloro-2:2:3: 3 - tetramethyl -[0,1,2]- 
dicyclopentanone).—Phorone tetrachloride (m. p. 59°) and dichloro- 
phorone (b. p. 115—117°/18 mm., nif 1-5074, di* 1-1661; compare 
Hellthaler, Annalen, 1919, 406, 150) were obtained by methods 
similar to those used for the preparation of the bromine analogues. 

1-Chloro-2 : 2 : 3 : 3-tetramethyl-[0,1,2]-dicyclopentan - 4 - ol-5-one 
(1-Chloro-2 : 2 : 3 : 3-tetramethyl- A5-cyclopenten - 5 - ol - 4 - one).—This 
was prepared by hydrolysis of dichlorophorone, following Francis 
and Willson’s method for the corresponding bromine derivatives, 
and crystallised from dilute alcohol, from which it separated in well- 
formed, colourless needles, m. p. 116° (Found: C, 57-2; H, 6%. 
C,H,,0,Cl requires C, 57-2; H, 6-9%). 

The acetyl derivative, prepared in the same way as its. bromo 
analogue, separates from dilute alcohol in prisms, m. p. 47° (Found: 
C, 57:3; H, 6-5. C,,H,,0,Cl requires C, 57-2; H, 6-5%). 

1 : 1-Dichloro-2 : 2 : 3 : 3-tetramethylcyclopentanedione.—This sub- 
stance was prepared from the chlorohydroxy-compound by treat- 
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ment with excess of chlorine in cold glacial acetic acid solution. 
jt separates from alcohol in orange, foliated masses, m. p. 187° 
(Found : C, 48-6; H, 5-5. C,H,,0,Cl, requires C, 48-4; H, 5-4%). 

On boiling in aqueous-alcoholic solution with addition of carbamide 
to destroy the hypochlorous acid, the chlorohydroxy-compound is 
formed. 

1-Chloro-1-bromo-2 : 2 : 3 : 3-tetramethylcyclopentanedione was pre- 
pared by the action of bromine in acetic acid solution on the chloro- 
hydroxy-compound, and crystallised from alcohol in orange, foliated 
masses, m. p. 178° (Found: C, 40-9; H, 4-8. C,H,,0,CIBr requires 
(40-4; H,45%). The same substance is formed when the bromo- 
hydroxy-compound is treated with chlorine in acetic acid, but in this 
case an unidentified colourless by-product, m. p. 197°, is also formed 
in small amount. 

Reduction with boiling aqueous-alcoholic carbamide yields the 
chlorohydroxy-compound exclusively. Since the bromo- and 
chlorohydroxy-compounds melt at the same temperature and give 
somewhat small m. p. depressions in admixture, the reduction 
product was converted into its acetyl derivative (bromo-, m. p. 74°; 
chloro-, m. p. 47°) which was crystallised in fractions from dilute 
alcohol, in which the bromoacetoxy-compound is less soluble than 
its chloro-analogue ; all the fractions had m. p. 47°. 

1: 1-Dibromo-2 : 2 : 3 : 3-tetramethylcyclopentanedione.—This sub- 
stance (herring-bone-like clusters of orange rhomboids, m. p. 182°. 
Found: C, 34-6; H,3-9. Cale.: C, 34:7; H, 3-8%), which Francis 
and Willson found to be reduced incompletely by boiling with water 
or alcohol, is, like its analogues, quantitatively converted into 
the halogenohydroxy-compound by boiling with aqueous-alcoholic 
carbamide. 


This paper is published mainly in order to place on record the 
observations which have accumulated during the four years in 
which the work has been in progress; but it is realised that, in 
constitutional problems of this character, conclusions must neces- 
sarily be regarded as provisional, and accordingly further experiments 
on a-ketols and dialkylideneketones are in progress, which may 
help to resolve some of the issues raised. We would mention that 
the method of correlating the tautomeric substances, through their 
oximes or derivatives of their oximes, with the saturated cyclic 
amines, which has yielded illuminating results, was originally 
suggested to us by Mr. W. A. Wightman, and that on many occasions 
Dr. F. R. Goss has placed his time and great skill in micro-analytical 
technique at our service. Generous assistance in defraying the 
heavy cost of the investigation has been given by the Royal Society 
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and the Commissioners of the 1851 Exhibition, to whom our thanks 
are due. At one stage the continuity of the work was maintained 
by means of a valuable gift of the bromohydroxy-compound from 
Professor Francis. 


THE UNIVERSITY, LEEDS. [Received, December 17th, 1927,] 


LV.—The Parachor and Chemical Constitution. Pay 
VIII. Ring-chain Valency Tautomerism in 
Phorone Derivatives. 

By SAMUEL SUGDEN. 


Durinc the course of the investigation described in the preceding 
paper, Professor Ingold and Dr. Shoppee were good enough to allow 
the author to determine the parachor of a number of the substances 
which exhibit this peculiar type of tautomeric change. The present 
paper records the data obtained for the surface tension and density 
of these substances together with a brief discussion of the effect of 
the changes in structure upon the parachor. 

The large amount of chemical evidence accumulated by Ingold 
and Shoppee indicates that substitution in the a«’-positions in 
phorone produces, to a greater or less degree, a change in structure 
from the open-chain configuration (I) to the dicyclic structure (II). 

~~ _-CX—CMe, —— a X—OCMe, 
herein i. Oe ete “a 
This should bring about a considerable diminution in the parachor, 
since two non-polar double bonds with a parachor of 2 x 23-2, are 
replaced by ring structures which have smaller parachors. The 
constants for the rings concerned have been determined by Sugden 
and Wilkins (J., 1927, 139) and have the values: 3-ring 16-7, 4-ring 
11-6, 5-ring 8-5. 

The parachors found for the phorone derivatives are collected in 
Table I in the column headed “ [P] obs.” The next column gives 
the parachor calculated on the assumption that the substance is 
a derivative of phorone and contains two double bonds. It will be 
seen that, whereas phorone has a nearly normal parachor, the di- 
bromo-derivative has a large negative anomaly which becomes stil 
larger in the oxy- and bromo-oxy-derivatives. The general trend 
of the parachors is therefore in good agreement with the conclusions 
as to structure reached by Ingold and Shoppee, since the dibromo- 
compound exhibits the reactions of both open-chain and cyclic struc 
tures, and the oxy- and bromo-oxy-derivatives behave chemically 
as if they consisted entirely of the isomeride of formula (II). 
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TABLE I. 
Substance. [P] obs. [P] calc. Anomaly. 
MEMUNIND “avesmcvavctsdsect dnctetecsnsetebese 367-9 372-2 — 43 
NeIOPODROPQTED | (50055 0550555450 <thpreaes 427-7 446-6 —18-9 
PibromOPhorone’ .........eceeseceeeeeeee 463-2 474-0 —10-°8 
RIK Y DMOEOENE. nccckcsnoscecsnensvesss 459-4 476-0 — 16-6 
Bromoacetoxyphorone _ .............+. 506-4 526-9 — 20-5 
Bromomethoxyphorone ............... 455-3 482-1 —26-8 
Benzoyloxyphorone ............seeseeees 583-9 609-9 — 26-0 
Bromobenzoyloxyphorone ............ §42-4 660-8 — 18-4 
Bromobenzyloxyphorone .......,.... 630:7 655-0 — 24-3 
Bromo-p-bromobenzyloxyphorone 684-0 705-9 —21-9 
Distyry] KetQne .0.cccccocsscccccccsees 564-5 562-0 + 2:5 
Dibromodistyryl ketone ............... 650-7 663:°8 —13-1 


The largest anomaly found occurs with bromomethoxyphorone 
(-26-8), and nearly the same value is reached by benzoyloxy- 
and p-bromobenzyloxy-phorone. The last two substances were 
aystallised to constant melting point, and hence there is little doubt 
as to their purity. Three specimens of the bromomethoxy-deriv- 
ative, prepared by different methods, were examined, and all had 
the same surface tensions and densities; hence it is very improbable 
that this liquid product contained any appreciable amount of 
impurity. The mean anomaly for these three substances (—25-7) 
may therefore be taken to represent the effect of complete conversion 
into the bicyclic form, from which it follows that the structural 
constant for the fused-ring structure in (II) has the value 46-4 
—25-:7 = 20-7. 

There is at present little information as to the relation between 
the constant for fused-ring structures and those for the isolated 
tings of which they may be supposed to be composed. The cyclo- 
propene esters examined by Sugden and Wilkins (loc. cit.) gave a 
constant approximately equal to the sum of the double-bond and 
3ring constants, whilst benzene and many of its derivatives give 
parachors which can be predicted accurately by using a structural 
constant equal to the 6-ring constant + three double bonds. It 
seems probable, therefore, that the fused-ring structure in (II) may 
be regarded as composed of a five-membered ring upon which is 
superimposed the effect of a three-membered ring giving a constant 
of 16-7 + 8-5 = 25-2. This is nearly 5 units higher than the value 
found for the fully cyclised phorone derivatives, but the difference is 
probably due to the effect of the two gem-dimethyl groups which are 
known to stabilise ring structures and diminish unsaturation. In the 
series of cyclopropane esters studied by Sugden and Wilkins (Joc. 
cit.), the presence of gem-carbethoxyl groups produced a marked 
lowering of the constant for a three-membered ring which, with 
two such groupings in the molecule, fell to 12-9. In this connexion, 
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it is worthy of note that phorone shows a small negative anomaly 
although there is no chemical evidence for the presence of the cyclic 
isomeride, whilst distyryl ketone, in which the gem‘dimethyl groups 
are replaced by phenyl, has a parachor slightly higher than the 
calculated value. The dibromo-derivative of this ketone shows, 
however, a marked negative anomaly, indicating partial conversion 
to the bicyclic form. 

Acetoxyphorone is found by Ingold and Shoppee to behave as if 
it were a cyclopentene derivative; this would correspond to an 
anomaly of —14-7 which is in good agreement with the value 
found, viz., —16-6, when allowance is made for the effect of the 


gem-dimethy] groups. dete 
In general, therefore, the parachors of these substances exhibit Ds: 
changes which confirm the structural conclusions reached by 
Ingold and Shoppee. Incidentally it may be noted that they supply ; os 
a further example of the relation between parachor constants and 2... 
unsaturation which has been discussed in earlier papers of this '*™* 
series. ae. 
It is noteworthy that the parachors of substances such as dibromo. § Dens 
phorone which are presumably equilibrium mixtures of isomerides § D? - 
show no appreciable change with temperature. The composition of § ; .... 
the equilibrium mixture must therefore remain nearly constant, from = 
which it follows that the heat evolved or absorbed by the change from p,,,... 
the open chain to the bicyclic structure must be small. If this is ] 
correct the isomerides are substances which differ in reactivity — 
(unsaturation) but have nearly the same energy content. a 
— 
EXPERIMENTAL. Bove 
The determination of the parachor involves the measurement of J Paracl 
the surface tension and density at a series of temperatures; the# , p 
parachor is then calculated by the formula [P] = My'(D—4), 95 » 
where M is the molecular weight, y the surface tension in dynes/cm.,§ py" - 
and D and d the density of the liquid and vapour respectively, 
g./c.c. For the substances described below, d is very small at they ...... 
temperature of observation and has been neglected. Ponncis 
Densities were determined with a U-shaped pyknometer, an 
surface tensions by the method of maximum bubble pressure Ano 
(Sugden, J., 1922, 121, 858; 1924, 125, 27). To save space the - a 
observed pressures are not recorded but only the surface tensions oF = 
deduced therefrom. hes 
Phorone, CjH,,0, M = 138-2, m. p. 28°. Densities determined: ' ....... 
D* = 0-880, D%” = 0-864, D%®" = 0-848, D%” = 0-830, whence D; hae 


= 0-906 — 0-00084¢. 
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51-5° 71° 99° 
27-94 25:77 22-88 
0-863 0-846 0-823 
368-3 368-2 367-3 Mean = 367-9 
ax'-Dichlorophorone, CyH,,OCl,, M = 207-1, b. p. 119—121°/17 
mm. Densities determined: D}* = 1-173, DX = 1-136, D® = 
1:107, whence D{. = 1-191 — 0-00095¢. 
41° 59° 
32°31 30°15 
1-152 1-135 
427-0 428-7 427-6 427°3 Mean = 427-7 
xx’-Dibromophorone, C,H ,,0Br,, M = 296-0, m. p. 32°. Densities 
determined : = 1-556, D®* = 1-534, D?° — 1-505, whence 
Df. = 1-598 — 0-00126¢. 


463-1 3°2 Mean = 463-2 


a-Acetoxyphorone, C,,H,,03, M = 196-2, b. p. 109°/3 mm. 
Densities determined: D)* = 1-024, D® = 1-004, D®* — 0-986, 
DiS = 0-969, whence D{. = 1-038 — 0-00088¢. 

43-5° 61-5° 84° 
30-12 28-29 26-08 
: 1-000 0-984 0-964 
458-3 459-6 459-8 459-9 Mean = 459-4 
x-Bromo-«'-acetoxyphorone, C,,H,;0,Br, M = 275-1, m. p. 74°. 
Densities determined: D = 1-256, Di!” = 1-234, Di®* —1-210, 
whence Di. = 1-348 — 0-00103¢. 
101° 120° 142-5° 
25-84 23-80 
1-244 1-201 
506-7 506-0 Mean = 506-4 

«-Bromo-a'-methoxyphorone, C,)H,;BrO,, M = 247-1, b. p. 133°/ 
2 mm. Densities determined: D®* = 1-314, D# = 1-294, 
D?* = 1-274, D#* = 1-253, whence Di: = 1-339 — 0-00107¢. 

46° 67-5° 
32-02 29-87 
1-290 1-267 “3 
455-6 455-9 55-8 Mean = 455-5 


Another specimen prepared from the silver salt and measured 
with a different pyknometer and bubbler gave the following results : 
DF = 1-327, D#* = 1-298, D%’ = 1-282, Dz* = 1-263, whence 
Ds. = 1-339 — 0-00104t. 


38° 67° 
32-86 29-81 
1-299 1-269 
455-4 455-0 
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A third specimen gave the following values for the parachor 
11-5°, 454-3; 32°, 455-3; 48°, 454-7; 61-5°, 455-9; 74-5°, 455-8. 
mean 455-2. It is very improbable, therefore, that this substance 
contains an appreciable amount of impurities, since modifications 
in the method of preparation and isolation gave a product with 
constant physical properties. 

a-Bromo-«'-benzoyloxyphorone, C,,H,,0,Br, M = 337-2, m. 
92°. Densities determined: D{f = 1-264, D?” = 1-248, Dm” 

-231, Di*” = 1-216, whence Di = 1-344 — 0-00086¢. 
136° 162° 
29-66 27-35 
1-224 1-201 
642-6 642-8 642-1 Mean = 642-4 


a-Bromo-«'-p-bromobenzyloxyphorone, C,g,H,,0,Br,, M = 402-1, 
m. p. 63—64°. Densities determined : rf = 1-437, De*= 
1-418, DY = 1-397, Di" =—1-377, whence Dj = 1-510 
— 0-00099t. 


91° 110° 131° 
33°93 32-69 30-63 
1-420 1-401 1-380 
683°3 684-1 685-3 Mean = 684-0 


a-Benzoyloxyphorone, C,,.H,,03, M = 258-2, m. p. 68°. Densities 
determined: D??* = 1-056, Di? = 1-043, DiP* = 1-026, Di* 
= 1-010, whence D%. = 1-117 — 0-000808. 


93° 117° 131-5° 
28-81 27-76 
1-023 1-012 
584-4 585-5 Mean = 583-9 


a-p-Bromobenzyloxyphorone, C,g.H,,0,Br, M = 323-2, m. p. 
86—87°. Densities determined: D*!* = 1-220, Di!"" = 1-119, 
Dis — 1-186, Di" = 1-168, whence Di = 1-302 — 0-00087t. 


LO1° 115° 128-5° 146° 154:5° 
31-26 29-99 29-18 27°86 27°14 
1-214 1-202 1-190 1-175 1-168 
629-5 629-2 631-4 631-8 631-6 
Mean = 630-7 


Distyrylketone, (CHPh:CH),CO,C,,H,,0, M = 234-2, m. p. 112°. 
Densities determined: D1!" = 1-033, Di” = 1-017, Di?" = 0-996, 
whence Di. = 1-118 — 0-00072¢. 

130° 144-5° 164° 
37°14 35-72 33°78 


1-024 1-014 1-000 3 
564-2 564°8 564-6 564-6 Mean = 5645 
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xa'-Dibromodistyrylketone, C,,H,,OBr,, M = 392-1, m. p. 98°. 
This substance decomposed rapidly a few degrees above its m. p. 
but showed no appreciable change after 1 hour at 100°. Found: 
yat 100° = 40-07, Di = 1-516, whence the parachor = 650-7. 


BrKBECK COLLEGE (UNIVERSITY oF LONDON), 
Fetter LANE, E.C. 4. [Received, December 17th, 1927.] 


LVI.—The Union of Benzoylacetonitrile with Organic 
Bases in the Presence of Salicylaldehyde. Part II. 


By PANCHAPAKESA KRISHNAMURTI. 


(oORRESPONDING to the compound formed when benzoylacetonitrile 
reacts with piperidine in the presence of salicylaldehyde as catalyst 
(J., 1927, 1349), compounds have now been obtained from aniline, 
p-toluidine, and m-4-xylidine. In all these cases, the addition 
of piperidine in small amounts almost doubled the yields, in 
accordance with the view that the first stage of this type of reaction 
is the formation of a salicylidene derivative under the influence of 
this base (Krishnamurti and Dey, /oc. cit.). 

o- and m-Toluidines did not react with benzoylacetonitrile under 
the conditions mentioned above. A similar behaviour has been 
noticed in the addition of bases to nitrostyrene (Worrall, J. Amer. 
Chem. Soc., 1927, 49, 1598): Aniline and p-toluidine reacted in the 
normal way to give the derivatives, whereas o- and m-toluidines 
failed to react, and the author came to the conclusion that a sub- 
stituent in the ortho- and even in the meta-position to the amino- 

| group hinders the mobility of its hydrogen atoms. If this is so, the 
reactivity of m-4-xylidine towards benzoylacetonitrile can only be 
explained by assuming that the steric effects of one substituent are 
modified by the presence of other groups in more favourable 
positions. 

In most respects, the compounds of benzoylacetonitrile with 
aniline and with p-toluidine were similar to that with piperidine, 
but they differed from it in that (a) they easily gave dibenzoyl 
derivatives and (b) the isonitroso-compounds did not yield acyl 
derivatives, benzoylation in the usual way producing the benzoyl 
derivatives of the primary amines. 


EXPERIMENTAL. 


The p-Toluidine Compound.—A solution of benzoylacetonitrile 
(l mol.) and p-toluidine (1 mol.) in absolute alcohol containing 
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salicylaldehyde (2—3 drops) and piperidine (1—2 drops) was heated 
on the water-bath for 8 hours, alcohol being added from time to 
time to replace that lost by evaporation. The reddish-brow, 
solution was then diluted with much water and acidified with 
hydrochloric acid, and after 12 hours the clear solution was decanted 
and treated with an excess of alkali. The compound thus pre. 
cipitated crystallised from alcohol in pale yellow, rhombic prisms 
(yield, about 50%), m. p. 182° (Found: C, 76-3; H, 6-4; N, 11:3, 
C,,H,,ON, requires C, 76-2; H, 6-35; N, 11-1%). 

The hydrochloride crystallised from hot dilute hydrochloric acid jn 
colourless needles, m. p. 194—195° (Found: Cl, 12-2. C,,H,,ON,,HCI 
requires Cl, 12-3%). The dibenzoyl derivative formed pale yellow, 
glistening needles, m. p. 166°, from alcohol (Found: C, 78-0; 
H, 5:1; N, 6-0. CypH,,O,N, requires C, 78-3; H, 5-2; N, 6-1%). 

The isonitroso-derivative. A solution of the base in hot dilute 
hydrochloric acid was cooled rapidly and a dilute solution of the 
requisite quantity of sodium nitrite was added, followed after a few 
minutes by an excess of dilute sodium hydroxide solution. After 
filtration, the light brown solution was acidified with dilute acetic 
acid; the isonitroso-derivative thus precipitated crystallised from 
alcohol in bright orange plates, m. p. 158°, to a reddish-brown 
liquid (Found: C, 68-5; H, 5-4; N, 15:1. C,,H,,O,N, requires 
C, 68:3; H, 5-3; N, 14-95%). 

Its silver salt was obtained as a light pink, curdy precipitate 
(Found: Ag, 28-0. C,,H,,0,N,Ag requires Ag, 27-8%). 

The Aniline Compound.—The conditions of experiment were 
practically the same as those described for preparing the p-toluidine 
compound. The yield was somewhat lower (about 40%). The 
substance crystallised from alcohol in light yellow prisms, m. p. 
163° (Found: N, 11-7. C,;H,,ON, requires N, 11-8%). 

The hydrochloride crystallised from dilute hydrochloric acid in 
glistening plates, m. p. 94—96°. The dibenzoyl derivative was 
obtained from alcohol in pale yellow needles, m. p. 168° (Found: 
N, 6:2. Cy. gH,.0,N, requires N, 6-3%). The isonitroso-derivative 
crystallised from alcohol in blood-red plates, m. p. 182° (decomp) 
(Found: N, 15-75. C,;H,,0,N, requires N, 15-7%). 

The m-4-xylidine compound was obtained under the same con- 
ditions as the p-toluidine compound, the heating, however, being 
continued for 16 hours (yield, about 20%). It crystallised from 
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In conclusion, I wish to thank Professor C. V. Raman, F.R.S., 
for kindly permitting me to carry out this investigation in his 
laboratory. 


INDIAN ASSOCIATION FOR THE CULTIVATION 
oF SCIENCE, 210, BowBazaR STREET, 
CatouTTa, INDIA. [Recived, September 5th, 1927.] 


LVII.—The Nature of the Alternating Effect in 
Carbon Chains. Part XXIII. Anomalous 
Orientation by Halogens, and its Bearing on the 
Problem of the Ortho—Para Ratio, in Aromatic 
Substitution. 


By CHRISTOPHER KELK INGOLD and CHARLES CyRiIL NorReEy Vass. 


Tue theory that the op-directive efficiencies of the halogens in the 
halogenobenzenes varies directly with the tendency of the halogen 
atom to share additional electrons (+ 7') and inversely as its 
attraction for electrons, shared and unshared (— J), and therefore 
(+ 7 — I) corresponds to the sequence I>Br>Cl>F, is in accord 
with much indirect evidence. For example, the relative speeds of 
nitration of halogenobenzenes indicate I>Br>Cl>F (Ingold and 
Shaw, J., 1927, 2918), the relative basicities of combined halogens 
demand I>Br, the data on molecular dipole moments suggest 
I>Br>Cl, and the substitution of -halogenated toluenes requires 
(l>F, for the phenomenon under discussion. The same sequence 
is also in agreement with the available data on the nitration of 
o- and p-dihalogenobenzenes with the following significant * 
exception. Holleman (Rec. trav. chim., 1915, 34, 216) found that 
whereas the nitration of p-chlorobromobenzene proceeded normally, 


Direction by Cl : Direction by Br = 45:2% :54:8% . . (para) 
the nitration of o-chlorobromobenzene gave an abnormal result : 

Direction by Cl : Direction by Br'= 55°5% :45:5%  . (ortho) 

The present paper is the result of an attempt to test a possible 


| explanation of this anomaly on the following lines. The inductive 


eflect (— J), which, according to the sequence, should be greater 
for Cl than for Br, is regarded as originating in a contracted electron 
shell around the halogen atom, as compared with a hypothetical 

* The apparent exception represented by van Hove’s recent experiments 
(Bull. Acad. roy. Belg., 1926, 12, 801) is not regarded as significant for our 
purpose in view of the special experimental conditions employed. The point 
will be dealt with more fully in a future paper. 


418 INGOLD AND VASS: THE NATURE OF THE 


non-orienting atom having the same number of electrons of each 
class. This should not only produce electron displacements relayed 
from bond to bond, but might also, by direct action through ‘space, 
modify existing electrical fields in such a way that the potentially 
active electrons of the benzene ring would be subjected to an 
additional electrostatic restraint. The “ direct ” effect of halogens 
is therefore a deactivating influence (— D). Since its genesis is also 
that of the inductive effect (— J), its variation as between different 
directing atoms will be the same as that of the inductive effect, 
Because, however, it is propagated, not through the bonds, but 
through space, its distribution in the ring will be, not in the order 
op>m, but in the order o>m>p. The full expression for the 
directive action of halogens in halogenobenzenes is therefore 
+ 7—I-—D. The modes of distribution in the ring of 7 and of 
I were dealt with by Ingold and Shaw (loc. cit.). 


1 


cl 
(ay Ai Rg Ce (B) 
. 3\ / Br 2 < 
4 Br 


Let X and X’ represent the intensities of the direct effects due to 
Cl and Br respectively, so that X>X’; and let f, f’ and f’ be 
factors (assumed to be substantially the same for C] and Br) express. 
ing the distribution of the effect as between the o-,m-, and p-positions 
respectively, so that f>f’>f’’. In o-chlorobromobenzene the direct 
_ effects (— D) at positions 1, 2, 3, and 4 (A) will be as follows : 

(1) =fX+fX', (2) =fX + fx’, 
(3) = f°X + f'X’, (4) = f'X + fx’. 

From the inequalities mentioned it follows, first, that (I) 
+ (4)>(2) + (3) because every term in fX +/f’X + fX'+f1 
is greater than the corresponding term in f’X + f’X + f'X'+ 
f’X’. That is, in so far as the direct effect controls the 
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situation, substitution will occur mainly at (2) and (3). Secondly, 


since (2) — (3) = (f’ — f’’)(X —+X’) = positive, therefore (2)>(3). 
Hence the direct effect will deactivate position (2) more strongly, 
and will favour substitution at position (3). Similarly, (1)>(4); 
so that if the molecule be divided symmetrically between the 
halogens by a line ab, the half containing Cl will be deactivated 
relatively to the half containing Br. In p-chlorobromobenzene (8) 
we have 


(1) = fX + f'X’ and (2) = f'X + fX’, 


so that (1)>(2), and here again the rule relating to symmetrical § 
division applies. That is to say, in the para-compound the direc 
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effect will collaborate with the tautomeric and inductive effects in 
favouring substitution in position (2), and an anomalous result 
isnot to be expected; but in the ortho-compound the direct effect 
opposes the other influences, and this might explain the apparent 
reversal of directive efficiencies observed by Holleman. It is 
also obvious that the above considerations accord with the small 
amounts of vicinal substitution observed (Reiding, Rec. trav. chim., 
1904, 23, 359; Holleman, Reiding, Sirks, and Sluiter, ibid., 1906, 
25,183; 1907, 26, 153) in the nitration of o-dichloro- and o-dibromo- 
benzene (see also Holmes, Ingold, Ingold, and Smith, J., 1926, 1684, 
3093; 1927, 1690) : 


7-2%, 


92:8%/ Cl 
Cl 


and that they afford a partial explanation of such facts as 
the diminishing o-nitration towards fluorobenzene in the series of 
halogenobenzenes : 

PhF. PhCl. PhBr. PhI. 


30:1 37-6 41-1 
69-9 62-1 58-7 


(Holleman, Holleman, and de Bruyn, Rec. trav. chim., 1900, 19, 189, 
364; 1903, 22, 263; 1905, 24, 140; 1913, 32, 134), and the dis- 
placement from o-substitution in the direction of p-substitution 
which occurs on increasing the acidity of the medium employed in 
the nitration of acetanilide (direct effect of weak dipole arising 
from loose salt-formation). Again the conception of an influence 
“distributed over the molecule ” by which Allan, Oxford, Robinson, 
and Smith (J., 1926, 406) explained the diminishing disparity in the 
directive powers of the groups in an ascending series of the higher 
alkyl ethers of guaiacol may be translated into the following: The 
sign of the inductive effect of alkyl groups (-++ J), established by 


_ Glucas and his collaborators (J. Amer. Chem. Soc., 1924, 46, 2475; 


1925, 47, 1459, 1462) and subsequently confirmed by many orient- 


; tion experiments, suggests that electrons in the neighbourhood of 


an alkyl group would suffer repulsion (diminished attraction) by 
electrostatic action through space; in the high alkyl ethers of 
guaiacol the field at the two oxygen atoms * due to the direct effect 


* Since in orientation by -OR the tautomeric effect overwhelmingly pre- 
lominates, it is unnecessary to consider the direct effects at the distant points 
bf reaction in the benzene ring. Furthermore, there is no necessity for the 
ipposition that the effect considered is distributed equally between the two 
xygen atoms, or between the nuclear positions they respectively activate. 
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of the larger alky] group will increase the displacements of the 
unshared electrons of both oxygen atoms towards the benzene ring 
The effects observed are precisely those to be expected, and ap 
intelligible * mechanism is thus provided. 

Definite prediction in regard to the direct effect is possible i 
simple cases, (a) because this effect, representing a permanent 
molecular condition, will follow the inductive, and not the tautp. 
meric, effect in sign and magnitude, so far as concerns its origination 
(compare Ingold and Shaw, loc. cit.); and (6) because, once origin. 
ated, its distribution is a matter of molecular geometry. When 
considering cases in which the operation of the direct effect might be 
expected to give rise to notable anomalies, we selected a fluorine 
compound, because the inductive effect, and therefore presumably 
the direct effect, is strongest at the fluorine end of the halogen series, 
Furthermore, the very large disparity in the orientation by fluorine 
and chlorine observed by Swartz (Rec. trav. chim., 1915, 34, 131) in 
the nitration of p-fluorochlorobenzene, 


Direction by F : Direction by Cl = 27-7% : 72:3% . . (para) 


(we have confirmed this result) f gave rise to the suspicion that 
the normal difference between the directive powers of these elements 
(t.e., that due to + 7’ — J) is greatly augmented in this substance 
by the direct effect ( —D) in accordance with the theory outline 
above. It followed that the small anomaly observed by Hollema 
in o-chlorobromobenzene should become notably increased in 
.0-fluorochlorobenzene. We have therefore examined the nitration 
of the latter and are able to show that the substitution occurs mainly 
in the two para-positions, as was expected, and that the relative 
direction by the two halogens is as follows : 


Direction by F : Direction by Cl = 78:7%: 21-3% . (ortho) 


We venture to suggest that this strikingly anomalous result definitel 
requires a theoretical explanation along the lines indicated ; and iti 
consistent therewith that in the nitration of o-bromoiodobenzen 
(— D, much weaker) the anomaly disappears (Holleman, Ree. trav: 
chim., 1915, 34, 228). 


EXPERIMENTAL. 


3-Fluoro-4-chloronitrobenzene.—The scheme of preparation wa 
as follows: m-Nitroaniline —> m-nitrobenzenediazonium fluorid? 


* We do not mean that it is possible precisely to specify all the detail 
of the mechanism in this or any of the other cases discussed in this paper 

+ There is an arithmetical error in Swartz’s paper; the figures here sho 
represent a correct interpretation of his data. 
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— m-nitrofluorobenzene —> m-fluoroaniline —> m-fluoroacetanilide 


, vrs ios a 
_> N-chloro-m-fluoroacetanilide Goatnpanie 


the reaction indicated in brackets serving to identify the fluoro- 
chloroacetanilide selected from the mixture obtained by re-arrange- 
ment. The process is obviously diagnostic. 

Beekman has prepared m-fluoronitrobenzene in a somewhat com- 
plicated apparatus (Rec. trav. chim., 1904, 23, 235), and we have 
obtained an equivalent result by the following simple method. 
m-Nitroaniline (69 g.), suspended in a solution of sulphuric acid 
(60 g., d 1-80) in water (150 g.), was diazotised at 0° with a solution 
of sodium nitrite (36 g.) in water (50 g.), efficient mechanical stirring 
being maintained. The product, mixed with 60% hydrofiuoric 
acid (400 c.c.), was distilled from a copper can (2-5 1.) through a 
copper condenser, and the m-nitrofluorobenzene, the last traces of 
which were driven over with a current of steam, was collected in a 
tubber beaker, separated from the bulk of the acid liquid by de- 
cantation, extracted with ether after addition of alkali, and distilled 
(b. p. 199—200°; yield 30%). The m-fluoroaniline (Wallach and 
Heusler, Annalen, 1888, 243, 225; Swartz, Rec. trav. chim., 1915, 
34, 131) had b. p. 187—189° (yield 90%), and the m-fluoroacetanilide 
(Swartz, loc. cit.) had m. p. 83°, and crystallised usually in rhombs, 
but occasionally in oblique-ended needles. 

m-F luoroacetanilide (10 g.), suspended in a solution of potassium 
hydrogen carbonate (30 g.) in water (200 c.c.), was mechanically 
@ stirred and treated during 1 hour at the ordinary temperature with 
# an aqueous paste of bleaching powder (32 g.; available Cl, 28%). 
The stirring was continued for 24 hours, the solution was then 
acidified with hydrochloric acid, and stirred for a further 12 hours. 
The mixed fluorochloro-compounds were obtained in approximately 
§ theoretical yield by collecting and drying the precipitate, and 
extracting the filtrate with ether. The separation of the products 
necessitated a lengthy series of fractional crystallisations from ethyl 
acetate-ligroin, and even then was incomplete. Thus from 18 g. 
of m-fluoroacetanilide we obtained the quantities given as yields 


below, together with much unresolved mixture. 3-Flworo-4-chloro- 
P2 
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acetanilide (yield 9-5 g.) was obtained as glistening plates, m. p. 115° 
(Found: Cl, 19-3. C,H,ONCIF requires Cl, 18-9%). Its con. 
stitution follows from its conversion into 4-nitroveratrole by the 
reactions described below. 3-Fluoro-6-chloroacetanilide, or, less 
probably, 3-fluoro-2-chloroacetanilide (yield 0-2 g.), was isolated 
as long, slender needles, m. p. 143° (Found: C, 51-8; H, 42. 
C,H,ONCIF requires C, 51-2; H, 3-7%). 3-Fluoro-4 : 6-dichloro. 
acetanilide, or, less probably, 3-fluoro-2 : 6-dichloroacetanilide 
(yield 0-8 g.), forms prisms, m. p. 124° (Found: C, 43-6; H, 2-9, 
C,H,ONCI,F requires C, 43-2; H, 2-7%). 


3-Fluoro-4-chloroaniline was obtained by hydrolysing its acetyl § 


derivative with alcohol and sulphuric acid (Perkin’s method), 
but by-products were also formed. The anilide was therefore boiled 
for 24 hours with 20°% hydrochloric acid, and the amine distilled 
in steam after basification. Isolated by extraction with ether, it had 
b. p. about 226°, and separated from ligroin in long, fibrous needles, 
m. p. 61—62° (Found : Cl, 23-8. C,H;NCIF requires Cl, 24-3%). 

For the preparation of 3-fluoro-4-chloronitrobenzene, the base 
(6-0 g.) was suspended in water (100 c.c.), containing sulphuric acid 
(3-84 g., d 1-80), and diazotised at — 5° with a solution of sodium 
nitrite (4-0 g.) in water (100 c.c.). The bright yellow, sparingly 
soluble diazo-compound so formed was collected and suspended in 
water (1 1.), and the suspension poured, with vigorous stirring, into 
a freshly prepared aqueous solution (100 c.c.) of sodium nitrite 
(40 g.) and cuprocupric sulphite (Chevreul’s salt) (15 g.). A rapid 
evolution of nitrogen occurred, and, 15 minutes later, when a 
brown deposit had covered the surface of the dark green liquid, the 
stirring was discontinued, and the faintly acid solution distilled in 
steam. The oil was extracted with ether from the distillate, and 
the extract washed with very dilute alkali, dried with calcium 
chloride, and distilled. ‘The residue (4-0 g.), which was brown and 
semi-solid at the ordinary temperature, was distilled and the nitro. 
compound was then obtained (2-7 g.) as a pale yellow oil, b. p. 
114—116°/24 mm., which crystallised in the receiver. It was 
finally purified by crystallisation from ligroin and obtained as very 
pale yellow leaflets, m. p. 63—64° (Found : Cl, 20-7. C,H,0,NCIF 
requires Cl, 20-2%). 

4-Fluoro-3-chloronitrobenzene.—This isomeride was obtained from 
p-fluoronitrobenzene (which was prepared in 33% yield from 
p-nitroaniline by the method described for the m-compound) by 
chlorination in the presence of anhydrous ferric chloride (Rinkes, 
Chem. Weekbiad, 1914, 14, 952). It had m. p. 41-5°. 

o-Fluorochlorobenzene was prepared from the second of the above 
nitro-derivatives by elimination of the nitro-group according # 


alkali 
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Rinkes’s method (loc. cit.). 4-Fluoro-3-chloroaniline (m. p. 44°) was 
obtained without difficulty (yield 90%). The base (16 g.), suspendéd 
in concentrated hydrochloric acid (100 c.c.) at — 5°, was diazotised 
yith a solution of sodium nitrite (10 g.) in water (15 c.c.), and the 
glution cautiously treated below 0° with one of stannous chloride 
(60 g.) in concentrated hydrochloric acid (50 c.c.), with efficient 
mechanical stirring. Thirty minutes after the addition was com- 
jlete the hydrazine hydrochloride was collected and decomposed 
with cold sodium hydroxide solution. The hydrazine was extracted 
vith ether and obtained as a brown solid (12 g.), but attempts to 
‘purify it by crystallisation failed owing to its tendency to autoxid- 
ation. It was therefore dissolved in the minimal amount of 75% 
acetic acid, and the solution added drop by drop to a boiling solution 
of erystallised cupric sulphate (50 g.) in water (150 c.c.). Nitrogen 
was evolved and the solution on distillation yielded o-fluoro- 
chlorobenzene (6-5 g.) as an almost colourless oil, b. p. 138— 
140°/758 mm. 

Nitration of o-Fluorochlorobenzene.—o-F luorochlorobenzene (5-0 g.) 
was added during 1 hour through a capillary tube to nitric 
acid (15 g., d 1-49) at 0°, and the stirring of the mixture was con- 
tinued for a further 3 hours at the same temperature. The product 
was extracted with ether, after addition of ice (50 g.) and aqueous 
sodium hydrogen carbonate (slight deficit), and distilled. Allowing 
for the small amounts of unchanged o-fluorochlorobenzene (b. p. 
7°/16 mm.) which were always recovered, the yields of mononitro- 
derivatives, b. p. 113°/16 mm., 114°/18 mm., 118—119°/26 mm., 
ranged from 91% to 98%. Repetition of the purification, followed 
by determinations of the freezing point and labile halogen (see below) 
showed that the losses were mainly mechanical and that the change 
of composition during isolation was certainly not more than 1% 
(Found: N, 7-9. C,H,O,NCIF requires N, 80%). The nitration 
product is a very pase yellow solid at the ordinary temperature, 
and it is possible to separate pure 4-fluoro-3-chloronitrobenzene from 
it by crystallisation from methyl] alcohol. 

Action of Sodiwnm Methoxide on the Isomeric Fluorochloronitro- 
benzenes and on the Nitration Product of o-Fluorochlorobenzene.— 
About 1 g. of the nitro-compound or mixture of nitro-compounds, 
dissolved in methyl alcohol (100 c.c.) containing 15 mols. of sodium 
methoxide, was heated at 80° for 60 hours, and the product poured 
into chloride-free water. Attempts to estimate the loss of alkalinity 
by titration were not entirely satisfactory owing to the masking of 
the end-point by the yellow colour of the solution. The solution 
was nearly neutralised with halogen-free nitric acid, made definitely 
ikaline with 2 ¢.c. of 2N-sodium carbonate, evaporated to remove 


424 INGOLD AND VASS: THE NATURE OF THE 


the methyl alcohol, and extracted with ether. The extract ya; 
washed with water, and the fluoride and chloride were then estimated 
in the combined aqueous solutions. 

4-Fluoro-3-chloronitrobenzene (0-8947 g.) gave calcium fluoride 
(0-1972 g., corr.) corresponding to 99-5% of labile fluorine; but 
7:0% of the value represents the correction for the solubility of 
calcium fluoride in water and in the dilute acetic acid used to wash 
it. The chloride estimation represented 1-3% of labile chlorine, 
and blank experiments indicated that this figure was real and not 
due to chloride in the reagents or apparatus. The ethereal extract 
was not examined. 

3-Fluoro-4-chloronitrobenzene gave fluoride and chloride corre. 
sponding to 47-3% and 100°0% of labile fluorine and chlorine 
respectively. A large proportion of the fluorine in this m-fluoro. 
nitro-compound is therefore ejected from the molecule under the 
conditions used. For this reason, and also because the accuracy of 
the fluoride estimation is impaired by the considerable solubility of 
calcium fluoride (above), we decided to use chloride estimations for 
the analysis of the nitration product. The ethereal extract on 
evaporation yielded a yellow solid, which, after crystallisation from 
methyl alcohol, was identified as 4-nitroveratrole by direct com- 
parison and a mixed m. p. determination with a specimen prepared 
by Vermeulen’s method (Rec. trav. chim., 1906, 25, 24). 

The products of the nitration experiments gave the following 
percentages of labile chlorine: (1) 22-41, (2) 22-74, (3) 22-01, 
(4) 22-72 (mean, 22-49%). Three estimations, carried out at the 
same time and in the same way, of the labile chlorine in the 4-fluoro. 
3-chloro-isomeride gave («) 1-13, (8) 1-04, (y) 1-36% (mean 1-17%). 
It is shown below that the nitration product of o-fluorochlorobenzene 
is essentially a mixture of 3-fluoro-4-chloro- and 4-fluoro-3-chloro- 
compounds and contains only a small proportion of the vicinal 
isomerides. We therefore feel justified in applying to the two 
m-chloronitro-compounds taken together, the small correction 
(1:17) determined on the principal member of the pair. Henceit 
follows that : Orientation by F/Orientation by Cl = 78-68% /21-32'),. 

Freezing Points of Mixtures of the Isomeric Fluorochloronitn- 
benzenes and of the Nitration Product of o-Fluorochlorobenzene— 
In the following table p denotes the percentage of 4-fluoro-3-chlon- 
nitrobenzene in a mixture with 3-fluoro-4-chloronitrobenzene, and 
¢t represents the uncorrected freezing point : 

0-0 10-0 21:1 28-7 34:8 40-5 51-0 562 
60-0° 55°3° 49-1° 45-0° 41-1° 37-1° 26-8° 24:8" 


59-8 64- 66-6 71-9 754 81-0 92-2 1000 
26-3° 29-2° 31-1° 34-0° 39-1° 421° 
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These points lie on a two-branch diagram, with the eutectic point at 
p= 59-5% and ¢ = 22-1°. 

The next table refers to the product of the second nitration 
experiment ; x represents the parts of 4-fluoro-3-chloronitrobenzene 
and y the parts of 3-fluoro-4-chloronitrobenzene added to 100 parts 
of the nitration product. The freezing points (¢) were determined 
with the same thermometer and apparatus and under the same 
conditions as those recorded in the previous table. 

202 725 00 00 00 00 00 


0-0 0-0 16-0 24-5 32-8 49-3 63-1 
31°0°° 348° 3 =22°8°° —-21-4°-  24-5° =: 28-B° ss B«3° 


These values lie on a two-branch curve with a eutectic point at 
20-7°, and thus show that the depression of the eutectic temperature 
of the 4-fluoro-3-chloro- and 3-fluoro-4-chloro-compounds caused by 
the presence of vicinal isomerides in the nitration product is 1-4°. 
If the first point be placed at the correct temperature on the 
appropriate branch of the binary diagram, that branch fits accurately, 
but the second branch is displaced to an extent indicated by a dis- 
placement inapparent composition of the eutectic mixture amounting 
to 23% in the direction of the 3-fluoro-4-chloro-isomeride. 

A corresponding investigation of the third nitration product gave 
the following data : 


The eutectic point is at 20-9°, so that the depression of the binary 
eutectic temperature is 1-2°. If the first point is fitted to the 
binary diagram, the apparent displacement in composition of the 
eutectic mixture is 2-0°%% towards the 3-fluoro-4-chloro-compound. 

It is evident from these results that, although the nitration 
products do not accurately behave as binary mixtures of 4-fluoro-3- 
chloro- and 3-fluoro-4-chloro-nitrobenzenes, they can hardly contain 
more than a few units % of either of the vicinal isomerides. 


We wish to thank the Chemical Society and the Royal Society for 
defraying part of the cost of this investigation, and the Department 
of Scientific and Industrial Research for a maintenance grant to one 
of us. 
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LVIII.—The Nature of the Alternating Effect in Carbon 
Chains. Part XXIV. The Directive Action. in 
Aromatic Substitution of Certain Groups containing 
Triple Linkings. 

By JoHn Witi1AM BAKER, KENNETH ERNEST COOPER, and 
CHRISTOPHER KELK INGOLD. 


LANGMUIR has suggested that in the nitrogen molecule the two 
atomic nuclei and two electrons in addition to the K-electrons ar 
enclosed within a single octet (J. Amer. Chem. Soc., 1919, 41, 903), 
This may be regarded as a special form, applied to certain examples 
(N,,CO, and CN’), of the following more general principle :—When 
six valency electrons are mutually shared by two atomic nuclei, 
the system tends to appropriate two, or four, additional electrons 
in order to form a stable association of eight, or if possible, of ten, 
electrons. Usually the appropriation will be incomplete, and it may 
affect shared or unshared electrons; the limiting special case in 
which four unshared electrons are completely appropriated corre- 
sponds to Langmuir’s hypothesis divested of its assumed octet and 
of its highly particularised stereo-electronic suppositions. 

The appropriation of unshared electrons belonging to either or 
both of the combined atoms will be accompanied by a loss of basic 
character; the appropriation of shared electrons will confer on the 
molecule a tendency to ionisation, tautomerisation, etc. Owing to 
the lability of the unshared electrons in the tervalent nitrogen atom, 
the effect reaches a maximum when these can be absorbed and hence 
nitrogen (10e-group) and nitriles (8e-group) are non-basic, although 
according to customary electronic formulation they contain the 
unshared electrons of a tertiary amine. When the electrons 
required to form a stable 8e- or 10e-group are shared with hydrogen, 
the intrinsic tendency of the latter to pass into the cationic condition 
co-operates in favour of ionisation, and hence in hydrocyanic acid 
one hydrogen atom, in alkylacetylenes one hydrogen atom, and in 
acetylene two hydrogen atoms, are replaceable by elements (metals) 
which, having greater stability in the form of their cations, can 
become combined by electrovalencies to the organic anion (CN’, 
RC,’, C,’’) with minimal disturbance of the stable electron-groups. 


ff ee % Ly MD x) 
oN..N. R—C:ccN: H—C:::C—H R—C::.CSe 


The same effect transmitted through a carbon atom (and augmented 
by other influences) is observed in nitriles possessing an «-hydroget 
atom. 

When the shared electrons bind atoms other than hydrogen, 
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different phenomena may arise. Thus diazonium salts decompose 
nore easily than other quaternary ammonium salts because the 
quaternary group in the former has an enhanced power of with- 
drawing electrons from the hydrocarbon radical (compare Hanhart 
and Ingold, J., 1927, 250) : 

a 


® 
(aly ® 6 . 
\R—N=N:j* —> R+N,+X — RX+N, 


R 3 R’ 
IpenZ ry R R - ZR” +X —> RX+ NZ if 
\R”| \R” \R!” 

To take one other example from the many available, acetylenic 

acids lose carbon dioxide on heating, whereas olefinic and saturated 

acids do not unless an electron-sink is present; in fact the decom- 
positions of propiolic acid homologues and $-ketonic acids, etc., are 
closely comparable : 


LY) Ly ) ce 
RC=C—CO—O—H —> RC=C + CO, + H —+> RC=CH + CO, 


h\ a Ya 8 ® 
0=—CR—CH,—CO—O—H —+> O—CR—CH, + CO, + H—> 
R:CO-CH, + CO, 
These conclusions receive independent justification from the 
experiments recorded below on the orienting influence in aromatic 
substitution of certain groups containing the triple linking. For 
example, we find that phenylpropiolic acid on nitration yields as 
much as 8%, and ethyl phenylpropiolate 6%, of the m-derivative, 
in contrast with cinnamic acid and its ester, which yield op-products 
practically exclusively. We have no hesitation in ascribing this 
effect to the triple linking, rather than to any greater electron- 
attraction by the acetylene-bound carboxyl group as compared 
with the olefin-bound carboxyl group, because the difference of 
electron strain in the linkings binding the carboxyl groups in the 
two cases isin the wrong sense. This is shown, not only by the much 
greater tendency of acetylenic acids to lose carbon dioxide, but also 
by their much greater strengths as compared with the corresponding 
olefinic (and saturated) acids : 
kx 108, kx 105, kx 108, 
n-Butyric acid... 1:5 a-Crotonic acid 5-6 Tetrolicacid ... 246 
8-Phenylpro- Cinnamic acid... 8-6* Phenylpropiolic 
pionic acid ... 23 i 
* Mean of values for ordinary and allo-modifications. 
Hence the electron-attracting power of the acetylenic bond in 
phenylpropiolic acid is distributed between the two directions, and 
the m-orientation observed represents only a part of the total effect 
of the group. 
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No exact estimate of the proportion of m-derivative formed op 
nitration of benzonitrile appears to have been made previously, 
We find that, on nitration at 0° in nitric acid, 81% of the m-nitto. 
compound is produced. Phenylacetonitrile yields 14% of the 
m-derivative under similar conditions, showing that the m-orienti 
influence of the cyano-group is considerable even when transmitted 
through an interposed methylene group. The much greater 
m-orienting power of the cyano-group than of the acetylenic group 
is in accordance with the view (Baker and Ingold, J., 1927, 833) 
that the electrons mutually shared by C and N in -C:N must be 
unequally shared, since they will be more under the control of the 
more powerful atomic nucleus (N), and that the effect of this must 
be to produce a m-orienting dipole. It may be pointed out that the 
recognition of these superimposed effects in the cyano-radical tends 
to favour our view that the additional electrons required to form 
the stable binuclear electron-groups considered are not shared 
(in the ordinary sense) by the two nuclei in the fully formed group, 
Admittedly this inference relates primarily to the 8e-group; butif 


it were applied to the 10e-group it would dispose of Langmuir’ 


binuclear octet. 

Finally, it should be remarked that the feeble basicity of azo. 
and nitroso-compounds (that their basicity is not nil is shown 
by their conversion into their amine oxides, azoxy- and nitro. 
compounds by oxidation) requires some extension of the above 
principles to include certain associations of two nuclei having 
originally four mutually shared and four unshared electrons. The 
facile elimination of nitrogen from dihydropyrazoles and aliphatic 
azo-compounds is a further indication in the same direction, and 
the fact that this reaction does not readily occur with aromatic 
azo-compounds is illuminated by reference to the analogous decon- 
position of diazonium salts. Here the presence of the positive 
charge, and the greater stability of the 10e-group originating in six 
shared electrons, render the series more labile as a whole, but the 
above mechanism of decomposition necessitates that the stability 
of an individual of the series {RN,}" X’ should depend on the power ¢ 
the variable radical R to hold electrons ; hence, stability diminishesin 
the series NO,°C,H,->C,H,;->CH,°C,H,-> >alphyl-. h 
azo-compounds RN,R’, the stability should be higher throughout, 
but should nevertheless be least when R = alphyl.* These consider 


* In “mixed” azo-compounds the group which most readily parts with 


(™~. 
electrons will determine the decompostion: e.g., CPh,—N—N->Ph 
CPh,® + N,Ph° —-> CPh,® + N, + Ph° —-> CPh, + N, (Gomberg 4 
Berger, Ber., 1903, 36, 1090). 
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ations raise the question whether the large electron affinity of the 
arbonyl group is not partly attributable to the cause indicated. 

A consideration of the stabilities of the compounds mentioned 
appears to show that. 2 electrons in the 10e-group are less firmly 
pound than the remaining 8. This is the reverse of Langmuir’s 
idea, and presumably has implications relating to the spectroscopy 
of nitrogen and cyanogen (it may not apply to acetylene). 


EXPERIMENTAL. 
(A) Acetylene Derivatives. 


(i) Nitration of Phenylpropiolic Acid.—This substance can be 
nitrated quantitatively, but the reaction requires very careful 
control and is best performed on a small scale in thin-walled test- 
tubes cooled in a bath of liquid ammonia. The acid (1-023 g.) was 
added during 15 minutes in very small portions with rapid 
mechanical stirring to 15 g. of freshly distilled absolute nitric acid 
at a temperature slightly below — 30°. After a further 15 minutes 
the solution was poured into ice and water, and the nitro-acids were 
extracted with much ether. The extract was evaporated, the 
evaporation being almost completed at the ordinary temperature, 
and the residue, which contained nitric acid, was repeatedly mixed 
with a little water and nearly dried over potassium hydroxide in a 
vacuum desiccator, and was finally dried until the weight became 
constant (yield 1-35 g. = theoretical) (Found: C, 56-4; H, 2-9. 
(ale.: C, 56-5; H, 2-6%). On oxidation with boiling permangan- 
ate at low concentration, nitrobenzoic acids were obtained in 85% 
yield; p- and m-nitrophenylpropiolic acids under the same con- 
ditions yielded the corresponding nitrobenzoic acids in 85% and 
88%, yield respectively. The mixed nitrobenzoic acids contained 
para 65-0°%, meta 8-0°%, (benzoic acid, nil). Hence the proportion 
of m-nitrophenylpropiolic acid formed on nitration is 7-7°, (rounded 
to 8°, in the introduction). Ortho, by difference, 27%. 

(ii) Nitration of Ethyl Phenylpropiolate—This experiment was 
carried out like the preceding one, excepting that the mixture formed 
on pouring the nitric acid solution into ice-water was made alkaline 
with sodium carbonate before being extracted with ether. The 
apparent yield of nitrophenylpropiolic esters was 90%, but this 
contained 3% of un-nitrated material (below). The aqueous 
solution was acidified and treated in accordance with the description 
given above for the isolation of nitrophenylpropiolic acids, 10% of 
which was obtained, accounting for the rest of the material. The 
bulk of the ethyl p-nitrophenylpropiolate (51-8%) was readily 
separated in a pure condition by crystallisation from methyl alcohol, 
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and the remaining mixture was oxidised (yield 96%) to nitrobenzpoic 
acids by means of very dilute permanganate. The mixed acids 
contained benzoic acid (estimated by sublimation at 100°) equivalent 
to 3-0% of un-nitrated ethyl phenylpropiolate. After separating the 
nitrobenzoic acids and applying the usual corrections, including one 
for the material which had escaped nitration, we obtained ‘para 
579%, meta 6-1%, ortho (by difference) 36:0%, and it does not 
affect the rounded proportion of meta- (6%) whether the 10% of 
hydrolysis occurred before or after nitration. 

We had hoped to include in this communication an account of 
the nitration of phenylacetylene and tolane, but in spite of many 
attempts we have not yet succeeded in establishing suitable 
conditions for the quantitative nitration of these substances. 


(B) Nitriles. 

(i) Nitration of Benzonitrile—The benzonitrile was run very 
slowly from a weight-pipette into 15 parts of well-stirred absolute 
nitric acid at 0°, and the mixture was kept at this temperature for 
afurther 2-5 hours. It is essential that no rise of temperature should 
occur, since otherwise the hydrolysis becomes perceptible. After 
admixture with ice-water and sufficient potassium carbonate the 
nitro-nitriles were extracted with ether (yield quantitative). There 
was no acid product. In the first of the three experiments, the 
results of which are recorded below, 23-8% of pure m-nitrobenzo- 
nitrile was separated by crystallisation from ligroin, and the remain- 
ing mixture was hydrolysed by boiling for 16 hours with 50%, (by 
weight) sulphuric acid, a process which was quantitative both in 
this instance and in preliminary experiments on the separate 
isomerides. In the second and third experiments the whole pro- 
duct was quantitatively hydrolysed without preliminary separation. 


As in the cases of benzamide, benzoic acid and benzoyl chloride J 


(Cooper and Ingold, J., 1927, 836) the proportion of p-isomeride 
is of the order of the correction for the solubility of p-nitrobenzoic 
acid in chloroform and we cannot assign a definite figure to it; 
the chief by-product is o-nitrobenzonitrile. For the m-isomeride 
we obtained (i) 80-0%, (ii) 80-0%, (iii) 816%. Mean, 80-53% 
(given as 81% in the introduction). 

Nitration of Phenylacetonitrile—Salkowski has shown (Ber., 
1884, 17, 507) that the meta-isomeride is formed in the nitration of 
this substance, but his method did not enable us to estimate the 
proportion. We used the method of hydrolysis and subsequent 
oxidation to nitrobenzoic acids, supplemented by comparative 
experiments with the separate isomerides. For this purpose 
o-nitrophenylacetonitrile was prepared by Bamberger’s method 
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(Ber., 1886, 19, 2635). The m-isomeride was obtained by Heller’s 
pethod (Annalen, 1908, 358, 357), but in the purification of the 
goduct it was found advisable to distil the crude oil obtained by 
atraction with benzene; the unchanged m-nitrobenzyl chloride 
distilled first at 155—160°/3 mm., and the cyanide at about 
130°/3 mm. It was still impure (m. p. 50—55°) and was therefore 
aystallised from dry ether, in which the cyanide is sparingly soluble 
and the chloride easily soluble (m. p. 61°). The p-isomeride was ; 
obtained by nitrating phenylacetonitrile and crystallising the | 


ant of fH product from alcohol. i 
many | Phenylacetonitrile was slowly added to 15 parts of nitric acid ‘ 
itable (i 1-49) at — 10° to — 15°, and the product was mixed with ice, 5 


nearly neutralised with dilute sodium hydroxide solution, and made 
alkaline with sodium hydrogen carbonate. The crystalline product 
was collected, washed, and dried (yield 86-8°%), and the filtrate was 
extracted with ether (yield 11-2%); total yield 98% (Found: C, 
3-1; H, 3°8. Cale.: C, 59-3; H, 37%). The main fraction on 
crystallisation from alcohol yielded 62-6% of pure p-nitrophenyl- 
acetonitrile; the residues and the extracted fraction were oxidised 
separately, and the nitrobenzoic acids separated as usual. In 
another experiment (yield 98-5%) the whole product was hydrolysed 
and the nitrophenylacetic acids were oxidised to nitrobenzoic acids 
(yield 89°), which were separated. Comparative experiments with 
0-, m- and p-nitrophenylacetonitriles gave the appropriate nitro- 
benzoic acids in 85%, 80% and 86% yields respectively, from which 
we conclude that the alteration in the proportion of isomerides which 
takes place when a mixture of nitrophenylacetonitriles is hydrolysed 
and oxidised under the conditions employed is inconsiderable. 
The results of the two experiments were as follows: ortho, 16-5, 
- § 17% (by difference); meta, 14-5, 14%; para, 69, 69%. 
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LIX.—«-isoPropylglutaconic Acid. 


By Katyor VENKATAKRISHNA HARIHARAN, KoTTIaAzaATH NARAYANA 
Menon, and JoHN LIONEL SIMONSEN. 


Amongst the products formed when d-A®-carene was oxidised with 
potassium permanganate in acetone solution was an acid, CgH,,0,, 
which was probably cis-homocaronic acid (I). The acid was, 
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however, somewhat readily attacked by potassium permanganate 
in alkaline solution and also showed certain other anomaloy 
properties which made it doubtful whether it possessed this eop. 
stitution. In describing the acid (J., 1923, 123, 553) the cyelic 
structure was only advanced with reserve and it was suggested that 
the acid might be either «- or B-tsopropylglutaconic acid (II or Ii). 


OMe, CH-00,H CO,H-C(CHMe,):CH-CH,°CO,H (1) 


CH——CH,;CO,H CO,H-CH:C(CHMe,)-CH,-CO,H (lt) 


The syntheses of cis- and trans-«-isopropylglutaconic acids (II) 
are now recorded together with an account of an unsuccessful 
attempt to synthesise cis-homocaronic acid. -isoPropylglutaconic 
acid also has been prepared in small quantity and will be described 
in a future paper. None of the glutaconic acids is identical with the 
acid obtained from d-A*-carene. 

a-isoPropyiglutaconic acid might be synthesised (1) directly by 
the condensation of ethyl sodiodicarboxyglutaconate with isopropyl 
iodide, (2) and (3) by the removal of a halogen acid from the z- or 
8-monohalogen derivative of ethyl «-isopropylglutarate. Only 
method (3), however, leads to the required acid. 

Although «-methylglutaconic acid (Feist and Pomme, Annalen, 
1909, 370, 63) and «-ethylglutaconic acid (Gutzeit and Dressel, 
Ber., 1890, 23, 182) have been prepared from ethyl sodiodicarboxy. 
glutaconate and the appropriate alkyl iodide, the sole product of the 
interaction of the sodio-compound and isopropyl iodide under the 
conditions given on p. 434 was ethyl trimesate. The formation 
of this ester by the condensation of derivatives of ethyl glutaconate, 
such as ethyl «-formylglutaconate, has been repeatedly observed 
(von Pechmann, Annalen, 1893, 273, 174; Wislicenus and Binde. 
mann, ibid., 1901, 316, 34) and presumably ethyl «-isopropyl- 
glutaconate, which must have been formed as a primary product 
of the reaction, underwent a similar condensation. 

The bromination of «-isopropylglutaryl chloride did not proceed 
smoothly. A bromo-ester of constant boiling point and correct 
composition could not be isolated. Although a small excess of 
bromine was used, the reaction mixture, after being poured into 
alcohol, contained a large amount of ethyl isopropylglutarate, 
and the main product was an acid ester; this on treatment with 

CO,R-CBrPré-CH,-OH, CO,H-CPré-CH,-CH, 
CO,R oo 
(IV; R = Hor Et.) (V.) 


(I.) 


alkali gave y-hydroxy-8-methylpentane-ye-dicarboxylic acid, which 
was isolated as the lactone (V) (compare Fittig and Wolff, Annaler, 
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1895, 288, 189). This lactone was obtained in an almost theoretical 
yield on treatment with alkali of the acid products obtained by the 
aterification of the bromo-acid chloride and it follows, therefore, 
that it was a tertiary hydrogen atom in the «-isopropylglutaryl 
chloride which had been substituted, yielding «-bromo-«-isopropyl- 
gutaryl chloride. This result is somewhat remarkable, since it was 
shown by Ingold (J., 1925, 127, 392) that the main product of 
the bromination of «-methylglutaryl chloride was y-bromo-«- 
methylglutaryl chloride, only very little of the «-bromo-compound 
being formed. Apart from «-isopropylglutaric acid and the above- 
mentioned lactone we were not able to isolate any homogeneous 
products from our reaction, although it is probable that the glutaconic 
acid was formed, since some of the fractions of the liquid acids 
obtained after removal of hydrogen bromide were unstable to 
potassium permanganate. The quantity obtained was insufficient 
for purification. 

Ethyl $-chloro-«-isopropylglutarate (VIII) was readily prepared 
by the reactions indicated in the following scheme : 
00, Et-CH Pré-CO-CH,-CO,Et->CO,Et-CH Pré-CH(OH)-CH,°CO,Et> 

(VI.) (VII.) 
(VIII.) CO,Et-CHPr’-CHCI-CH,°CO,Et —> (I1.) 


Ethyl «-isopropylacetonedicarboxylate (VI) was obtained in an 
excellent yield when ethyl potassioacetonedicarboxylate was treated 
with isopropyl iodide in alcoholic solution, It could not be reduced 
catalytically to the hydroay-ester (VII), which could only be prepared 
by prolonged reduction with a large excess of sodium amalgam. 
The preparation of the chloro-ester and its conversion into the 
glutaconic acid (II) were readily carried out under conditions 
similar to those used by Perkin and Tattersall (J., 1905, 87, 362). 
Separation of the cis- and trans-forms of the acid was effected by 
means of acetyl chloride (Thole and Thorpe, J., 1911, 99, 2227). 

For the synthesis of homocaronic acid the most ready method 
appeared to be that represented by the scheme : 

, ~CH'CO,Na H—CO~., ‘ H-CO,H L 

(Mey -cOMe™ CMe CH, OOS nowt 
(TX.) (X.) (XT.) 

When sodium methyl caronate (IX) was reduced with sodium 

and aleohol, a small quantity of a neutral oil was obtained. This 


wu.) CH,CMe,-CH,-CH, QH,CMe,CHyCH, (xr) 
CO O CO,H CO,H 


was, not (X), but the lactone of 8-hydroxy-$$-dimethylvaleric 
acid (XIT) (Blane, Bull. Soc. chim., 1905, 33, 897), since on treat- 
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ment with potassium cyanide at 275°, followed by hydrolysis of the 
resulting nitrile, it gave §$-dimethyladipic acid (XIII). Th 
reduction of the ester group had therefore been accompanied by 
fission of the cyclopropane ring. Further experiments on the 
synthesis of homocaronic acid are in progress. 


EXxPERIMENTAL. 


The Condensation of Ethyl Sodiodicarboxyglutaconate and iso. 
Propyl Iodide: Ethyl Trimesate—A mixture of the dry sodio. 
derivative (7 g.), alcohol (10 c.c.), and isopropyl iodide (4 g.) was 
heated in a sealed tube at 140—160° for 4 hours. Considerable 
pressure was developed and the liquid contained a colourless solid, 
This was collected and well washed with alcohol; it proved to bea 
mixture of ethyl trimesate and sodium carbonate. The filtrate, 
after removal of the alcohol, was dissolved in ether to remove 
inorganic matter, the ether evaporated, and the residual oil distilled 
under diminished pressure (17 mm.); about half passed over at 
100—110°, and the remainder at 205—225°. The higher-boiling 
fraction slowly crystallised in needles, m. p. 125—127° (after 
draining on porous porcelain), 132—133° (constant ; after recrystal. 
lisation from alcohol). The substance was identified, by analysis 
(Found : C, 61-3; H, 6-3. Cale.: C, 61-2; H, 6-1%) and by direct 
comparison with an authentic specimen, as ethyl trimesate. The 
lower-boiling oil was a mixture and owing to the small quantity 
available was not further examined. 

Bromination of «-isoPropylglutaryl Chloride.—«-isoPropylglutaric 
acid was most conveniently prepared by the hydrolysis with 50°, 
sulphuric acid of ethyl «-cyano-«-isopropylglutarate, which was 
obtained in an excellent yield under the following conditions: 
Ethyl tsopropyleyanoacetate (38 g.) was added to a solution of 
sodium (5-6 g.) in alcohol (75 c.c.) and to the mixture, cooled in salt 
and ice, ethyl 8-iodopropionate (63-7 g.) was gradually added, care 
being taken that the temperature did not rise above 0°. After 
remaining at 0° for 5 hours, the reaction mixture was kept at room 
temperature over-night and finally heated on the water-bath for 
1 hour. The condensation product was separated in the usval 
manner and distilled under diminished pressure, practically the 
whole distilling at 195°/32 mm. (yield, 75%) (Found: N, 57. 
Cy3H,,0,N requires N, 5-5%). It was a somewhat viscid, yellow 
oil with a faint but unpleasant smell. 

a-isoPropylglutaric acid (45 g.) was mixed with phosphorus 
pentachloride (110 g.) and, after the formation of the acid chloride 
was complete, dry bromine (44 g.) was gradually added ; the mixture 
was then heated on the water-bath for 24 hours, only the slight 
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excess Of bromine remaining unabsorbed. The acid chloride was 
poured into well-cooled alcohol and next day ice was added. The 
heavy oil precipitated was dissolved in ether, and the ethereal 
wlution was well washed with sodium carbonate solution (A), dried, 
ad evaporated. After repeated fractionation under diminished 
pessere (30 mm.), four fractions were separated: (i) 130—145°, 
(ii) 145—165°, (iii) 165—180°, and (iv) 180—210°. Fractions (i) and 
(ii) contained only traces of bromine, and fractions (iii) and (iv), 
which were small in quantity, contained 13-5 and 23-3% of bromine 
respectively (C,,H,,O,Br requires Br, 27-5%). 

Fractions (i) and (ii) were examined separately and gave identical 
poducts. After hydrolysis with alcoholic potassium hydroxide 
lution and separation of the organic acid-in the usual manner, an 
ol was obtained which partly crystallised on keeping. It was 
converted through the sparingly soluble copper salt into pure 
--isopropylglutaric acid. 

Fraction (iii) was boiled with an excess of freshly distilled diethyl- 
aniline. The ester obtained distilled mainly at 155—165°/36 mm. ; 
a small amount of an oil boiled above this temperature. From 
the main fraction, only «-isopropylglutaric acid could be separated 
after hydrolysis. 

Fraction (iv) when treated in a similar manner gave an oil, 
b. p. 170—200°/30 mm. This gave on hydrolysis a liquid acid 
which was unstable to potassium permanganate in alkaline solution 
but was insufficient in quantity for investigation. 

The sodium carbonate solution (A) on acidification deposited 
an oil which, after extraction with ether and drying in a vacuum, 
contained Br, 18-39%. The oil was added to an excess of boiling 
alcoholic potassium hydroxide solution, the alcohol removed, and 
the alkaline solution acidified and extracted with ether. On 
removal of the ether an oil was obtained which crystallised com- 
pletely on keeping. It was purified by slow evaporation of its 
benzene solution, crystallising in prisms, m. p. 65—67°. Its 
identity with the lactone (V) of y-hydroxy-§-methylpentane-ye- 
dicarboxylic acid was confirmed by analysis (Found: C, 56:1; 
H,7-1; M,171-9. Calc.: C, 55-8; H, 70%; M, 172). 

Ethyl «-isoPropylacetonedicarboxylate (VI).—A mixture of ethyl 
potassioacetonedicarboxylate (32 g.), alcohol (50 c.c.), and csopropyl. 
iodide (23 g.) was heated on the water-bath for 6 hours. After 
addition of water the ester was separated by ether and distilled 
der diminished pressure, the bulk passing over at 141—143°/ 
Ymm. (yield, 60%). For analysis it was redistilled; b. p. 142— 
143°/9 mm. (Found: C, 59-0; H, 8-3. C,,H,,0, requires C, 59-0; 
H, 8:2°,). The ester is a colourless oil of pleasant odour and gives 
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with ferric chloride a deep red coloration. Its hydrolysis with 
alcoholic potassium hydroxide gives «-isopropylacetonedicarbonylic 
acid, which crystallises from ether in needles, decomp. 153°, and 
gradually decomposes on keeping (Found : C, 50-7; H, 6-6. C,H,,0, 
requires C, 51-1; H, 6-4%). 

Ethyl ¢-Hydroxy-«-isopropylglutarate (VI1).—The preceding keto. 
ester (80 g.) was dissolved in alcohol (200 c.c.) and, after the additig 
of water until the solution was just turbid, sodium amalgam (5 kg; 
24°%) was gradually added, the solution being vigorously stirred 
and a rapid stream of carbon dioxide passed through it. When the 
reduction was complete (6 days), the alcohol was removed in steam, 
the unhydrolysed ester (8 g.) separated by ether, and the alkaline 
solution evaporated on»the water-bath. The dry residue of salts 
was heated with alcohol and an excess of sulphuric acid on the 
water-bath for 10—12 hours, giving ethyl ®-hydroxy-«-isopropy. 
glutarate, b. p. 145—146°/10 mm. (Found: C, 58-1; H, 94. 
C,,H..0, requires C, 58:5; H, 8-9%), as a somewhat viscid oil 
which gave no colour with ferric chloride. The hydroxy-acid 
obtained by hydrolysis could not be crystallised. 

Ethyl $-Chloro-«-isopropylglutarate—To the well-cooled hydroxy. 
ester (13 g.), phosphorus pentachloride (11-5 g.) was gradually 
added. It slowly dissolved and on allowing the temperature to 
rise hydrogen chloride was evolved; reaction was complete at 50 
after 30 minutes. The cooled mixture was poured on ice, the 
chloro-ester separated by ether, and the ethereal solution washed 
with sodium carbonate solution, dried, and evaporated. The ester 
had a penetrating smell and was analysed after being kept for some 
days in a vacuum (Found : Cl, 12-2. C,,H,,0,Cl requires Cl, 13-4%), 

Ethyl «-isoPropylglutaconate-—The chloro-ester (19 g.) was mixed 
with freshly distilled diethylaniline (50 g.) and heated at 180—190’ 
for 12 hours. The cooled mixture was poured on ice and dilute 
hydrochloric acid, the oil dissolved in ether, and the ethereal extract 
well washed with dilute hydrochloric acid and with sodium carbonate 
solution, dried, and evaporated. After two distillations an oil 
was obtained, b. p. 148—150°/15 mm. As the ester contained 
traces of chlorine, it was not analysed. 

cis- and trans-«-isoPropylglutaconic Acids (I1).—The ester (24 ¢.) 
was hydrolysed with methyl-alcoholic potassium hydroxide and 
after removal of the alcohol the acid was separated from the acidified 
solution by repeated extraction with ether; on removal of the 
solvent, an oil was obtained which partly solidified on keeping 
(yield 16 g.). The crude acid, m. p. 80—100°, was a mixture of the 
cis- and trans-forms, which were separated by treatment with acety! 
chloride. , 
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The acid (26 g.) was mixed with acetyl chloride (100 g.) and 
heated on the water-bath until all evolution of hydrogen chloride 
eased (8 hours). The excess of acetyl chloride was removed under 
diminished pressure, and the deep red reaction mixture poured into 
an ice-cold solution of sodium bicarbonate. The neutral oil (A) 
was extracted with ether, the alkaline solution being reserved. 

The ethereal solution of (A) gave on removal of the solvent a 
deep red oil having a pungent smell and evidently consisting of the 
chloro-anhydride. On treatment with potassium hydroxide solution 
it rapidly dissolved and a sparingly soluble potassium salt was 
deposited in colourless leaflets which became green, brown, and 
fnally red. It was recrystallised from alcohol (Found: K, 19-7. 
(,H,O,K requires K, 20-3%). When an aqueous solution of the 
potassium salt was acidified with dilute acetic acid an oil was 
deposited which could not be induced to crystallise and probably 
consisted of the hydroxy-anhydride. The oil in neutral solution 
gave with silver nitrate a black precipitate, and, as has been pre- 
viously observed in similar cases, in alkaline solution it became deep 
red on keeping. 

For the preparation of the cis-modification of the acid the above- 
mentioned potassium salt was dissolved in water and digested 
with an excess of potassium hydroxide solution. From the acidified 
solution, repeated extraction with ether removed the acid, which 
was obtained as an oil and rapidly crystallised. It was recrystallised 
from cold dilute hydrochloric acid (Found: C, 55-4; H, 7-3; M, 
173. CgH,.0, requires C, 55-8; H, 70%; M, 172). 


some cis-«-isoPropylglutaconic acid separated from hydrochloric acid 
4%) @ in small plates, m. p. 101°, softening slightly at 95°. The acid 
nixed f was readily soluble in water, chloroform, and benzene, more sparingly 
-190° # soluble in light petroleum. The calcium and barium salts are 


jilute § readily soluble in water, but an aqueous solution of the acid gave on 
tract § addition of copper acetate a sparingly soluble copper salt. In acetic 
mate # acid solution the acid does not take up bromine, but its alkaline 


solution immediately decolorises potassium permanganate. 

The sodium bicarbonate solution, from which the chloroanhydride 
had been separated, was acidified, and the acid extracted with ether. 
On evaporation of the ether an oil remained which on keeping partly 
solidified. After draining on porous porcelain the acid was purified 
by crystallisation from either water or chloroform (Found: C, 
56-2; H, 7-0. C,H,,0, requires C, 55-8; H, 7-0%). 

trans-«-isoPropylglutaconic acid separated from chloroform in 
feathery needles, m. p. 132°. It was somewhat sparingly soluble 
in cold water, chloroform, and benzene, readily soluble in these 
solvents when hot, and very sparingly soluble in light petroleum. 
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The barium salt crystallised from water in small plates. The acij 
resembles the cis-form in its behaviour towards bromine apj 
potassium permanganate. 

Reduction of the Monomethyl Ester of Caronic Acid.—For the 
preparation of the monomethy]l ester, caronic anhydride (7 g.) was 
added all at once to a solution of sodium (1-15 g.) in methy] alcohg| 
(50 ¢.c.). After removal of the alcohol the sodium salt was dis. 
solved in water and the solution acidified; an oil then separate 
which crystallised on scratching. It separated from benzene. 
ligroin in short prisms, m. p. 108—110° (Found: C, 55-6; H, 71, 
CgH,,.0, requires C, 55-8; H, 70%). 

For the reduction of the acid ester the sodium salt (30 g.) was 
dissolved in alcohol (350 c.c.) and added as rapidly as possibk 
to sodium (36 g.), kept in a boiling water-bath. Owing to the 
separation of the sodium salt the whole mass became pasty. The 
alcohol was removed in steam, the aqueous solution acidified and 
repeatedly extracted with ether, and the ether dried and evaporated, 
The crystalline residue was distilled in steam, a small quantity of 
an oil passing over. This was extracted with ether and after 
the removal of the solvent the residual oil (2 g.) was distilled ; b. p. 
137°/43 mm., 232—235°/685 mm. On cooling in ice-salt the 
distillate crystallised, but it melted at room temperature and was 
evidently not quite pure. The lactone was converted into the 
dibasic acid by the method of Blane (loc. cit.) and this acid was 
identified as $$-dimethyladipic acid by its m. p. (86°) and by 
analysis (Found: C, 55-0; H, 8-3. Cale.: C, 55-1; H, 8-0%). 

Tue INDIAN INSTITUTE OF SCIENCE, 

BANGALORE. [Received, December 12th, 1927.] 


LX.—Hydrogenation of Cyclic Compounds under 
Pressure in Presence of Osmium and _ Other 
Catalysts. 


By V. 8. Saprkov and A. K. Mrxnatov. 


WHEN certain cyclic compounds (e.g., benzene, naphthalene, 
pyridine, quinoline) were hydrogenated under pressure in Ipatiev’s 
apparatus, it was found that the rate of absorption of the gas was 
dependent upon both the temperature (exhibiting a definite 
optimum) and the type of catalyst, particularly when platinum, 
palladium, iridium, or osmium was used on a supporting substance 
such as asbestos. Moreover, the concentration of the metal on the 
surface affected the rate of reaction. 
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We have therefore made comparative measurements of the 
diects of the above metals on the hydrogenation of pyridine and 
quinoline under pressure, and have also studied a number of sub- 
sdiary factors. 

The efficiency of a given catalyst may be assessed according to 


Alcohol Ml the rate of the reaction, i.e., from the quantity of hydrogen absorbed F 
as dis. juring equal intervals of time. As the reactions only proceed within 3 
Darated Mi certain temperature limits, the volumes have to be read at high 3 
nzene- M temperatures (250—320°) and are therefore affected not only by 


thermal expansion but also by the partial pressures of other sub- 
stances. The total amounts of hydrogen absorbed as shown by 
the manometer (at room temperature) therefore differ according to 
the temperature of the bomb; nevertheless the rate of decrease of é 
hydrogen pressure at a definite optimal temperature was sufficiently } 
well defined to enable the reaction to be followed and also to indicate 4 


>is Meas xd f 


d and Mf certain peculiarities in the catalysts. 

rated, 

ity of EXPERIMENTAL. 

after 50 G. of the substance under investigation are placed in a glass 
b. p. ff tube, and on the surface of the liquid is placed a plug containing the 
i the B catalyst (6 g. of asbestos coated with the metal), the plug being 


kept in position by means of a copper net. The tube is then put 
into the Ipatiev apparatus, which is closed and filled with hydrogen 
up to a pressure of about 100 atm. After the valve has been shut, 
| the apparatus is allowed to stand for several hours in order to ensure 
that it is air-tight, as judged by the constancy of the manometer 
reading, and then heated to the optimal temperature, which should 


7.] by determined by means of preliminary tests and is usually about 
80° above the boiling point of the substance being hydrogenated. 
The experiment is considered as beginning only when the changes 
] in the manometer readings have reached their maximal value within : 
€ & the given optimal temperature range, such readings being taken é 
her every 15 minutes. Usually the experiment was continued on several 


successive days, being interrupted over-night; it was regarded as 
being completed when the decrease of pressure became negligible. 
Hydrogenation under such conditions differs somewhat from that 
in an open tube, as in Sabatier and Senderens’s method, and also 
from that under pressure, as in Ipatiev’s method. In our experi- 
ments, the catalytic mass is nct distributed throughout the liquid 
(as in the latter method of Ipatiev), but forms a separate layer, 
penetrated both by the vapour of the liquid undergoing hydrogen- 
ation and by the hydrogen. Such conditions are favourable in 
that they prolong the time during which the substance is kept 
within the contact zone and also secure intimate contact. Thus, 
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the necessity of mechanically intermixing the liquid with the catalys, 
is avoided. Hydrogenation is effected in the vapour phase, as jy 
the Sabatier process, but also under pressure, as in Ipatiev’s process, 
Such a combination is rendered still more effective if the low-boiling 
products are condensed in a subsidiary apparatus such as will be 
described in a later paper. 

Preparation of Catalysts —Osmium-—asbestos. Washed and ignited 
asbestos (asbestos cotton) is shaken into a pulp with water and ap 
aqueous solution of the required amount of osmium tetroxide js 
added, followed by solutions of sodium hydroxide and hydrazine 
hydrochloride until the liquid is completely decolorised ; the whole 
is then heated in the water-bath to secure precipitation of metallic 
osmium upon the asbestos, which is drained, well washed in hot 
water, and dried first at 70—80° and finally in a vacuum desiccator 
over phosphoric anhydride. 

Osmium—cerium-—asbestos. A solution of osmium tetroxide and 
cerium nitrate in the required ratio is poured over asbestos pulp, 
and a small quantity of ammonia and 1 c.c. of hydrogen peroxide 
for every 0-1 g. of cerium salt are added. The whole is then boiled 
with solutions of caustic potash and hydrazine hydrochloride and 
treated as before. 

Activation of Catalysts —The catalyst may undergo an alteration 
in its degree of dispersion owing to the temperature employed, or it 
may become enveloped by difficultly volatile by-products of the 
reaction, or, further, its efficiency may be impaired in consequence of 
the oxygen of the oxides becoming involved in organic complexes; 
such occurrences may cause either a definite poisoning of the catalyst 
or a temporary fatigue. After a certain time, or after having trans. 
formed a definite quantity of substance, the catalyst therefore 
requires artificial reactivation, which may be effected by supplying 
it with oxygen for the purpose of forming an active surface rich in 
oxides. This may be accomplished either by heating it at 400° in 
a current of oxygen, or by subjecting it to the action of hydrogen 
peroxide at room temperature, the latter procedure being preferable 
as causing less disturbance in the state of dispersion: the catalyst 
is put into water, a few c.c. of hydrogen peroxide are added and 
rapidly drained off, and the catalyst is dried in the desiccator. 
The presence of a certain amount of water in the catalyst often 
increases its activity, so that, alternatively, drying may be effected 
at 105°. Any traces of organic matter are removed from the surface 
of the mass by thorough extraction with alcohol or ether in 4 
Soxhlet apparatus. 

Curves 1, 2, and 3 (Fig. 1) illustrate the hydrogenation of 
quinoline in presence of 20% platinum on asbestos at 320°, the fall 
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TaB_e I, 


Quinoline; 20% Pt on asbestos; 320°. 


0, 13, 7, 10, 2, 2, 3, 1, 2, 2, 1, 1, 1, Lh 1, 2812; 1; 24, 2. 
0, 0, 0, 0, 1, 1, 0, 1, 0, 0, 1, 1, 9, 1, 0, 0, 0, 1, 0, 1, 0, 0, 1, 0, 1. 


Product of reaction : 91% tetrahydroquinoline, 


Fra. 1. 


3 
eel 
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of the pressure of hydrogen being measured every 15 min. at 329° 
Curve 1 denotes rapid hydrogenation, which quickly slackens owing 
to fatigue of the catalyst. Table I (I) and Curve I show the amount 
of hydrogen absorbed (in atmos.) in successive intervals of 15 ming, 
and it will be noted that the absorption proceeds discontinuously, 
the curve showing undulations. 

Curve 2 represents the course of hydrogenation after 12 hour’ 


interruption (the bomb having been cooled to room temperature 
and subsequently re-heated to the optimal temperature of 320°). 
Table I (II) and Curve II show the successive absorptions and 


indicate considerable fatigue of the catalyst. On the first heating jj 


(I), an absorption equal to 59 atm. occurred during 6} hours, 
whereas during the second heating the amount absorbed for ap 
equal lapse of time only reached 10 atm. Now, in the first case 
the fluctuations in the quantities of hydrogen absorbed give evidence 
that periods of fatigue alternate with periods of partial reactivation 
of the catalysts, and similar renewal of activity may also be observed 
in the second case where values of 1 atm. alternate with inactivity. 

Finally, in the third case (curve 3) a state of extinction of the 
catalyst is attained, notwithstanding the optimal temperature, the 
excess of hydrogen re-introduced (188 atm.), and the incomplete 
hydrogenation of the quinoline (only 91% of tetrahydroquinoline). 

20% Palladium—asbestos produces a more uniform and extensive 
hydrogenation of quinoline. After a short induction period (li 
minutes), at the optimal temperature, absorption starts and soon 
attains a maximum of 5 atm. in 15 mins., followed by oscillations 
from 3 to 2 atm. in 15 mins.; thus, during the first hour 15 atm. 
were absorbed, whilst in the course of the following 4} hours the 
absorption was only 6-9 atm. per hour. Heating anew after cooling 
gave an absorption of 3 atm. per hour (21 atm. in 7 hours). These 
two ranges gave the following values for absorption in successive 
periods of 15 mins. : 


, 


Ess 0,4, GS, 3;3).1,°2):2 
(55 


3, 3, 2, 1, 0, 2, 3, 1,1, 2, 1, 1,4, 2. 
* hours; 46 atm.) 


iT... §0423.,66 .44.44.43 64 1.3336 1,90,076 11, hae 
(7 hours; 21 atm.) 


The powerful catalytic effect of osmium, which is effective in 
concentration of only 1°% on asbestos, is due to the ease of formation 
of its oxide in contact with the air, or when exposed to the action 
of hydrogen peroxide. With the above concentration at 320°, 
the following ranges were obtained for the hydrogenation 
quinoline : 


99 


86 


Atmospheres of hydrogen 
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5 320° I 0, 4, 4, 5; 5, 5, 5, 2, 3, 3, 1, 3, 2, 3, 1, 1, 1, 0, 2, 1, 2, 1, l, 2, 0, 0, 1, 0, L, i. 


owing (60 atm. in 74 hrs. = 8 atm./hr.) 


LountsM, 2,0, 1, 0, 1, 0, 0, 1, 0, 1, 1, 0, 0, 1, 0, 1, 0, 0, 1, 0, 0. 
mins,, (10 atm. in 5} hrs. = 1-9 atm./hr.) 


ously 
"'By), of tetrahydroquinoline was produced. 


For 20% osmium-asbestos at 300° the following ranges were 


hours’ - 
ptained (see Fig. 2) : 
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Quinoline. 20% Os on asbestos; 300°. 
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m ¢ 6 rR ¢ 9290090285 
0, 4, 4s 2, 4, 2, 2, 0, 2, 2, 4, ov; 3, 4, 1, 2, Os =» => 35 Vv» 


(62 atm. in 53 hrs. = 10°8 atm. /hr.) 


re ina 
mation 
action i 0,1] 9 3 9 1, 3, a 2, 2 1, 3. 1, 2. & Z. 2, 1, 0, 1, 1, 0, 1, 0. 


af oF =? 
' =, (35 atm. in 6} hrs. = 5-6 atm. /hr.) 
ion 0 


If only 1° of ceric oxide be added to the foregoing 20% osmium- 
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asbestos, considerable initial acceleration and increased intensity BC 


result (see Fig. 3) : sleet und 
1G 
‘be thre 


Quinoline. Osmium 20% + CeO, 1% on asbestos ; 320°. the 


and 
clea 
Oxy 


of o: 
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Hydrogen-pressure in atmospheres. 


Hours. 


oo, 3, 6, 1, 1, 7, 6,.4, 5, 3.4, &, 6, 2, 2, 3,2.1,2.144.23.L1L 
(105 atm. in 6 hrs. = 17°5 atm. /hr.) = 
L, 3, 6,5, 3,3, 302,22. 24 2323, 622.232.4421. Ill. 0 
(61 atm. in 6 hrs. = 10 atm./hr.) IV. 0 


III. ... 4, 3, 3, 1, 2, 5, 2, 2, 2, 2, 3, 2, 2, 2, 2, 2, 2, 2, 1, 1, 
(51 atm. in 5} hrs. = 9 atm. /hr.) I. 0,| 


Products of reaction : Il. 0. 
Temp. range. 165—200°. 200—240°. 2 250°. 260° and above. 

NH;% 66-7 17-0 3-3 13-2 - 

In order to emphasise the significance of the addition of ceric oxide 1. 0, 

he two foregoing experiments are compared in the following table‘: °. 


20% Os- (1) | 

20% Os— Adee + : ‘ 

Asbestos. 1% Ce. amPEY, 

Maximum in the course of 15 mins. ... 7 atm. 35 atm. ated a 

Maximum in the course of 60 mins. ... oS: 45 ,, in the 

Average quantity of H, absorbed per (43-ho 
hour (I) 10-8 ,, ITS 5 —_ 

Average quantity of H, absorbed per Is abs 

hour (IT) 56 ,, 10 » 12-5 in 
Average quantity of H, absorbed per * 

hour (III) ; is oy with p 
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Owing to the presence of ceric oxide, the activity of osmium 
undergoes a comparatively rapid restoration, and in each of the 
three ranges there is a total absence of zero values. In each case 
the initial activity is immediately followed by a temporary fatigue, 
and periods of activity and depression then alternate. This example 
cearly demonstrates the discontinuity of the hydrogenation. 
Oxygen doubtless participates in the reactivation, both in the layer 
of osmium tetroxide and in the ceric oxide which serves as a promoter 
or subsidiary activating agent. 

Although ceric oxide, when distributed over asbestos to the 

F extent of 20%, will facilitate the hydrogenation of quinoline, giving 
as much as 88% of tetrahydroquinoline, yet, in the absence of any 
eatalysing metal, it is incapable of hydrogenating pyridine, 
naphthalene, or benzene; similarly, it is unable to effect further 
reduction of tetrahydroquinoline and hexahydroquinoline, whereas 
this is easily effected on the addition of osmium or nickel. Thus, 
although osmium and cerium jointly produce intense hydrogenation, 
neither of these alone is capable of giving such an effect. Similar 
results are obtained for the formation of low-boiling products 
(below 200°) when a combination of 20% CeO, + 1% Os is used 
instead of 20% Os + 1% CeO, (compare p. 447). 


The following significant data were obtained on hydrogenating 
benzene or pyridine in the presence of 20°% osmium—asbestos (1) 
alone, and (2) with the addition of ceria: 


(1) Benzene; Osmium, 20% on asbestos; 250°. 
a 0,0, 2, © SS, & &, 2S: SS &, 2 SB 6, 8, ©. 
HM; 0,1, 1, 2; 26353 2, w 2, 1, 4, 4, 2, 6, 1, 1, 1, 2, 1, 1, 0, 1, 0, 0, 0,.0, 1, 1, 0, 0, 0. 
III. 0, 0, 5, 7, 6, 5, 4, 5, 3, 2, 5, 2. 
7. 0°0/0,2,1,1,1,0, > is Ay Sp Bp by ey Ae Up A> OU My Op Op 1,05 0) UO, 2, 0.0, Oe. 
Pyridine; Osmium, 20% on asbestos; 250°. 
- 3 L 3, 0, L .dhy. 0p Oh a i Wp ede Oecd, O 13,422.32. 6 3.5.8 


“3 &, 3, 2. 


, 10, 3, 0, 1, 2, 1, 1, 1, 0, 1, 1, 1, 1, 0, 1, 0, 1, 0, 1, 1, 1, 0. 


(2) Pyridine; 20% Os + 1% pay on asbestos; 250°. 
» 0,-1, '3, 2, 3,°8; 3, 1p 8: 

ML 0,1, 1, 1, 1 1, BW 2 
III. 0,0, 1, 0, 2, 1, 1, 0, 1, 1, 1, 1, 1, 2, 1, 1, 2, 0, 1, 1, 1, 0, 2, 2, 1, 0, 1, 2, 1,0, 1. 

(1) Comparing the hydrogen absorption during successive 
intervals of 15 mins., we see that benzene is not so readily hydrogen- 
ated as pyridine, the maximum in the first case being 8 atm., and 
in the second 19 atm.; however, in the course of the first run 
(4f-hours) in each case an almost equal number of atmospheres 
is absorbed per hour, viz., 14 atm. in the case of benzene, and 
12:5 in that of pyridine. The sharp rise of the curve up to 19 atm, 
with pyridine causes succeeding values to be lower (1 and 2 atm.), 

Q 
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whereas with benzene, the initial maximum being lower (8 atm.), 
the subsequent values are somewhat higher (4 atm.). Further, the 
extinction of the catalyst’s activity takes place much more rapidly 
in the case of pyridine than in that of benzene. 

(2) The addition to 20° osmium-asbestos of 1% of ceric oxide 
is followed by marked lowering of the rate of hydrogenation of 
pyridine, whereas in the case of quinoline a pronounced increase in 
the rate was noted (p. 444). One and the same catalytic system 
when applied to different compounds may thus display entirely 
opposite effects. Pyridine and benzene nuclei, when taken a; 
forming part of the quinoline complex, apparently are endowed with 
other properties than when taken separately. 

The foregoing method of investigating catalytic systems not only 
affords the possibility of estimating the catalytic power of a given 
“symbiosis ” of catalytically acting substances, but also permits ™- 
a closer study of the characteristics of various kinds of bonds in 
cyclic formations, whereby we may establish a relationship between 
the speeds of hydrogenation and the properties of cyclic bonds. 

Thus, support is afforded to the assumption that the activity of ff! 
the catalyst depends upon some sort of association with the sub. 
stance undergoing hydrogenation. The extinction of the catalyst 
may depend, inter alia, upon lack of purity and homogeneity of the 
matter subjected to hydrogenation, 7.e., upon the presence therein 
of impurities or of products of hydrogenation which are inimical to 
the catalyst. 

A careful examination of the curves obtained from many hydro. 
genations of quinoline in the presence of osmium—asbestos containing 
1% of ceria reveals the same general tendency in spite of differences 
in degree: the sharp rise within the first 15 mins. characteristic o 
osmium and greatly enhanced by the presence of cerium, seems to 
denote a more or less noticeable concentration of the activity d 
the catalyst within this initial period. The catalyst behaves as if 
it were supplied with a definite initial charge of activity, which is ff 
being expended either en bloc during the first moments of action, or 
by small portions distributed throughout a number of intervals. 
This initial charge, after being more or less rapidly consumed, i 
partially restored within a short space of time, then expended anew 
and once more restored. The phases of accumulation are chara 
terised by low or even zero absorption, being, as a rule, the longer 
the greater the previous manifestation of the catalyst’s activity, 
and being considerably shortened in the presence of reactivating 
agents (e.g., of ceric oxide). 

It may sometimes happen, owing to causes not yet understood, 
that the catalyst selected gives signs of fatigue from the very 
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ieginning of the process, being endowed with a low initial charge. 
There are even cases in which the charge is originally so low as to 
require a certain period of induction (or of accumulation), this 
endition being expressed by zero values throughout a whole range 
of 15-min. intervals. 

The following results were obtained for the hydrogenation of 
quinoline in the presence of 20% CeO, + 1% Os on asbestos at 320° : 

I. 3, 2, 3, 2, 6, 4, 5, 6, 5, 5, 5, 4, 5, 5, 4, 1, 4, 2, 4,2, 2, 2, 2, 3, 2, 2, 2, 3. 

. 4,2, 4, 2, 2, 2, 1, 3, 2, 1, 1, 3, 0, 1, 1, 1, 2, 1, 0, 1, 1, 1, 1, 0, 0, 0, 1. 

. 0, 10, 5, 6, 8, 4, 5, 3, 5, 4. 

By Ag By es bo Dye Wy Be ty Ge th By se ts Oy 1, 1;'F, ¥. 

The initial 1-hour rate of the second period (12 atm.) is higher 
than that in the first period (10 atm.); also, in the third phase we 
hve a 15-min. maximum of 10 atm., and l-hour values of 21 and 
% atm. Thus, the deficiency in the initial increase (in the first 
15 min.) is, as it were, compensated by a prolonged duration of 
activity, and by a more uniform expenditure of the catalytic force, 
vhich, in conjunction with a concurrent reactivation, gives the 
impression of a certain catalytic equilibrium. 

These investigations give convincing evidence of the discontinuous 
character of the activity of the catalyst, which is most clearly 
exhibited when the easily oxidisable osmium is used in presence of 
eric oxide as a promoter. Oscillations of activity are evidently 
closely allied with co-operation of oxygen, which regenerates the 
catalyst ; the latter, during the process of hydrogenation, experiences 
.§: fatigue which is inherent in the nature of the catalytic process. 
Poisoning and complete exhaustion of the catalyst are to be con- 
sidered as a mere summing up of natural moments of weariness— 
their accumulation in amounts high enough to exclude the possibility 
of automatic regeneration. But how shall we represent the oscil- 
latory character of the catalytic activity? New light is being shed 
om this matter by the work of Bredig and Weinmayr (Z. physikal. 
Chem., 1903, 42, 600) on periodic contact catalysis, as well as by the 
investigations of Hedges and Myers (J., 1924, 125, 604, 1282; 1925, 
127, 445, 1513) on the periodic character of the dissolution of metals 
inacids and alkalis. In the first case, we have to deal with evolution 
of oxygen, and in the second with that of hydrogen. In hydrogen- 
ating cyclic compounds in presence of osmium and ceric oxide, we 
neet for the first time with a case of periodicity in the absorption of 
gas, 

Moreover, the phenomena now described present many points of 
difference from those observed by Ostwald, Bredig, Hedges, and 
others, for the latter occur at comparatively low temperatures 
down to 35°), under atmospheric pressure, and in aqueous media. 
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On the other hand, those now described occur at higher temperatures 
under high pressures, and in absence of water. In each cag, 
however, there are periods of induction, rises and falls, stages of 
activity and passivity, and, lastly, exhaustion of the catalyst, 
power due, not only to the reagents being consumed, but alse ty 
degeneration of its efficiency. 

The alteration in the appearance of the catalysing metal, whic 
has been noted by Bredig and by Hedges, is in our case beyond the 
possibility of observation; nevertheless, the part played by oxygen, 
in forming suboxides, oxides, and peroxides, especially in the system 
osmium + ceric oxide, should be beyond doubt. The views 
Hedges as to the formation of an amorphous, gas-free, highly 
occluding crust of metal on heating in a vacuum do not exclude the 
significance of the alternate ripening and disappearance of oxide 
laminz, the more so as this phenomenon closely corresponds to the 
rhythmic pulsations in the evolution of gases and in electric potential 
The thermal preparation of the catalyst, combined with the addition 
of the second metallic component (promoter), gives identical results 
as to periodicity in the interaction of the reagents. In our cases, 
the thermal preparation of the catalyst assumes a permanent 
character owing to the fact that the reaction is being effected only 
within the limits of a definite optimal range of temperature. The 
formation of the oxide lamina is ensured both by the presence 
ceric oxide and by the easy oxidisability of osmium, whereas the 
disappearance of the lamina (regeneration of the occluding metal 
is due to the presence of hydrogen which is capable not only 
hydrogenating but also of exerting a reducing influence. 


State INSTITUTE OF APPLIED CHEMISTRY, 
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LXI.—The Laws of Aromatic Substitution. Part V1. 
A Quantitative Method for the Rapid Determination 
of Isomeric Nitro-derivatives of Laterally Substitutel 
T'oluenes. 


By Brernuarp FLiRscneim and Eric LeiaHton Hoss. 


INVESTIGATIONS on the influence of substituted methyl groups 0 
the positions taken by nitro-groups entering the nucleus are genet: 
ally faced with two problems: uniform oxidation of all the is0- 
merides to the corresponding acids, and accurate determination of 
the relative proportion of o- and p-nitrobenzoic acids on the oe 
hand and m-nitrobenzoic acid on the other. 
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]. Oxidation —(A) Permanganate. As long ago as 1877, Michael 
‘Mud Norton (Ber., 10, 580) stated that p-nitrotoluene gives a good 
yield of p-nitrobenzoic acid when boiled with a solution of 1 part 
of permanganate in 40 parts of water. Actual figures, or the 
emparative yields obtained on oxidation of isomeric nitrotoluenes, 
yere, however, not given. In Part V of this series (J., 1926, 1562) 
ye showed that, when an even weaker solution (for instance 1 : 60) 
yas employed, the acids were obtained in yields of about 80% of 
the theoretical and, what is more important, that the percentages 
yere practically identical for all three nitro-isomerides. These 
sults have since been utilised by Ingold and his co-workers. 

We have applied the method to a large number of compounds 
(see chiefly Parts VIIT, IX, and X of this series) without a single 
failure. In two cases (phenylnitromethane and ethyl phenyl- 
bromomalonate), the dilution being 1 : 60, gradual addition of the 
permanganate produced a less pure, yellow acid mixture, whereas 
the usual colourless product was obtained when the permanganate 
had been added all at once. In some experiments involving 
specially mobile substituents, certain modifications were introduced 
(see following paper). The method is simplified by destroying the 
residual permanganate with sulphur dioxide, which simultaneously 
dissolves the manganese dioxide, filtration being thus obviated. 

(B) Dilute nitric acid. Nitric acid (d 1-10—1-15) was employed 
by Baker and Ingold (J., 1926, 2468) for the oxidation of nitration 
products. This agent is not of such general applicability as per- 
manganate (see following paper), but where it can be used our tests 
prove it to be equally satisfactory. The resistance to destructive 
oxidation is again almost identical for the isomeric acids, and is 
much the same as with permanganate (see experimental part). 
Baker and Ingold’s statement that benzoic acid is not nitrated under 
these conditions is essentially correct; our more delicate method, 
however, has enabled us to show that nitration under Baker and 
Ingold’s average conditions takes place to the extent of about 1%. 

II. Determination of the Proportion of the Isomerides.—Francis and 
Hill (J. Amer. Chem. Soc., 1924, 46, 2498) devised a method for 
estimating the percentages of o- + p- and of m-nitrobenzoic acids 
based on the consumption of two atoms of bromine by the former 
acids and of three atoms of bromine by the latter acid after reduc- 
tion to amino-acids. These authors also directed attention to a 
source of error, due to partial replacement of carboxyl by bromine, 
resulting in an increased consumption of bromine. The method, 
therefore, could give trustworthy results only if the degree of such 
replacement were always the same for a given mode of operating. 
But since the three amino-acids and their partly brominated deriv- 


450 FLURSCHEIM AND HOLMES: 


atives cannot all be assumed to take up bromine at the same rate, 
it seems clear that the extent to which carboxy] is eliminated from 
the o- and p-acids must vary, even under otherwise similar cop. 
ditions, with the initial composition of the mixture—and, whenever 
an intermediate solid phase is formed, also with unavoidable physical 
differences. It is not surprising, therefore, that Ingold and his 
co-workers appear to have abandoned this method in favour of 
more laborious processes, including the removal of benzoic acid by 
sublimation and the old method of barium-salt precipitation and 
fractional recrystallisation, which we ourselves had utilised in 
Part V of this series. These tedious separations, however (and this 
applies to the solubility method also), do not give even approxim. 
ately accurate results when certain substances—such as the bromo. 
and nitrobromo-acids «acountered in Part VII—are present, and 
therefore the discove.y of a better method became imperative. A 
suggestion made by Mr. W. B. Saville, that m-bromobenzoic and 
benzoic acids might be separated from nitro-acids after reduction 
of the latter with titanous chloride (which would render them 
soluble in dilute acid), led us to consider the feasibility of separating 
the amino-acids from one another by introducing a difference in 
their behaviour towards acids or alkalis. No difficulty was experi- 
enced in converting o- and p-aminobenzoic acids at room ten- 
perature * quantitatively into tribromoaniline by prolonged exposure 
to bromine in dilute hydrochloric acid, and separation from the 
tribromo-m-aminobenzoic acid simultaneously formed from m-amino- 
benzoic acid was then easily effected by alkaline reagents. Whereas, 
therefore, by Francis and Hill’s method three bromine atoms are intro. 
duced into one of the aminobenzoic acids, and two (plus an indeter. 
minate fraction) into the other two, and the bromine consumption 
constitutes the measure, by our method all three acids take up exactly 
three atoms of bromine, and the actual weights of the two compounds, 
formed with a high degree of purity, are the measure. 


EXPERIMENTAL. 


I. Oxidation.—(A) Resistance of acids to permanganate. (a) 0506. 
of benzoic acid was boiled for 3 hours with 1 g. of potassium per- 


* Francis and Hill (loc. cit., p. 2500) observed quantitative conversion of 
o- and p-aminobenzoic acids into tribromoaniline only at temperatures above 
40°, and at the ordinary temperature only in the presence of sufficient alcohol 
to prevent precipitation of intermediate compounds. A gravimetric method 
was suggested by these authors only for hydroxybenzoic and aminosulphonit 
acids. It differs in principle from our method and, moreover, could not be 
applied to our problems, since it depends, not on selective salt formation # 
in our case, but on the—comparatively rare—occurrence of complete selective 
solubility in the absence of salt formation. 
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manganate in 60 c.c. of water and 2-5 c.c. of 10% aqueous potassium 
hydroxide. 0-447 G. (89-4%) of benzoic acid was recovered. 

'(b) 0:50 G. of m-bromobenzoic acid was treated as described above, 
but with only 1-6c.c. of potash solution. Recovery=0-452 g.=90-4%. 

(c) 0°25 G. of each of the three nitrobenzoic acids were mixed and 
boiled for 3 hours with 1-5 g. of permanganate in 90 c.c. of water 
and 2:5 c.c. of 10% aqueous potassium hydroxide. Recovery = 
0-602 g. = 803%. 

The yield of nitrobenzoic acids obtained on oxidation of a mixture 
of laterally substituted nitrotoluenes is, as a rule, higher than the 
recoveries recorded above, because the permanganate solution 
becomes more and more exhausted as the concentration of the acids 
formed increases. 

(B) Resistance of acids to nitric acid (d 1-1244—1-1253). (a) 1G. 
of benzoic acid was boiled for 6 hours with 50 c.c. of nitric acid 
(41-1244). The recovered acids, on reduction and bromination as 
described under II, gave 0-904 g. of benzoic acid, 0-003 g. of tri- 
bromoaniline, and 0-031 g. of tribromo-m-aminobenzoic acid 
(= 0-014 g. of m-nitrobenzoic acid). 

(b) 0:25 G. of each of the three nitrobenzoic acids and 0-25 g. of 
benzoic acid were boiled together for 6 hours with 50 c.c. of nitric 
acid (d 11253). The recovered acids yielded 0-237 g. of benzoic 
acid (94-89% recovery), 0-814 g. of tribromoaniline (= 0-412 g. of 
o- + p-nitro-acids : 82-4% recovery), and 0-462 g. of tribromo- 
m-aminobenzoic acid (== 0-206 g. of m-nitro-acid : 82-4% recovery). 
Baker and Ingold (loc. cit.) employed acid of d 1-10—1-15 and boiled 
the solutions for 2—10 hours. 

II. Determination of the Proportion of the Isomerides.—The acids 
are boiled with sufficient 10% hydrochloric acid to dissolve them, 
and aqueous titanous chloride (Knecht and Hibbert’s method; also 
used by Francis and Hill) is then added until, after 10 minutes’ 
boiling, the solution is still coloured. After cooling to room tem- 
perature, any non-amino-acids present (benzoic, bromobenzoic, 
etc.) are removed by ether. (Ether is the most suitable solvent for 
benzoic acid, because loss by volatility is minimised; for other 
mixtures other solvents, such as chloroform, may be found pre- 
ferable.) After air has been bubbled through the aqueous liquid to 
remove all the ether, bromine water is added in not too large excess, 
and the mixture is left for 24 hours at room temperature, initially 
with occasional shaking. Any solid is then filtered off, washed with 
water, then several times with potassium bicarbonate solution and 
again with water, and dried to constant weight at 80° (at 100° it 
slowly sublimes). This is 2:4:6-tribromoaniline. The acid 
mother-liquor of this precipitate is freed from bromine by a current 
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of air and twice extracted with ether, and the extracts are shakey 
with an excess of bicarbonate solution, dried, and evaporated, 
yielding a further quantity of tribromoaniline. The several }j. 
carbonate extracts are united and acidified, and 2 : 4 : 6-tribromo. 
3-aminobenzoic acid is then obtained, partly as a precipitate and 
partly by extraction of the filtrate therefrom with ether. 

A special test showed that no appreciable portion of the amino. 
benzoic acids is withdrawn from the acid solution by the ether: 
1 g. of a mixture of equal parts of the three nitrobenzoic acids was 
reduced and then twice extracted with ether as usual; the extracts 
left only 0-004 g. (oil) on evaporation. 

When, in addition to aminobenzoic and non-aminobenzoic acids, 
a “negatively ” substituted aminobenzoic acid, the salt of which 
with an inorganic acid would be largely dissociated in dilute solution, 
is present, its amount can be determined by a slight variation of 
the above procedure. If, for instance, bromoamino-acids (compar 
Part VII) are present, the solution of the initial mixture of reduced 
acids is repeatedly shaken with ether, until not more than 0-001 g. 
per g. of the original mixture of unreduced acids is extracted (in 
Part VII, 4 extractions were necessary in the case of 24-hour nitra- 
tions, and 8 for 10-day nitrations). The united ethereal extracts ar 
washed with 15—20 c.c. of 10% hydrochloric acid, and this acid 
extract is shaken once with ether and then added to the main 
aqueous portion before bromination. The combined ethereal 
extracts are dried and, after addition of 10 c.c. of glacial acetic acid, 
distilled until no ether is left; the residual solution, after addition 
of 2 c.c. of bromine per g. of the original mixture, is kept for 24 hours, 
then diluted with water, and freed from bromine by a current of 
air. Any precipitate produced by the dilution is filtered off, before 
the bromine is removed, and is washed with bicarbonate solution: 
this leaves undissolved a portion of the tribromoaniline produce 
from the bromonitro-acid. The remainder of such tribromoaniline 
is obtained by adding an excess of bicarbonate to the filtrate from 
the above precipitate, shaking the solution with ether, and drying 
and evaporating the ethereal extract. All the alkaline liquors ar 
now united, acidified, and shaken with ether, whereby the nov- 
amino-acids (e.g., benzoic and bromobenzoic acids) are obtained. 


Ill. Results with Synthetic Mixtures.— 
L. I. II. 


eee ee =e 

Acids. % Taken, % Found. {% Taken. % Found. % Taken. % Found. 
m-Bromobenzoic 10-02 ai ~— 0 0 0 0 

1010 f0012 49°85 gh.ga 34-62 31-26 32-01 


eeiteob 9-19 15°18 

o-Nitrobenzoic ... 19- ? 5: 3 5 

p-Nitrobenzoic |. 4075 Pha} 40-05 40-28 jh 3p} S448 SHU 

m-Nitrobenzoic ... “73 9-60 25-65 25-10 34-26 , 
100-00 100-00 100-00 100-00 


The figures under ‘‘% Found” are percentages of the total yield. 
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in IJ and III, the results were obtained without prior disclosure 
of the compositions of the mixtures. 

Asample of purchased ‘“‘ pure ” m-nitrobenzoic acid (m. p. 138— 
139°, instead of 141°) gave, when ground and heated for 44 hours 
it 100° before weighing, reduction, and bromination, 2-227 g. of 
ribromoaminobenzoic acid and 0-009 g. of tribromoaniline per g. of 
material, equivalent to 99-44% of m-nitrobenzoic and 0-45% of 
» and p-nitrobenzoic acids. 

IV. Calculation of Molecular Percentages.—In the above tests, 
special care was taken to avoid volatilisation of benzoic acid. But 
quicker working is possible if, in the absence of other volatile 
materials, the weight of benzoic acid is calculated by difference. 
In Part VII, for instance, from the weights of the tribromoaniline 
produced from nitrobenzoic acids, of the tribromoaniline from 
bromonitro-acids, and of the tribromoaminobenzoic acid, the 
weights of p-(o-)nitrobenzoic, bromonitrobenzoic and m-nitro- 
benzoic acids, respectively, in the original mixture were calculated. 
From a bromine analysis of the original mixture the corresponding 
weight of bromobenzoic acid was calculated, from which, by sub- 
traction of the bromonitrobenzoic acid—also calculated as bromo- 
benzoic acid—the weight of un-nitrated bromo-acid was obtained. 
The difference between the weight of the original acid mixture and 
the sum of the calculated weights of all these fractions gave the 
weight of benzoic acid. From these figures the molecular per- 
centages were calculated in the usual way. 


We desire to express our indebtedness to the Advisory Council of 
the Department of Scientific and Industrial Research for a grant to 
one of us (E. L. H.) which has enabled him to collaborate in this 
work; also to Sir W. H. Bragg and the Royal Institution, who have 
placed at our disposal the facilities of the Davy Faraday Laboratory, 
where the investigation was carried out. 
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LXII.—The Laws of Aromatic Substitution. Part VII. 
The Constitution and Substitution of Phenylnitro- 
methane and Some of its Derivatives. 

By BeRNHARD FLiRscnHem and Eric LEIGHTON HOLMEs. 

Baker and INGoLpD (J., 1926, 2462) nitrated phenylbromocyano- 


nitromethane and obtained results differing materially from those 


which one of us had recorded (J. pr. Chem., 1902, 66, 321). They 
Q2 
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thereupon asserted that those early experiments had been carried 
out incorrectly. We have now completed an exhaustive examjp. 
ation of the reaction, with the following results : 

1. Contrary to the statement of Baker and Ingold, the experi. 
mental observations published by one of us (Joc. cit.) have been found 
correct throughout. Phenylbromocyanonitromethane yields, o 
brief treatment with nitric acid (d 1-480) and subsequent oxidation by 
the usual methods, practically only benzoic and p-nitrobenzoic 


acids (see Experimental, section III, 8,d; p. 480), exactly as stated: 


in 1902. 

2. This p-nitrobenzoic acid—amounting usually to 34—380/ 
of the weight of the total acids—arises essentially from ‘th 
migration of the nitro-group during the oxidation. The occurrenr 
of this migration, which can be prevented by prior treatment 
with alkali (see section IIIB; p. 463), has been quantitatively 
proved. 

3. m-Nitration can occur under various conditions, as stated by 
Baker and Ingold, but it does not take place appreciably under the 
conditions, nor even approximately in the proportion, recorded by 
these authors (see sections [A and IV; pp. 456, 465). 

4. The complex changes occurring on prolonged exposure of 
phenylbromocyanonitromethane to nitric acid (d 1-480) have been 
quantitatively elucidated. The main change—the migration 
bromine into the m-position (see sections IB and IV; pp. 457, 466)- 
occurs to the extent of 54% in 10 days, and the rate of formation 
of the m-bromophenyl compound is independent of the concen. 
tration. 

5. The correlated behaviour of phenylcyanoisonitromethane, 
benzoyl cyanide and m-bromobenzoic acid on nitration has 
also been quantitatively ascertained (see sections IB and IV; 
pp. 461, 466). 

6. The following (primary) nitro-derivatives are formed direcly 
by nitration of the compounds named : 

F wt 

Phenylbromocyanonitromethane, CgH,*C(CN)-N-OBr (in nitric 
acid, d 1-52): 92—93% of m-nitrophenylbromocyanonitromethan 
and 8—7% of the corresponding p(and o)-nitro-compound. 

Phenyleyanoisonitromethane, C,H,*C(CN):NO-OH (in _ nitric 
acid, d 1-480): more than 99% of p-nitrophenylcyanoisonitr- 
methane. 

Benzoyl cyanide, C,H,*CO-CN (in nitric acid, d 1-52): 87°6%, 
of m-nitrobenzoyl cyanide and 12-4% of o- and p-nitrobenzyl 
cyanides. 
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m-Bromobenzoic acid (in nitric acid, d 1-480): 96% of o- and 
pnitro-m-bromobenzoic acids and 4% of m’-nitro-m-bromobenzoic 
acid. 

7. The migration of the nitro-group during the oxidation of 
phenylcyanonitromethane has been discovered and quantitatively 
gamined (see section IIIB; p. 464). It occurs to the extent of 
}4mol.%. 

8. The decomposition of phenylbromocyanonitromethane and 
its m-nitro-derivative by heat alone, by hot dilute nitric acid, and 
by concentrated sulphuric acid (see sections IITA, IIIB, and II; 
p. 462, 464) and also the rearrangement of phenylbromocyanonitro- 
methane in ethereal solution (see Experimental, section III, 3; 
p. 476) have been quantitatively studied. For example, the 
decomposition of phenylbromocyanonitromethane by heat yields 
92 mol.°%% of benzoyl cyanide and 8 mol.% of p-nitrobenzoyl 
cyanide. 

9, Phenylbromocyanonitromethane has been found to be a 
hypobromite, with an oxygen bridge (see 6), in accordance with 
Willstitter and Hottenroth’s formula for tertiary “bromonitro- 
compounds—a formula which is now co-ordinated with other 
observations by certain suggestions concerning tautomerism (see 
section V; p. 467). Hypobromite reactions of phenylbromo- 
cyanonitromethane and its newly discovered m-nitro-derivative 
have been quantitatively examined. Phenylbromomalonic ester— 
a true bromide—does not display such reactions at the ordinary 
temperature; at 95°, however, there is equilibrium between the 
hypobromite form and the bromide form, the latter greatly pre- 
ponderating. 

In the nitration performed by one of us (loc. cit.), nitric acid of 
d 1-480 * (8 parts, in a freezing mixture) was used. Baker and 
Ingold, who employed nitric acid of d 1-49 (8 parts, in a freezing 
mixture) obtained acids which, according to their analysis, were 
almost free from benzoic acid and contained an average of about 
52% of m-nitrobenzoic acid. Our present investigations prove that 
no m-nitration is produced by acid of d 1-480 and very little by acid 
of d 1-490. When, however, the strength or relative amount of the 
acid, or the temperature or time of nitration, is increased, phenyl- 
bromocyanonitromethane may be nitrated appreciably or even 
completely, the proportion of the m-isomeride formed in the latter 


* The work was done at Heidelberg in 1902 with ‘‘ rauchende Salpeter- 
siure.” Reference to Bliicher’s ‘‘ Auskunftsbuch,” 1903, shows that ‘‘ gelbe 
tauchende Salpetersdure ” (usually called “ rauchende ” merely) was acid of 
d 1-480, 
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case being, not Baker and Ingold’s 52%, but 92—93°%. Whenever 
the nitration has not been carried to completion, the unchanged 
phenylbromocyanonitromethane partly undergoes re-arrangement 
during oxidation under the usual conditions and thus the percentage 
of the p-isomeride in the nitrobenzoic acids is increased, but, 
contrary to Baker and Ingold’s statement, p-nitrobenzoic acid js 
in this case always accompanied by benzoic acid in preponderating 
amount. 

The behaviour of phenylbromocyanonitromethane as a hypo. 
bromite enabled us to follow the course of the reactions occurring 
during nitration and the changes in the side chain and in the 
nucleus. The procedure is summarised as follows: A sample of the 
nitration product was treated with aqueous potassium iodide and 
the liberated iodine was titrated. What did not go into the potass. 
ium iodide solution (7.e., products with partly altered side chain) was 
oxidised to the acids (R-C,H,°CO,H) and the molecular composition 
of these was determined. The difference between this composition 
and the molecular composition of the acids obtained by oxidation 
of the initial nitration product (exclusive of acids formed during the 
nitration; see below) gave the molecular composition (which could 
not be determined directly) of the acids due to oxidation of the 


portion of the nitration product which was soluble in potassium 
iodide solution and therefore contained an unaltered hypobromite 
side chain. The acids formed during the nitration itself wer 
separated initially by their solubility in potassium bicarbonate 
solution, and their molecular composition was determined directly. 
Migration during oxidation was prevented by prior treatment with 
alkali. 


I. Reactions of Phenylbromocyanonitromethane in Nitric Acid of 
Various Strengths and in Various Proportions. 


A. In Kahlbaum’s Nitric Acid (d 1-52).—The nitromethane 
undergoes m-nitration (92—93%) and p(and o ?)-nitration (8—7%). 

A large proportion of the m-nitrophenylbromocyanonitromethane 
was isolated in the pure state and analysed. The position of the 
nitro-group was proved by transformation into m-nitrobenzoyl 
cyanide and m-nitrobenzoic acid. That phenylbromocyanonitr 
methane and its m-nitro-derivative contain side chains having the 
same hypobromite constitution was shown by their giving the same 
reactions (see section V; p. 468). The composition of the remainder 
of the nitration product was ascertained by determining the pe 
centages of the isomeric acids obtained by oxidation. The absent 
of benzoic acid proved that nitration was complete. 
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B. In Nitric Acid (d}* 1-480).— 
O O 
Coa rte. 
(Bl)  CgH,C(CN)-N-OBr —> m-C,H,Br-C(CN)-N-OH. 


The transfer of bromine from the side chain to the m-position in 
the nucleus was quantitatively established by determining the 
bromine content of the acids obtained by oxidation, by isolating 
from these acids a large proportion of pure m-bromobenzoic acid, 
and by the fact that the portion of the nuclear bromo-compounds 
which had undergone nitration yielded, after oxidation, reduction, 
and bromination, nearly pure 2:4: 6-tribromoaniline. That this 
transfer of bromine is an intramolecular migration—and not 
bromination of one molecule by another—follows from the observ- 
ations that the rate of transfer is independent of concentration and 
isnot affected by the addition of a substance containing a m-direct- 
ing group. The latter fact was proved by adding to a solution of 
phenylbromocyanonitromethane in ether—in which also bromine 
was found to migrate—a large proportion of benzoyl cyanide. 
The migration of bromine, though slow, is the main change that 
occurs in nitric acid of d 1-480: after 75 minutes, less than 3 mol.% 
had migrated; after 10 days, the nuclear bromine had increased to 
54 mol.%. 

The further changes undergone in nitric acid of d 1-480 by 
m-bromophenyleyanonitromethane (B2) and phenylbromocyano- 
nitromethane (B3) are indicated in the following schemes. 

Names in square brackets denote products for the presence of 
which only indirect evidence was obtained. 


C,H,Br-C-CN 
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When m-nitration of phenylbromocyanonitromethane occurs, the 
m-nitro-derivative shows changes analogous to those given for the 
p-nitro-derivative in scheme B3. 

The products represented in schemes B2 and B3 may be divided 
into three classes: (1) compounds with completely transformed side 
chain (benzoic acid and its nuclear-substituted derivatives); (2) 
compounds with intact side chain (phenylbromocyanonitromethan 
and its nuclear-substituted derivatives); and (3) compounds with 
partly transformed side chain (phenyleyanonitromethane, benzoyl 
cyanide, stilbene and their nuclear-substituted derivatives). 

Transformation of the side chain to carboxyl does not—contrary 
to Baker and Ingold’s indications—occur appreciably during the first 
few hours. At 13° and 15-5°, even after 6 days, only about 10% 
(by weight) of acids was formed. Compounds with a partly trans fi 
formed side chain are, however, formed in a much higher proportion 
(see section IV, p. 465, Table I, for exact figures). 

The nature of the partly transformed side chains. Benzoyl cyanide 
was detected by its unmistakable pungent odour. 

The presence of phenyleyanonitromethane and its nuclear 
derivatives was conclusively established by the following facts: 
in some of the earlier experiments, the portion of the nitration 
product insoluble in potassium iodide solution was oxidised without 
precautions to prevent migration, and yielded many times more than 
the true amount of p-nitrobenzoic acid. This unique reaction 
(compare section IIIB; p. 464) leaves no doubt as to the presence of 
phenyleyanonitromethane. The presence of its nuclear derivatives 
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jollows from the proved presence of relatively large proportions of 
m-bromo-, p-nitro-, and 4-(2-)nitro-3-bromo-phenylbromocyano- 
Bitromethane among the compounds with an unaltered side chain after 
§days’ nitration : the m-bromo- and 4-(2-)nitro-3-bromo-compounds 
can only arise from the lateral bromination of the initially produced 
erresponding compounds without side-chain bromine (compare 
formule Bl; p. 457), and it is shown below that a similar explan- 
ation applies to the p-nitro-compound. Now we found that hypo- 
bromous acid reacts instantaneously with phenylcyanoisonitro- 
methane to form phenylbromocyanonitromethane. Partial 
hydrolysis (see scheme B3; p. 458) of phenylbromocyanonitro- 
methane to phenylcyanonitromethane in nitric acid of d 1-480 
supplies hypobromous acid, which then combines with the iso-forms 
of phenyleyanonitromethane and of its nuclear derivatives. 

Since the equilibrium between a nitro- and an isonitro-form alters 
in favour of the latter with increasing “negative” substitution 
(Hantzsch), the proportion of m-nitrophenylcyanonitromethane 
fnally present as hypobromite (m-nitrophenylbromocyanonitro- 
methane) is found to be greater than for the un-nitrated compound. 
Similarly, for the m-bromo-derivative this proportion, after a 6 days’ 
nitration, is found to be 4 to ? as high as for the unsubstituted com- 
pound, notwithstanding that the latter was originally already present 
as hypobromite and the former was not. For the p-nitro-compound 
the final proportion of hypobromite is found to be higher than for 
the unsubstituted compound, although here again it cannot have 
been a hypobromite when first formed, as we shall now show. 

Simple nitration of phenylbromocyanonitromethane (see A; 
p. 456) leads almost exclusively to the m-nitro-derivative. But in 
nitric acid of d 1-480 the p-nitro-compound predominates over the 
m-isomeride, at least when not more than 13 parts of acid are used. 
It follows that only a negligible portion of the p-compound can owe 
its production to nitration of phenylbromocyanonitromethane. 
Nor can the immediate hydrolytic product of phenylbromocyano- 
nitromethane, viz., phenylcyanonitromethane, account for p-nitr- 
ation, because, whereas the concentration of this hydrolytic pro- 
duct increases as the reaction proceeds, the rate of p-nitration 
decreases. When, however, phenylcyanoisonitromethane in the 
nascent state is nitrated, whether by nitric acid of d 1-480 or of 
d 1-52 (e.g., by nitrating its sodium salt), p-nitration occurs almost 
exclusively; a portion of the p-nitrophenylcyanoisonitromethane 
is then transformed into p-nitrobenzoic acid and the remainder 
isomerises to the ‘“‘ true” nitromethane (see p. 469) (and possibly 
some pp’-dinitrostilbene is formed; see below). And this is what 
also happens during the nitration of phenylbromocyanonitro- 
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methane—with the difference that the concentration of the iso. 
compound is relatively very low, and that hypobromous acid is 


(B4)C,H,-C-CN ie 
O-N-OH ~~ 


ON-OH ‘CyH, "CCN 
p-NO,0-N-OH 


p-NO,C,HyC-CN eH; C yal 
5° 


"NO,*C,H,-C-ON 


present. The latter not only reacts with p-nitrophenyleyanois. 
nitromethane to form  p-nitrophenylbromocyanonitromethane 
(compare above), but also, as it accumulates through the pro. 
gressive initial hydrolysis of phenylbromocyanonitromethane, 
practically stops further p-nitration as a result of its exceedingly 
rapid reaction with the un-nitrated iso-compound. m-Bromophenyl- 
cyanonitromethane is similarly nitrated in its—somewhat more 
favoured—iso-form. 

The formation of the remainder of the compounds with a partly 
transformed side chain, viz., stilbene and its nuclear-substituted 
derivatives (see schemes B2 and B3; pp. 457, 458), though not 
absolutely proved, is rendered probable by the following consider. 
ation : 

Wislicenus und Elvert (Ber., 1908, 41, 4126) found that p-bromo- 
phenyleyanoisonitromethane, by treatment with dilute sulphuric 
acid, yielded not only p-bromobenzoic acid but also pp’-dibromo- 
dicyanostilbene. (They also stated that concentrated mineral acids 
produce p-bromobenzoic acid, but apparently had not observed the 
characteristic blue colour reaction referred to below.) An indirect 
indication of the formation of stilbene derivatives was obtained in 
eur case in the bromonitrophenyl series. These derivatives, after 
a 6 days’ nitration, were found only or almost only amongst the acids 
and in the portion of the product insoluble in potassium iodide, 
the essential absence of the potassium iodide-soluble hypobromite, 
and therefore of the hydrolytic product in equilibrium therewith, 
thus being indicated. Moreover, the benzoyl cyanide of the series 
could hardly have survived, since we found that nitrobenzoyl 
cyanides are hydrolysed with extreme ease. Barring these normal 
constituents of a product insoluble in potassium iodide, there 
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remained only the corresponding stilbene as a probable main 
constituent. 
The mode of formation of the compounds with completely transformed 


the igo. 


OH side chains (acids). The above nitrations of iso-compounds show 
that, of each acid produced during the nitration of phenylbromo- 
cyanonitromethane, a portion must originate directly from the 
corresponding isonitro-compound. That the p-nitro-acid is not 
formed by some reaction of the isonitro-group prior to nitration 

| follows from the consideration that the intermediate products of 
such reaction, benzoylformic and benzoic acids and, as we have 
ascertained, benzoyl cyanide also, would be nitrated chiefly in the 
m-position in so far as they were nitrated at all, and that some of the 

al pnitro-product always retains its side chain with the original 

‘C-ON| ff nitro-group. In the case of bromonitrobenzoic acid, a second 
portion is derived from the nitration of m-bromobenzoic acid, since 

anoiso.™ we have found that this acid is slowly nitrated in 86% nitric acid. 

ethane § The remaining portions of each acid are formed from the corre- 
e€ pro. sponding ‘‘true”’ nitrocyano-compounds (in their bridge form). This 
thane, # follows from the fact that the nitration of phenylbromocyanonitro- 
dingly § methane produces much more benzoic acid than p-nitrobenzoic acid ; 
henyl.§ since we found that the reverse held when phenyleyanoisonitro- 


methane was nitrated, the excess of benzoic acid beyond what is 
attributable to the iso-form must arise from the “true” nitro- 
compound. This is confirmed by the analogous—but much quicker 
—action of concentrated sulphuric acid (I, 7 and 8; p. 455) 
on the bridge in phenylbromocyanonitromethane ; here the expected 
intermediate nitroso-derivative (which can also isomerise to the 
hydroxamic acid in the case of primary nitro-compounds) attains 
such a concentration that it can be detected by its intense blue 
colour (see formule, section II; p. 462). 

The kinetics of the process, for a given temperature, expressed by 
the molecular percentage yields obtained with various times and 
concentrations (section IV; p. 466), agree with the above con- 
siderations. Only approximate kinetic calculations are, of course, 
possible in this complicated case, but the ratio, for instance, of p-nitro- 
phenyl produced to the mean of the unsubstituted phenyl initially 
and finally present shows a definite increase with increasing relative 
volume of acid; obviously because the rate of nitration of the iso- 
nitro-compounds remains unaffected, whereas the competing 
recombination with hypobromous acid is retarded. At the same 
time the ratio of total m-bromination to average phenyl present 
remains constant (unimolecular change). The rate of decrease of 
side-chain bromine, as indicated by titrations with potassium iodide, 
after the first until the sixth day is much slower than the kinetics 
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of the bromine-migration would require; it is explained by th 
formation of m-bromophenylbromocyanonitromethane from the 
corresponding isonitro-compound and hypobromous acid. 


II. Reactions in Concentrated Sulphuric Acid. 
(1) Phenylbromocyanonitromethane : 
C,H s'C’CN (C,H;—C-CN | C,H;—C-N 


a 4% JX 
O-N-OBr |S0,H-6 N(OH)-OBr | 80,H-0 No 
(blue) 


C,H,°CO,H <— C.H,;"CO-CO,H <— C,H,CO-ON 
(2) m-Nitrophenylbromocyanonitromethane : Reactions analogous 
to those in (1). 
(3) Phenyleyanotsonitromethane (sodium derivative) : 
C,H;—C-CN CgH;—C-ON 


\ “N\ 
S0,H-6 N(OH), S0,H-0 No 
(probably partly via the (blue) 
bridge form) 


— 


[s sabea derivatives ?] C.H,-CO,H 


(probably as in 1) 


The formation of a nitroso-compound in all three cases was indicated 
by the production of a blue colour. Benzoyl cyanide was identified 
in (1) by its odour. Benzoic acid was isolated in (1) and (3), and 
m-nitrophenylglyoxylic acid in (2). The latter compound (m. p. 
144-5—145°) was also obtained from m-nitrobenzoyl cyanide by 
treatment with cold concentrated hydrochloric acid, and its nature 
confirmed by analysis and the thiophen test. The acid, m. p. 77— 
78° (after softening at 65°), described in Beilstein’s ‘‘ Organische 
Chemie ” as m-nitrophenylglyoxylic acid must therefore, to say the 
least, have been very impure. 


III. Re-arrangements produced by Heating. 


A. Re-arrangements by Dry Heating.—(1) Phenylbromocyano- 
nitromethane gives bromine, nitric oxide, benzoyl cyanide (92 mol.’ 
found; more than 72 mol.% isolated) and p-nitrobenzoyl cyanide 
(8 mol.% found; 7:5 mol.°% isolated). 

(2) m - Nitrophenylbromocyanonitromethane gives m -nitro- 
benzoyl cyanide (93-5 mol.% isolated) and a brominated mixture 
(8% of the weight of m-nitrophenylbromocyanonitromethane 
used). 

When phenylbromocyanonitromethane was prepared for the first 
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time (by one of us, loc. cit.), its decomposition by heat, and two 
substances produced thereby, were described. One of these sub- 
stances was later identified by Wislicenus and Schafer (Ber., 1908, 
41, 4169) as benzoyl cyanide. They isolated the other, still impure 
and not analysed, in a yield of 1-6 mol.%, and hydrolysed it to 
puitrobenzoic acid; they thought it “ might possibly be p-nitro- 
benzoyl cyanide.”” We have now isolated it in a yield of 7-5 mol.% 
and proved it to be p-nitrobenzoyl cyanide by obtaining a constant 
melting point agreeing with Zimmermann’s (J. pr. Chem., 1902, 66, 
353) and by analysis. Since the total migration of NO,, deter- 
mined by oxidation, exceeded this 7-5 mol.% by only 0-5 mol.%, 
o-migration must be negligible. 

m-Nitrobenzoyl cyanide, similarly obtained from m-nitrophenyl- 
bromocyanonitromethane, was identified by its properties, by 
analysis, and by hydrolysis to m-nitrobenzoic acid. 

B. Re-arrangements by Heating with an Oxidising Agent in Aqueous 
Solution.—(a) With permanganate. 

(1) Ph-G-CN (a) PhC-CN . : 

olor >" obo: 7: PROOF 
{| (85-8 mol.%) 


Proce _. PhCHCN >Ph°CO,H 
ane mitts NO >p-NO,°C,H,°CO,H 
Cane . P1422 tol.%)" 
(2) Ph:C-CN ___->PhCO,H 
ON-OK (or NH,) -+>hydrolysis, then reactions as in 
1b (mol.% of p-nitro-acid = 2-8 
for NH,-salt and 0-1 for K-salt). 
(3) PhCCN  __.. ».NO,C,H,CO,H (12:5 mol.%)+ Ph-CO,H 
O-N-OBr (87-5 mol. %). 
= 30% thermal decomposition, yielding 8 
mol.% of p-nitro-compound (see III Al; 
p. 462), + 70% hydrolysis, yielding 14-2 
mol. % of p-nitro-compound (see 16 above). 
rt in presence of 0-93 times its weight of Ph-CO-CN, 
O-N-OBr whereby reaction la (above) is retarded, but 
1b is unaffected, —> p-NO,°C,H,CO,H 
(21-5 mol.%) + Ph'CO,H (78-5 mol.%). 
(b) With nitric acid, d 1-125. 
(5) Ph‘OCN  __., ».NO,°C,H,CO,H(11—12mol.%) + Ph-CO,H 
O-N:OBr (89—88 mol.%), which corresponds to 
about half hydrolysis (III B1, above) and half 
thermal decomposition (III Al; p. 462). 
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The scheme for III B1 (p. 463) is proved by the fact that hardly 
any migration occurs when the potassium salt of phenylcyanoig. 
nitromethane is oxidised (III B2). The isonitro-group is stabilised 
in the order -NO‘OK>:NO-ONH,>:NO-OH, so that p-migration js 
observed in the inverse order. In a substance containing the group 
:-NO-OK hardly any migration occurs, and in agreement with this 
we found that such a substance was only very slightly hydrolysed in 
aqueous solution. III B3 follows immediately, and III Bj 
approximately, from III Al (p. 462) and III Bl. An admixture of 
an alkali-insoluble material, as in III B4, hinders the transformation 
of phenylbromocyanonitromethane into the potassium salt and 
therefore favours p-migration. This explains why, when phenyl. 
bromocyanonitromethane in presence of the only partly alkali. 
insoluble products of its reaction with 86% nitric acid is heated with 
permanganate (without first converting it into the potassium salt), 
much more p-nitrobenzoic acid is found than in III B3. And when 
—as in the 1902 experiment of one of us—such heating is carried 
out after a nitration of brief duration, then, apart from traces of 
m-bromo- and (possibly) o-nitro-benzoic acid too small for detection 
by separation, only p-nitrobenzoic and benzoic acids can be found— 
exactly as one of us had recorded (loc. cit.). 

Although this migration of a nitro-group during a permanganate 
oxidation appears to be unique, it is quite intelligible, since it occur 
in the following phases: (1) (in the case of phenylbromocyano- 
nitromethane) Hydrolysis to phenylcyanonitromethane, with 
participation of the aqueous permanganate solution. (2) Decom- 
position and re-arrangement of that portion of the phenylcyano- 
nitromethane which does not go into solution as iso-ion. This 
decomposition and re-arrangement occur in the suspended oil without 
participation of the aqueous permanganate solution. (3) Oxidation 
of the products of re-arrangement and decomposition, with 
participation of the permanganate solution. 

It should further be pointed out that in oxidation method A 
(see Experimental, p. 471), which produces re-arrangement, boiling 
is carried out with solutions of alkali of a somewhat higher con- 
centration than in method C (p. 471), which precludes re-arrange- 
ment; only the initial heating to the boiling point is performed in 
the presence of alkali in the one case and in its absence in the other. 
It is therefore not possible to argue that the p-nitrobenzoic acid 
obtained by method A is derived from a p-nitro-derivative originally 
present and that this derivative, if treated as in method C, would be 
destroyed by the alkali. Quite apart from this, alkali has no such 
effect under our conditions, as is shown by the identical yields 
obtained in the oxidation of p-nitrobenzaldehyde with and without 
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alkali (Experimental, III 8 g; p. 481). Further, the facts that the 
oxidation of phenyleyanonitromethane and of its isoammonium salt, 
each in the absence of added alkali, yields 14-2 mol.% of p-nitro- 
henzoic acid in the former case but only 2-8 mol.% in the latter, and 
that in the complete nitrations (acid of d 1-52) No. 17 (oxidation by 
method A) and No. 18 (oxidation by method C) identical yields of 
pnitrobenzoic acid are obtained (no re-arrangement being possible in 
the absence of un-nitrated product), show conclusively that the 
portion of the p-nitrobenzoic acid produced by method A, but not 
produced by method C, can only arise by a re-arrangement. 


IV. Nuclear and Lateral (Side-chain) Changes during Nitration, 
expressed as Molecular Percentages. 


PBCN denotes phenylbromocyanonitromethane. The nitration 
numbers in Table I refer to the corresponding numbers in Table II. 


TABLE I. 


ats, 0 
Lateral decomposition, mol.%. 
Products of m- NO.-m-  p-(o-) m- 
Substance. nitration. R = C,H,Br. C,H,Br. C,H,-NO,. C,H,-NO,. 
1, PBCN (nitration No. 10) : 


KHCO,-soluble : R-CO,H 3-70 0-95 
KI-soluble : oa 10-79 0 

O—N-OBr 

(‘R-C-CN 

4” 
Insoluble ~ . 
R-CO-CN 
[R-C(CN):], 
. PBCN (nitration No. 11): 


KHCO,-soluble : R-CO,H 
KI-soluble : R-C-CN 


oo 
O—N-OBr 
R-C-CN 


we 
Insoluble - 
R-CO 
[R-C(CN):]- 
. C.H,-C(CN)SNO-ONa (nitration 
No. 22): 


KHCO,-soluble : R-CO,.H 
R-C-CN 


or 
KHCO,-insoluble- O—-N-OH 
R-CO-CN 
[R-C(CN):], 
. C,H,-C(CN):NO-ONa (nitrations 
Nos. 23, 24): 


KHCO,-soluble : R-CO,H 
KOH-soluble less { R-C-CN 


ie 
o—N-on 


KHCO,-soluble 
Insoluble fR*CO-CN 
[R-C(CN)?], 


* Original substance. 
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TABLE II. 


ae Nuclear substitution, mol. %. 
ation Parts of acid Unsub- Nitro- 0-)- . 
No. and density. Temp. and time. stit. m-Br. m-Br. O;. 
(1) PBCN. 
52; 1-480 
13 


WOVEN CD CO me OT 

Oe CO ao Om > 
* e et tt 

Bees tm 


oa 
J 


14805  12°6°; 24 hrs. 


1:52 15°; 15 mins. 
1:52 —10°; 1 hr., then 
room; 15 
1500 15°; 2 hrs. 
1-490 Baker and Ingold’s 
1-490 ”» » 
(2) C,H,*C(CN):NO-ONa. 
22 8; 1:52 —10°; 1 hr., then 
room ; eA mins. 
17-4; 1-480 +14° “ 
13; 1-480 +16°: a 


(3) C.H,-CO-CN. 
25 13; 1-480 —10°; 1 hr., then 


S: 162 = 3 be. then 
room; 1 hr. 


oo 
ror 


o 


Lge ete 5 a 
Se” C2 B22 Ss 


(4) m-C,H,Br-CO,H. Unchanged. 

148; 1-480 16-2°; 7 days 0 _ — 

119 ” room; 5 weeks 0 _ - 

148 at 16-2°; 24 hrs. 48-9 _ _- 

corresponding yields by weight, together with explanatory 
remarks, will be found in the experimental part. 


V. The Constitution of Phenylbromocyanonitromethane and Othe 
Acylmethyl Halides. 


The surprising reactivity of bromine in bromomalonic esters, 
compared with bromonitroacetic esters, led Willstatter and Hotten- 
roth (Ber., 1904, 37, 1775) to propose formula (I) for the halides of 
secondary nitro-compounds and (III) for polynitro-compounés, 
(II; R’” =H) being retained for the halides of primary nitro 
compounds. 


‘Ov z On 
RS c—N-0Hal aoe (NO,),C—N:-0:NO, 


(I.) (II.) (III.) 
(IV.) (NO,),C-O-NO C(NO,), (V-) 


R” 
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Schmidt (Ber., 1919, 52, 402) then substituted for (IIT) an equili- 
brium formula (III == IV), but later (with Ascherl and Knilling, 
Ber., 1926, 59, 1876) reverted to (V) for polynitro-compounds and 
to (II) for all halogenonitro-compounds, following their discovery 
tht methyl hypobromite is added to cyclohexene in methyl- 
alcoholic solutions, not only of brominated secondary nitro-com- 
pounds, but also of tribromophenol bromide, etc., and that in 
particular dibromo- and bromonitro-malonic esters behave similarly. 
Now this similarity (‘‘ gleichartiges Verhalten ”’) was found in the 
fact that, ceteris paribus, the dibromo-ester gave 11-2% of hypo- 
bromite addition in 72 hours, whereas the bromonitro-ester gave 
788% in 24 hours (thus reacting, roughly, at a fifty times higher 
bimolecular rate). Assuming, however, that in spite of such differ- 
ences these authors’ uniform formulation of all the compounds was 
justified, then they would all be O-bromides (hypobromites), since 
for one of them, tribromophenol bromide, this constitution may now 
be regarded as definitely proved (compare Lauer, J. Amer. Chem. 
Soc., 1926, 48, 442); a conclusion which would be extremely 
improbable in the case of, e.g., dibromomalonic ester. 

Willstatter and Hottenroth thought that both forms of bromo- 
nitromalonic esters might be accessible. We suggest that some- 
times only the C-bromide may be stable, sometimes only the 
hypobromite form; in other cases both forms may exist in 
appreciable quantities in equilibrium—the relative stability of 
either being determined by the usual three factors (p, q, 
and s; compare previous papers). Celeris paribus, C-Hal and 
(-NO, are much more stable than O-Hal and O-NO, (p). 
“Negative ” substitution of C reduces this advantage (p), in the 
order NO,>CN>CO. Steric obstruction at C (eg., by C,H;) 
also reduces it (s). But if these effects happen to coincide with the 
possibility of a better affinity exchange in the O-form (q), then 
the resulting advantage may be more or less completely shifted to 
the O-form. For instance, the O-form of tribromophenol bromide, 
being benzenoid, has a better affinity exchange than the quinonoid 
isomeride. Conversely, transition of dibromomalonic ester into 
its O-form produces, in an ethylenic bond, a new centre of unsatur- 
ation. In a bromonitro-compound, however, a “double” bond is 
obviated in the O-form by means of an oxygen bridge. Similar 
considerations apply, muéatis mutandis, to transitions of the ketonic 
into the enolic forms of the corresponding hydrogen compounds. 
This may explain the observation of Thorpe and his co-workers 
(J., 1921, 149, 1203; 1922, 124, 1898), that from a C-bromide a 
hypobromite reaction was obtained in proportion to the tendency 
towards tautomerism exhibited by the corresponding hydrogen 
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compound,.* Examining the results of Schmidt’s experimenta,+ yw 
found that the hypobromites (e.g., tribromophenol bromide, bromp. 
nitromalonic ester) reacted most quickly, C-bromides incapable of 
tautomerism (¢.g., carbon tetrabromide, tribromoacetic ester) did 
not react, and other C-bromides reacted at relative rates parallel to 
the relative rates of partial transition into hypobromites which the 
considerations we have outlined would lead one to expect, I) 
Willstatter and Hottenroth’s case, a solution. of bromonitroacetic 
ester should contain, not form (II) only as they assume, but both 
C- and O-forms. We find that their own experiments confirm this 
view. Whereas one of their comparative tests—substitution of 
hydrogen for bromine by means of dry ammonia or amines—was 
not conclusive, similar abnormal reduction by potassium iodide took 
place not only with bromonitromalonic, but also with bromonitro. 
acetic ester; completely with the former (O-bromide), but only 
partly with the latter (O- +- C-bromides). 

We have applied Willstatter’s tests to phenylbromocyanonitr. 
methane and its m-nitro-derivative, in both of which dry ammonia 
rapidly and completely replaces bromine by hydrogen. m-Nitro. 
phenylbromocyanonitromethane, a well-defined crystalline material, 
can, as such, be a hypobromite only. Semi-quantitative measure. 
ments of the rate of reduction of phenylbromocyanonitromethane, 
an oil, prove that it also consists of only one form, unless the rate of 
isomerisation of any C-bromide present were almost infinitely 
greater than Schmidt’s and Willstatter’s experiments indicate. 
Both compounds are also—instantaneously and quantitatively— 
reduced by potassium iodide. For comparison, an undoubted 
C-bromide of perfectly analogous composition, viz., phenylbromo- 
malonic ester, was examined. It gave a measurable reaction neither 
with ammonia nor with potassium iodide, thus placing the hypo- 
bromite structure of phenylbromocyanonitromethane beyond 
doubt. By heating with aniline, bromine was slowly replaced, the 

* Several authors have failed to distinguish between the abnormal reduction 
of halogen compounds (by alkali iodides, amines, etc.), and normal reactions, 
such as their reduction by ordinary reducing agents (hydriodic acid, hydrazine, 
etc.) or the replacement by hydrogen of CO,R, CO,H, or CN (via CO,H). 
Although in the latter replacements reactivity depends on the same three 
factors, the nature of the reactions is normal, carbonate being normally formed 
in preference to formate. Accordingly they can occur when not only these 
groups, but also the hydrogen which replaces them, is incapable of tautomeric 
migration (e.g., elimination of carbonic acid from 2 : 4 : 6-trinitrobenzoic acid 


by mere boiling with water). 

+ Schmidt and his co-workers have recognised the existence of a hydrolyti¢ 
equilibrium, but their formulation of it, e.g., (in alcohol) (NO,),CBr + ROH 
==> (NO,),CH + ROBr, is inadequate, since it ignores the real reactants om 
either side—the bridged O-bromide and the isonitro-compound. 
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Taking 


tio of bromide to hypobromite reaction being about 6: 1. 


nts + ah : mee 
| a ‘to account the much greater reactivity of the O-bromide, it is 
eelia agin obvious that its concentration in equilibrium with the 


(bromide must be exceedingly small. 

Our finding that the “true” form of phenylcyanonitromethane, 
or which we postulate an equilibrium between the usual nitro- and 
the bridge formulation, can change to benzoic acid without passing 
through the isonitro-form supports our conception of the presence of 


=~ 


ut: both Me! bridged constituent. More conclusive proof which we have 
irm this obtained will be presented in connexion with other work.* 
ition. of 


VI. Interpretation by Theories of Aromatic Substitution. 


The transformation of phenylbromocyanonitromethane into its 
m-bromo-isomeride constitutes, we believe, the first proved case 
of intramolecular m-migration of a lateral substituent. It makes it 
probable that the change of benzoyl nitrate into m-nitrobenzoic 
acid observed by Francis (Ber., 1906, 39, 3798) and of tribromo- 
phenol bromide into tetrabromophenol (Benedikt, Annalen, 1879, 
199, 132) are also intramolecular and, together with the almost 
exclusive extramolecular m-nitration of phenylbromocyanonitro- 
methane, proves that the law governing direct and indirect m-sub- 


pasure 

thane, § stitution is the same—just as one and the same law has long been 
rate of @ known to apply to direct and indirect substitution in the o- and 
initely | P-positions. m-Substitution in these cases agrees with our theory 
licate, § of affinity distribution, as well as with Robinson’s electronic theory ; 
vely— with the former because of the postulated inversion of the directive 
ubted & effect of methyl through the affinity demand of tervalent nitrogen ; 
romo- @ and with the latter in view of the postulated electron shift toward 
either § the “ negative ’’ groups. 

hypo- Again, the essentially exclusive p-substitution of phenyleyano- 
»yond isonitromethane follows, according to our theory, from the greatly 
1, the enhanced residual affinity of the methyl carbon. It can also be 


reconciled with Robinson’s views on the assumption that nitration 
(even with acid of d 1-52) occurs essentially only in a—temporary— 
conjugated phase, and not in the—relatively permanent—normal 


O,H). § phase in which the electron shift would cause m-substitution as 
and above. 
ei Lastly, several mechanisms in accordance with either theory can 


be devised for the partial oxidation of phenyleyanonitromethane to 


* Branch and Jaxon-Deelman (J. Amer. Chem. Soc., 1927, 49, 1765) allot 
the bridge form to the isonitro-compound, and the nitronic formula to its 
salt (ion). In Part X of this series we shall give definite experimental proof 
that this view is untenable, and shall show that these authors’ experiments 
afiord valuable proof for our own formulation. 
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p-nitrobenzoic acid and for the partial thermal decomposition gif. 
phenylbromocyanonitromethane into p-nitrobenzoyl cyanide; by 
none can be proved at present. 


EXPERIMENTAL. 


In the first series of nitrations, the old tedious method of separ. 
ating the acids by fractional crystallisation was used. When jt 
was found that bromo- and nitrobromo-acids were present, and that 
these precluded strictly quantitative separations, our new metho 
was evolved and applied in a further series of nitrations. Then th 
unexpected discovery that oxidation was accompanied by furthe 
p-nitration made it necessary to repeat all the nitrations and oxidix 
the products by a new method, so that altogether 61 nitrations ani 
separations were carried out. We shall—apart from a few special 
cases—confine ourselves to recording full data of the final series only, 

I. Methods.—{1) Preparation of phenylbromocyanonittromethan, 
(a) To an ice-cooled solution of sodium phenyleyanoisonitromethan 
(1 part) in water (5—6 parts), bromine (0-86 part; 0-99 equiy,) in 
saturated, ice-cooled aqueous solution was added all at once, with 
stirring. Average yield = 1-275 parts of phenylbromocyanonitn. 
methane = 97 mol.%. 

(b) To the salt (1 part) in water (20 parts), bromine (0-7 part; 
0-8 equiv.) in water (70 parts) was added at 0° during 45 minutes 
with mechanical stirring. 

(c) With hypobromous acid: To the salt (3-68 parts) in water 
(100 parts), a solution of potassium hydroxide (2-24 parts) and 
bromine (3-20 parts) in water (180 parts) was added at 0°, followed 
rapidly, with mechanical stirring, by concentrated sulphuric acid 
(1-96 parts) in water (50 parts). Yield 4-43 parts of phenylbromo- 
cyanonitromethane = 92 mol.%. 

In all cases the precipitated oil was extracted with pure ether, 
and the dried ethereal solution evaporated without heating. Beyond 
variations in the yellow colour, no differences could be detected 
between these different preparations, but method (A) was used 
throughout, except for nitration No. 18, where method (C) wa 
employed. An attempt to prepare phenylbromocyanonitromethane 
from the free isonitro-compound by adding, at 0° and with good 
stirring, 0-367 g. of 10% sulphuric acid to 1-38 g. of the salt in 
138 c.c. of water, and then at once, to the still clear solution, 120c.¢. 
of 1% aqueous bromine, yielded a product containing only 27:4% d 
bromine instead of 33-2%. 

(2) Nitration. During addition of phenylbromocyanonitto- 
methane to the nitric acid the temperature was not allowed to rise 
more than 1°. The mixture was poured on 270 parts of chopped 


THE LAWS OF AROMATIC SUBSTITUTION. PART VII. 471 


ice per part of phenylbromocyanonitromethane used and was 
extracted with 54 parts, then again with 27 parts, of pure ether, and 
the extract was washed four times with 18 parts of water—or, 
where the acids were extracted, only twice with water and twice 
with an excess of concentrated aqueous potassium bicarbonate— 
‘Mi then at once dried and evaporated at the ordinary temperature. 

(3) Determination of bromine. (a) In the side chain: 1 Part of 
nitrated oil in 20 parts of benzene was shaken with 4 parts of 
potassium iodide in 20 parts of water and immediately titrated with 
N/10-thiosulphate, starch being added when the solution had become 
very light brown, and the mixture being well shaken during titration. 
With pure phenylbromocyanonitromethane and m-nitrophenyl- 
bromocyanonitromethane there was no need to dissolve the pro- 
duct in benzene before treatment. (b) In the nucleus: In the 
acids obtained by oxidation, bromine was determined by the Carius 


method. 
(4) Oxidation. Method A: 1 Part of the nitrated material was 


heated with 1-13 parts of permanganate in 34 parts of water; as 
soon as the mixture boiled, 0-38 part of caustic soda in 9-5 parts of 
water was added. On decolorisation, further permanganate was 
added in lots of 0-38 part until the colour persisted after 3 hours’ 
boiling. 

Method B : 1 Part of the nitrated material was treated on a shaking 
machine with 7-76 parts of 10% aqueous caustic potash and 7-76 
parts of water for 1 hour, and then, after dilution to 120 parts, boiled 
with 2 parts of permanganate. The end-point was reached as 
in method A. 

Method C: Exactly as B, except that shaking was continued for 
3 hours. 

Method D: The same, but with 6 hours’ shaking. 

Throughout, the acids were brought to constant weight at 50°. 

(5) Determination of the different nitro-acids. The method we 
have evolved is so simple, accurate, and of such general applicability 
that we describe it in a separate communication (Part VI; preceding 
paper). Here it suffices to say that benzoic and m-bromobenzoic 
acids are together recovered as such (see Part VI for calculation of 
their molecular percentages); that p- and o-nitrobenzoic acids are 
together weighed as 2:4: 6-tribromoaniline, and m-nitrobenzoic 
acid as 2:4: 6-tribromo-3-aminobenzoic acid, whereas 4-(and/or 
2-)nitro-3-bromobenzoic acid is weighed as tribromoaniline derived 
from a separate fraction. 

II. Results of the Nitrations—Table III contains the actual 
weighings in connexion with all nitrations where oxidation was 
carried out by a method precluding re-arrangement. This applies 
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to all oxidations by methods C and D, also by method B when 
applied to 10-day nitrations (where little material capable of re. 
arrangement survived), and by method A in the case of complete 


nitration. Beside these, nitrations 4, 8,13, and 15, where oxidation}, 


involved some, but relatively little, migration, have been included 
for comparison; the corresponding yields of ssinnennalied 
(marked with asterisks), when compared, respectively, with those of 
Nos. 3,7, 12, and 14, show the amount of migration during oxidation, 
In Table II, the corresponding figures with asterisks represent the 
true molecular p(o)-nitration as determined by Nos. 7, 12, and 14, 


respectively, and have been used in calculating the remaining 
molecular yields in Nos. 8, 13, and 15. A bar in the tables signifies 
that a determination was not carried out. The experimental con. 
ditions for each nitration in Table III are to be found under the 
corresponding numbers in Table II. 

The recovery of material after nitration was practically 


quantitative throughout; but since the time during which the s| 


viscous oils produced from phenylbromocyanonitromethane by§: 


treatment with nitric acid of d 1-480 could be kept in a vacuum 
desiccator was limited by their tendency to lateral decomposition, 
traces of ether were sometimes retained, and therefore the potassium 
iodide determinations of lateral bromine in the nitration products 
are only approximately quantitative; all other determinations are 
unaffected, since they depend only on the acids. 

The purity of the compounds obtained by reduction and bromin- 
ation of the acids was always checked by melting- and ‘“ mixed” 
melting-point determinations. For tribromoaniline from p(o)-nitro- 
benzoic acid, melting points ranged between 113—117° and 118— 
119° (m. p. of pure substance, 119—120°); for tribromoaniline 
from bromonitrobenzoic acid, between 105—110° and 114 to 117’; 
and for tribromoaminobenzoic acid (when more than traces were 
obtained), between 164—167° and 170—171° (m. p. of pure acid, 
170-5°). The m. p. of the benzoic acid naturally varied with its 
content of bromobenzoic acid ; for example, in No. 4 (brief nitration) 
the acid melted at 117—119° (m. p. of pure acid, 121°). 

The percentages of nuclear bromine for Nos. 1 and 5 were obtained, 
respectively, from duplicate nitrations 2 and 6. 

In No. 17, 5-300 g. of pure m-nitrophenylbromocyanonitro- 
methane were first separated by recrystallisation of the solid portion 
(9-063 g.) of the nitration product, and corresponding fractions of the 
oily portion (0-669 g.) and the material from the mother-liquor 
were then oxidised together. In a duplicate nitration, 0-400 g. 0 
oil and 3-856 g. of solid (m. p. 67—69°) were obtained, yielding 
2-086 g. of pure m-nitrophenylbromocyanonitromethane. From the 
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oxidation-acids of the remainder, 15-9% of p-nitrobenzoic acid was ¥; 


isolated, corresponding to 7—8 mol.% of pure p-acid on the whole 
nitration product. o-Nitration must therefore be negligible. 

In No. 22, the composition of the acids (only 0-277 g., m. p, 
227—231°) given had to be based on the analysis of the acids jn J 
No. 24, of equal melting point. 

No. 22 was duplicated, but with addition of 1 g. of sodium nitrite 
to the nitric acid to see whether the proportion of acids produced 
during nitration was due to the content of nitrous acid. This js 
not the case, since only 0-253 g. of acids (m. p. 222—227°) was 
formed. In a duplicate of No. 9, but at 16-2° instead of 12-6°, and 
with 0-3 g. of sodium nitrite per g. of phenylbromocyanonitr. 


methane added, there was a slightly higher acid formation (2-4% of ff, ; 


the weight of phenylbromocyanonitromethane, against 0-8% ing, 
No. 9). 

In a triplicate of No. 22 and in a duplicate of No. 23, after removal 
of acids in bicarbonate, the remainder, in benzene, yielded a pr.® 
cipitate of ammonium salt, and its KOH-soluble portion gave aff, 
KI-soluble hypobromite; the presence of much material with af; 
unaltered side chain (see Table II) thus being confirmed. 

In No. 24, to correlate the molecular percentages of the acid 
fractions produced during nitration and by oxidation, a normal 
oxidation yield of 85% of the theoretical was taken as a basis. 

In Nos. 25 and 26, oxidations were carried out with a 1:6) 
permanganate solution as described in Part V of this series. 

In No. 25, the yield of 4-293 g. was separated into 3-651 g. of pur 
unchanged benzoyl cyanide (m. p. 33—34°) and a partly oily fraction, 
only the latter being submitted to oxidation. 

In Nos. 20 and 21, the nitration products, instead of being shaken § 
with bicarbonate, were extracted five times with sodium carbonate §, 
according to Baker and Ingold’s directions, but even so, not 10°, & 
as they state, but only 1 to 2% of acids were obtained. 

In Nos. 27, 28, and 29, the traces of m-nitro-compound (marked 
were presumably recovered as tetrabromo-m-aminobenzoic acid. 
The percentage of this in No. 29 had to be deduced from Nos. 27 and 
28. The m-bromobenzoic acid used, after repeated crystallisation, 
always had the (usually obtained) m. p. of 152—153° (not 155°; 
Wheeler and McFarland). 

In No. 13, the 0-390 g. of benzoic, etc., acids yielded, by fractional 
recrystallisation from water, 0-160 g. of m-bromobenzoic acid 
(m. p. 1483—145°; mixed m. p. 152-6—153°) and, on further recrys- 
tallisation, 0-045 g. melting at 148—156° (nitrobromo-acids; 
m. p. depression with m-bromobenzoic acid). The 0-160 g. d 
m-bromo-acid isolated, although not quite pure, represents quitt 
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5% of the total unnitrated bromo-acid formed. In a duplicate 
if No. 13, on 8-353 g. of phenylbromocyanonitromethane, the oily 
tration product, on standing, deposited first nitration acids, from 
hich, by 50% methyl alcohol, 0-2 g. of m-bromobenzoic acid 
im. p. 147—150°; mixed m. p.) was obtained, and then crystals, 
n.p. 167—180°, yielding on treatment with benzene 0-1 g. of p-nitro- 


ite Mhenzoic acid (m. p. 190—200°; mixed m. p.). 


In Nos. 10 and 11 (figures for No. 11 in brackets), the KI-insoluble 
portion from 3-986 (4-475) g. of the nitration product yielded, by 
method D(C), 1-259 (1-545) g. of acids containing 23-44 (26-1)% of 
bromine. Of these, 0-900 (1-000) g. gave 0-581 (0-693) g. of benzoic+- 
omobenzoic acids, 0-035 (0-045) g. of tribromoaniline from p-nitro- 
wid, 0-331 (0-322) g. of tribromoaniline from nitrobromo-acid, 
ind 0-030 (0-035) g. of tribromo-m-aminobenzoic acid. Before 
nxidation, the material smelled strongly of benzoyl cyanide. 

The diluted spent acids from two nitrations with 13 parts of 


-Mhitric acid of d 1-480, one at 15° for 24 hours, the other at 16-2° for 


raction, 


shaken 
rbonate 
ot 10%, 


irked j} 
ie acid, 
27 and 
isation, 
t 155°; 


days, gave with silver nitrate at first only a faint cloudiness, but 
in the course of several minutes a very material precipitation of silver 
bromide. Since bromine reacts instantaneously under similar 
onditions, this test appeared to confirm the postulated presence of 
hypobromous acid. 

III. Other Observations.—1l. Purity of phenylbromocyanonitro- 
thane. Repeated oxidations of phenylbromocyanonitromethane 
by method C (p. 471) yielded benzoic acid containing from 0-40 to 
1.57% of halogen, calculated as bromine, so that phenylbromo- 
yanonitromethane (prepared by method A; p. 471) contains 0-20 
00-29%. This is, at least partly, due to re-arrangement in ethereal 
solution (see below) during its preparation, but there may, in 


mddition, be a trace of nuclear bromination during the action of 


bromine on the sodium salt. The salt we used contained only 
066°, of chlorine (derived from a trace of nuclear chlorine in the 
benzyl chloride from which it was made), which accounts for 
085° in phenylbromocyanonitromethane, calculated as bromine. 

The potassium iodide method showed an average content of 
hypobromite-bromine of 992% of the theoretical for the samples of 
phenylbromocyanonitromethane used in the recorded experiments, 
with variations between 98-8 and 99-4%—except in No. 18 
phenylbromocyanonitromethane made by means of hypobromous 
wid : KI-soluble Br, 98-0%). 

2. Volatility and stability of phenylbromocyanonitromethane. The 
substance (3-623 g.) was dissolved in 45 c.c. of commercial 
‘absolute ” ether (d 0-717) and, after the ether had been removed 
by a. current of dry air, was brought to constant weight in a vacuum ; 
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loss, 0-019 g.=0-52%. The percentage of mobile bromine, 
originally 99-4, was finally 98-6. 

When phenylbromocyanonitromethane was left for 1 week jp 
a desiccator over caustic potash, at atmospheric pressure, the mobile 
bromine decreased by 2%, but the percentage of nuclear bromine 
determined after oxidation showed no measurable change. 

3. Re-arrangement of phenylbromocyanonitromethane in ether. The 
substance (6-330 g.), in 63-2 c.c. of ether (carefully dried over sodium), 
was left for 48 hours at room temperature. Whereas initially 
2-133 g. of the phenylbromocyanonitromethane had yielded 0-954 g 
of acids containing 0-40°% of bromine, 5-080 g. of the recovered 
phenylbromocyanonitromethane gave on oxidation by method ( 
2-356 g. of acids containing 1-60% of bromine, corresponding to a 
migration of 0-6% of bromine, involving a re-arrangement of 1-89 
of the phenylbromocyanonitromethane. Simultaneously the mobile 
bromine decreased from 98-8% to 97-0%. 

When phenylbromocyanonitromethane was treated in exactly 
the same way, except that 93% of its weight (= 1-7 equivs.) of benzoyl 
cyanide was initially added to the solution in ether, 0-48°% of the 
bromine migrated in 48 hours; there was therefore no bromination 
of benzoyl cyanide. 

4. m-Nitrophenylbromocyanonitromethane. The solid portion, 
amounting to over 90°% of the total nitration products, obtained with 
nitric acid of d 1-52, and melting usually at 67—-69°, was dissolved in 
a little cold benzene and allowed to crystallise after addition of 
petrol; 55—60% of the solid was thus recovered as pure m-nitro. 
phenylbromocyanonitromethane, white needles, m. p. 70—705°, 
which did not change on further recrystallisation (Found : N, 14-90; 
Br by the Carius method, 27-78; Br by treatment with potassium 
iodide, 27-5, 27-6. C,H,O,N,Br requires N, 14-69; Br, 27-96%). 
For proof of the position of the nitro-group, see below. 

5. Reduction of phenylbromocyanonitromethane and its m-nitro- 
derivative by potassium iodide, potassium hydroxide, or ammonia. 
That treatment with potassium iodide (see I, 3; p. 471) actually 
yields the potassium salt of the corresponding isonitro-compound 
was proved by reconverting this salt into the hypobromite. For 
example, the aqueous solution of the salt obtained from m-nitro- 
phenylbromocyanonitromethane by treatment with sodium iodide 
gave, after removal of the iodine in benzene and gradual addition of 
a little less than the theoretical amount of a 1% bromine solution at 
0°, a precipitate of m-nitrophenylbromocyanonitromethane (m. p. 
67—68° ; mixed m. p.) amounting to 85% of the theoretical quantity, 
calculated on the bromine used. 


With an excess of 10% aqueous caustic potash, phenylbromo- f 
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evanonitromethane and its m-nitro-derivative rapidly gave, on 
shaking, solid isonitro-potassium-salt, which dissolved on addition 
of water. 

Sodium carbonate in concentrated solution did not react 
immediately with phenylbromocyanonitromethane on shaking, but 
reacted partly on standing for a week. 

Phenylbromocyanonitromethane in ether, when shaken with an 
excess Of 10%, aqueous ammonia, reacted rapidly with a strong 
evolution of gas (presumably nitrogen). Solid m-nitrophenyl- 
bromocyanonitromethane reacted similarly with aqueous ammonia, 
practically everything going into solution. 

Baker and Ingold, who used potassium hydroxide to nearly 
neutralise their nitration mixture, thereby presumably reduced 
some of the supernatant material; this would account for their low 
nitration yields, which they attributed to oxidation. 

Dry ammonia gas, passed into a benzene solution of phenylbromo- 
eyanonitromethane, precipitates most, but not nearly all, of the 
material in the form of the isonitro-ammonium salt, together withsome 
ammonium bromide derived from the decomposition of nitrogen 
bromide, entirely in accordance with Willstatter and Hottenroth’s 
observations on bromonitromalonic esters. We found, however, 
that the incompleteness of the precipitation is merely due to 
solubility or dissociation of the ammonium salt in benzene, since 
separation from petrol is practically complete. The precipitate was 
removed at intervals of 4 minutes, and the filtrate brought to its 
original volume, dry apparatus of approximately constant dimen- 
sions being used throughout. The precipitates were brought to 
nearly constant weight in a vacuum, and the bromide ion in each 
was determined and deducted as ammonium bromide. Thus 
2063 g. of phenylbromocyanonitromethane in 60 c.c. of petrol 
(b. p. 30—50°) gave 0-889, 0-348, 0-269, and 0-114 g. at 4-minute 
intervals and finally 0-112 g. in 30 minutes: total, 1-732 g. of 
ammonium salts; the excess of 0-209 g. over the theoretical quantity 
being due to occluded solute. The ammonium bromide pre- 
cipitates amounted to 0-372 g., and the petrol finally retained 
0-078 g. of solute. In two other experiments, 2-026 g. of phenyl- 
bromocyanonitromethane gave 1-859 g. of ammonium salt (theory 
requires 1-505 g.), and 1-686 g. gave 1-481 g. (theory, 1-252 g.), whereas 
0-604 g. of phenylbromocyanonitromethane made with hypo- 
bromous acid gave 0-438 g. (theory, 0-448 g.) in 30 minutes. For a 
two-phase reaction, and allowing for occlusions, the rate of change 
follows the mass law sufficiently to preclude the initial presence 
of an appreciable proportion of a relatively inert .isomeride. 


m-Nitrophenylbromocyanonitromethane (0-500 g.), dissolved in 
R 
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10 c.c. of dry benzene, gave with dry ammonia in 2 minutes 0: 365 g 
of ammonium salt and 0-052 g. of ammonium bromide, Th 
filtrate, evaporated in a vacuum and redissolved in 3 c.c. of benzene 
gave 0-013 g. of ammonium salt and 0-010 g. of ammonium bromit - 
total ammonium salt, 0-378 g. (theory requires 0-389 g.). 

0-50 G. of crude m-nitrophenylbromocyanonitromethane (m, p. 
67—69°) in 10 c.c. of benzene, after prolonged treatment withi’ 
ammonia gas, gave 0-455 g. of precipitate; the filtrate retained 


0-027 g. of an oil. A filtered solution of the 0-455 g. in 20 ce, gf 


water, treated at 0° with an excess of 3% aqueous bromine, gay 
0-372 g. of m-nitrophenylbromocyanonitromethane (shrinking at 
67°, m. p. 69—70°; mixed melting point), thus proving that dry 
ammonia produces the ammonium salt of m-nitrophenyleyanoiw. 
nitromethane. 

6. Decomposition of phenylbromocyanonitromethane by heat alone. 
One of us (loc. cit.) had stated that phenylbromocyanonitromethan 
decomposes “at water-bath temperature’; Wislicenus and 
Schafer (loc. cit.) then gave ‘‘ about 55°” as the decomposition 
point with strong gas evolution. A number of samples prepared 
by methods (a) and (b) (p. 470) have now been examined. ll the? 
samples gradually darkened, but evolution of gas first occurred at 
72—78° with slow heating, and at 80—83° in a bath pre-heated to 
75°; a further rise of 2—3° made the evolution violent. 

Quantitative tests : (a) Phenylbromocyanonitromethane (3-740 g) 
was heated at 90—100° until the gas evolution had ceased, and the 
residue was shaken for 1 hour with 60 c.c. of cold 5% aqueow 
potassium hydroxide, and oxidised with a 1:60 permanganate 
solution. The acids (1-739 g.) contained 0-47°% of bromine, that is, 
no more than acids obtained from phenylbromocyanonitromethane 
by oxidation method C (p. 471), so that no bromine had migrated 
during decomposition. 1 G. of the acids gave on reduction, ete., | 
0-869 g. of benzoic acid and 0-209 g. of tribromoaniline. 

(b) Phenylbromocyanonitromethane (24 g.), similarly heated, 
left a residue of 12-50 g. At 4 mm. pressure this gave a distillate 
of 9-38 g. of benzoyl cyanide (m. p. 32—34°) and a residue of 2-30¢., 
which, on recrystallisation from petrol (b. p. 100—120°), yielded 
1:150 g. of p-nitrobenzoyl cyanide (m. p. 114—115°) + 0-178 g. 
(m. p. 104—108°); the mother-liquor contained some _ benzoyl 
cyanide. 

(c) Phenylbromocyanonitromethane (19 g.) was treated as under 
(b), but the residue in the flask was distilled (at 100—120°/4 mm.) 
before recrystallisation from petrol (b. p. 60—80°). Distillate, 
0-9 g.; m. p. 103—108° before and 115—116° after recrystallis- 
ation. 


tad 
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(d) Phenylbromocyanonitromethane (15 g.) was treated as under 
«), except that decomposition was effected in an atmosphere of 
+, '‘Marbon dioxide. The crude distilled p-nitrobenzoyl cyanide 

Ba. p. 101—106°) weighed 0-8 g. The constant m. p. after recrys- 
llisation was 115-5—116° (Found: N, 16-28, 16-08. Cale. for 
bad (,H,O5Ny : N, 15-91°,). The result shows that the oxygen needed 
for the formation of p-nitrobenzoy! cyanide does not come from the 


air. 
p-Nitrobenzoyl cyanide has already been obtained, by another 


method, by Zimmermann (loc. cit.), who gives the melting point as 
116°5°, We found that atmospheric moisture gradually changes it 
to p-nitrobenzoic acid. 

7. Decomposition of m-nitrophenylbromocyanonitromethane by heat 
alone. This substance begins to evolve gas slightly above its melting 
point, or, on prolonged heating, even at its melting point. 
Quantitative tests: 8-00 g. heated to constant weight, at about 
95°, in a long-necked flask provided with a calcium chloride tube, 
showed a loss of 2-70 g. The product, distilled at 7 mm. pressure, 
gave 4:60 g. of m-nitrobenzoyl cyanide, distilling at 144—146°, 
and 0:65 g. of residue, from which alcohol extracted 0-468 g. of a 
semi-solid of high bromine content, leaving 0-106 g. of a bromine- 
free solid melting above 200°. 

m-Nitrobenzoyl cyanide was obtained by us as a light yellow oil 
(Found: N, 15-98. Cale. for C,5H,O,N,: N, 15-91%). Like its 
p-isomeride, it is gradually hydrolysed to the corresponding nitro- 
benzoic acid by atmospheric moisture. 1-116 G., when boiled with 
4 ¢.c. of 10°% sulphuric acid for 3 hours, gave 1-058 g. (quantitative 
yield) of m-nitrobenzoic acid (m. p. 138-5—139°; mixed m. p.). 

8. Changes in presence of heated aqueous permanganate. (a) 
_§ Phenylbromocyanonitromethane (4-255 g.) was heated with 4 g. 

a of permanganate in 240 c.c. of water for 1 hour, then with a further 
2 g. of permanganate for 3 hours. The acids formed (1-776 g.) 
contained 0-85°%% of bromine; 1 g. thereof gave on reduction, etc., 
0-794 g. of benzoic +- bromobenzoic acids and 0-316 g. of tribromo- 
aniline, and therefore consisted of 2-1% (by weight) of bromo- 
benzoic, 16-0° of p(o)-nitrobenzoic, and 81-9°% (by difference) of 
benzoic acids. Ina parallel test, 5-530 g. of phenylbromocyanonitro- 
methane gave 2-369 g. of acids containing 0-91°% of bromine, of 
which 1 g. yielded 0-804 g. of benzoic + bromobenzoic acids and 
0334 g. of tribromoaniline. 

(b) Phenyleyanonitromethane, obtained from 2 g. of its sodium 
salt, dissolved in water, and 10-9 c.c. of N-sulphuric acid, was, after 
dilution to 120 ¢.c., boiled with 2 g. of permanganate until this was 
decolorised, and then with a further 2 g. for 2 hours. The acids 


480 FLURSCHEIM AND HOLMES: 


(1-503 g.) yielded 1-147 g. of benzoic acid and 0-549 g. of tribronp. 
aniline, corresponding to 18-5% (by weight) of p(o0)-nitrobengoic ff 
acid. 

(c) The ammonium salt of phenyleyanoisonitromethane, obtained 
by passing dry ammonia for 20 minutes through a petrol solution of 
phenylbromocyanonitromethane, gave with a 1:60 solution of 
permanganate 0:403-g. of acids yielding 0-030 g. of tribromoaniline 
corresponding to 3-75% (by weight) of p(o)-nitrobenzoic acid. | 

(d) The potassium salt of phenyleyanoisonitromethane, obtained 
by completely dissolving 3-228 g. of phenylbromocyanonitr. 
methane by shaking it for 15 minutes with 50 c.c. of 5% aqueous 
potassium hydroxide and diluting the solution to 240 c.c., was 
oxidised by boiling with 4 g. of permanganate. The 1-434 g. of 
acids obtained yielded, besides benzoic acid of 0-57% bromine 
content, only 0-005 g. of tribromoaniline, corresponding to 0-179, 
(by weight) of p(o)-nitrobenzoic acid. 

(e) Phenylbromocyanonitromethane in the presence of foreign 
matter gave on treatment with permanganate a higher degree of 
p-migration than phenylbromocyanonitromethane alone. For 
example, the phenylbromocyanonitromethane-—benzoyl cyanide 
mixture recovered from the experiment described under (3) (p. 476) 
was oxidised (5-345 g.), as in 8 a (p. 479), to 3-763 g. of acids, 14. 
of which yielded 0-881 g. of benzoic acid and 0-200 g. of tribromo. 
aniline, corresponding to 27-4% (by weight) of p(o)-nitrobenzoic 
acid calculated on the proportion of the acids corresponding to the 
phenylbromocyanonitromethane in the original mixture. 

Again, the earlier nitration mixtures, oxidised by method A 
(p. 471) (oxidation of phenylbromocyanonitromethane in presence 
of products with an altered side chain), gave yields of tribromo- 
aniline, of which the following are examples: nitration analogous 
to No. 1, 0-667 g. of tribromoaniline per g. of acid; analogous to 
No. 3, 0-671 g. of tribromoaniline; analogous to No. 3, 0-700 g. of 
tribromoaniline; analogous to No. 8, 0-513 g. of tribromoaniline. 
Phenyleyanonitromethane also gave more tribromoaniline when 
oxidised by method A in presence of admixtures; for instance, the 
benzene layer from the potassium iodide reaction of a nitration 
product obtained according to No. 8 gave, after oxidation by 
method A, 0-596 g. of tribromoaniline per g. of acid, and 0-850 g. 
in the case of a nitration with 13 parts of nitric acid of d 1-480 at 
— 11° for 1 hour and then at 15° for 15 minutes. The latter 
nitration yielded a nitration product giving, by method A, acids 
containing 38-2% of p(o)-nitrobenzoic acid, from which 26-2%, 
(by weight) of p-nitrobenzoic acid (m. p. 228—232°) was isolated: 
22°), m. p. 225—230°, was obtained in a duplicate nitration, and 
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m-nitro-benzoic acid. Since the amount of benzoic acid was found 
considerably to exceed that of its p-nitro-derivative, it appeanfl. 
difficult to account for Baker and Ingold’s analysis of their oxidatioy 
product (49°6% of carbon, nitrobenzoic acid requiring 50°3, and 
benzoic acid 68-8%). 

10. Changes in concentrated sulphuric acid. (a) m-Nitrophenyl. 
bromocyanonitromethane (0-4 g.), dissolved in 5 c.c. of concentrated 


sulphuric acid, immediately turned pale blue and became brow. 


after 5 minutes. A solution of 1 g. in 10 c.c. of concentrated sul. 
phuric acid, after being left for 24 hours at room temperature, was 
poured on ice (gas evolution) and extracted with ether ; 0-711 g. was 
obtained which yielded, by two recrystallisations from benzene, 
0-172 g. (m. p. 143—144°; depression with m-nitrobenzoic acid) 
(Found: N, 7-4. Cale. for m-nitrophenylglyoxylic acid, C,H;0,N;: 
N, 7:2%). In another similar experiment, 33% (by weight) of the 
m-nitrophenylbromocyanonitromethane was recovered as m-nitro- 
phenylglyoxylic acid, m. p. 141—143°, and 144—145° after one 
recrystallisation from benzene containing a little alcohol. The acid 
gave the characteristic thiophen test. We obtained the same acid 
by leaving 1-970 g. of m-nitrobenzoyl cyanide with 10 c.c. of hydro. 
chloric acid (d 1-195) at room temperature for 48 hours and filtering 
off the crystals. Yield 1-710 g., m. p. 189—143°; by recrystallis. 
ation from benzene -}+ 20% of alcohol, 1-32 g. of colourless prisms, 
m. p. 144:5—145°, were obtained. The pure acid had hitherto not 
been obtained. p-Nitrobenzoyl cyanide, when similarly treated 
with hydrochloric acid, yields, not p-nitrophenylglyoxylic acid, but 
pure p-nitrobenzoic acid. 

(b) Phenylbromocyanonitromethane (0-34 g.) in 5 c.c. of con 
centrated sulphuric acid was red at first and changed within j 
minutes through deep purple to deep blue, in another 15 minutes to 
greenish-blue, in another 20 to deep green, in a further 50 minutes to 
deep brown. 0-502 G. of phenylbromocyanonitromethane in 5 c.. 
of concentrated sulphuric acid gave after a few hours a distinct test 
for benzoyl cyanide (odour on diluting a few drops of the solution); 
after 22 hours, 0-271 g., m. p. 60—65°, was extracted by ether from 
the solution, poured on ice. 1-017 G. of phenylbromocyanonitro- 
methane in 8 c.c. of concentrated sulphuric acid was left for 18 days, 
and water was then slowly added without cooling (gas evolution). 
Filtration of the cold liquid left 0-441 g. of benzoic acid (m. p. 
105—110°; mixed m. p.) and extraction of the filtrate with ether 
gave 0-111 g. of less pure benzoic acid (m. p. 95—102°). Since, on 
similar treatment, some benzoic acid (m. p. 112—114°) was obtained 
from the above product of m. p. 60—65°, the latter consisted, no 
doubt, essentially of phenylglyoxylic acid (m. p. 65—66°). 
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(c) The sodium salt of phenylcyanoisonitromethane (0-5 g.) in 
5c.c. of concentrated sulphuric acid gave at once a bright blue 
wlour, changing within 5 minutes to purple, blue-green, green and 
dlive-green, and within an hour to brown. On pouring the liquid 
into water after 48 hours and extracting the solution with ether, 
312 g. of a dark brown, oily substance was obtained which, by 
sublimation at 90—100°, gave impure benzoic acid (m. p. 93—105°; 
mixed m. p.). 

11. Reactions of ethyl phenylbromomalonate. This was prepared 
according to Wheeler and Johnson (J. Amer. Chem. Soc., 1902, 24, 
688) and distilled at 135—136° (2 mm.) (Found: Br, 25-2. Cale. 
for C,3H,,0,Br: Br, 25-4%). 

(a) Potassium iodide test: 0-309 g. of the ester in 20 c.c. of 
benzene was mechanically shaken with 2 g. of potassiun iodide in 
90 c.c. of water for 45 minutes. A mere trace of iodine was liberated, 
the colour developed with starch being discharged by a single drop 
of N/10-thiosulphate. 

(b) Ammonia test : 0-691 g. of the ester, dissolved in 60 c.c. of dry 
petrol (b. p. 30—50°), was treated with dry ammonia during 22 
minutes. An immediate slight unfilterable opalescence was pro- 
duced, but no further change. After the solution had been shaken 
with dilute aqueous ammonia, the latter gave a very slight positive 
bromine test. 

(c) Aniline test : 1-055 g. of the ester were heated at about 95°, for 
2 hours, with 3-165 g. of aniline in an atmosphere of carbon dioxide. 
The product was shaken with 100 c.c. of cold 5% nitric acid and the 
solution obtained was freed from insoluble semi-oil by means of 
benzene and treated with silver nitrate, 0-1958 g. of silver bromide, 
corresponding to 31-2 mol.% of hydrogen bromide, being precipit- 
ated. The filtrate was made alkaline with ammonia and shaken with 
ether, and the extract was washed once with water and evaporated. 
The residue contained 0-47°% of bromine (Carius), corresponding to 
approximately 5-3 mol.°% of bromoaniline, calculated on the ester 
used. 
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LXIIL—The Alkylation of a-Cyano-B-alkylacryi 
Esters and of a-Phenyl-p-alkylacrylonitriles, 


By JoHN ALEXANDER McRak and RicHarp HELMUTH Freep 
MANSKE. 


ETHYL cyclohexylidenecyanoacetate (I) (Harding, Haworth, ay 
Perkin, J., 1908, 93, 1956; Lapworth and McRae, J., 1922, 42 
2741) readily reacts with phenacyl bromide or methyl iodide j 
presence of sodium ethoxide, giving derivatives of type (II). 


(I) CH,<CHs CHD COCN CH, CH CHSC i CN at) 


H,-CH 
. CO,Et CO,Et 
(III.) C;H,,*CH,*CH:C(CN)-CO,Et 


This was thought by the former authors to furnish fairly con: 
clusive evidence of the validity of structure (II; R = H) which 
they assigned to the substance, but the products of decompositio 
were shown by the latter authors to support the formula (I). Other 
reactions of this ester were found to be in agreement with this 
structure and it was pointed out that the formation of alkyl deriv. 
atives (II) can be explained on the basis of the structure (I). Strong 
evidence has been presented by Harding, Haworth, and Perkin for 
the methyl derivative of ethyl cyclohexylidenecyanoacetate having 
a structure of type (II), but since a search of the literature dis. 
closed that these seemed to be the only genuine cases of unsatur. 
ated «-cyano-esters having the double bond in the @y-position, it 
seemed to us desirable to investigate such derivatives of «-cyano- 
-alkylacrylic esters by the methods used by Lapworth and McRae 
in their study of ethyl cyclohexylidenecyanoacetate and ethy! 
heptylidenecyanoacetate (III) in order to establish conclusively 
the structure (II) as that of these alkyl derivatives and at the 
same time to ascertain the behaviour of these substances towards 
those reagents with which the parent «$-unsaturated substances 
give characteristic results. 

This has now been done with the n-butyl and ethyl derivatives 
of ethyl cyclohexylidenecyanoacetate and with the n-butyl deriv- 
ative (IV) of ethyl heptylidenecyanoacetate. It was also our 
intention to prepare and examine in the same way derivatives of 


CH HC: CPhCN 


(IV.) (v.) 
(VI.) C5H,,°CH,*CH:CPh-CN 
the similarly constituted «-phenyl-8-alkylacrylonitriles, but in 
repeated attempts we failed to obtain any evidence that either 


C;H,,"CH:CH-C(C,H,)(CN)-CO,Et CH, 
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ycohexylidenephenylacetonitrile (V) or «-phenyl-$-hexylacrylo- 
sitrile (VI) forms alkyl derivatives. 

Qzone is rapidly absorbed by the above-mentioned three alkyl 
derivatives and the decomposition of their ozonides leads precisely 
to those products to be expected from formule (II) and (IV); 
samely, in the case of ethyl «-n-butyl-A!-cyclohexenylcyanoacetate, 
dhyl n-butyleyanoacetate and adipic acid; from the ozonide of 


ney Pan the corresponding ethyl derivative, only adipic acid was isolated ; 
‘aad de | and from the ozonide of ethyl «-cyano-«-n-butyl-A®-nonenoate (IV), 
[) the substances isolated were hexaldehyde, formic acid, and n-butyl- 
t nalonic acid. The behaviour of these alkyl derivatives in absorbing 
'N (jf bromine instantly and in giving no reaction with either potassium 
t cyanide or sodium bisulphite is in accord with their Sy-unsaturation 
and is in such marked contrast with the behaviour of the parent 
| esters towards these reagents that it must be concluded that only 
rly confl the merest trace of the By-isomeride can be present in ethyl cyclo- 
) Whick hexylidenecyanoacetate and that these two forms do not present 
Position. case of tautomeric equilibrium in which the position of equilibrium 
_ Otherfl is quickly restored if disturbed. 
ith thil The ozonisation results outlined above dispose of the suggestion 
1 deriv. og Lapworth and McRae that the sodio-derivatives might have inter 
Strong aia the structure R’*CNaR’°CR’’’-C(CN)-CO,Et. The preparation 
rkin for of the n-butyl derivative of ethyl heptylidenecyanoacetate supple- 
having ments the results of Lapworth and McRae, who failed to obtain 
ire dis benzyl and phenacyl derivatives of this substance in a state pure 
nsatar enough for characterisation, although reactions with benzyl chloride 
tion, it and phenacyl bromide in the presence of sodium ethoxide occurred 
‘Cyano-H readily. Their statement of these results has been misinterpreted 
McRae by Birch, Kon, and Norris (J., 1923, 123, 1361) to mean that no 
ethy! alkylation had taken place and a “ready interpretation,’ now 
nsivel # obviated, of this supposed failure to form alkyl derivatives was 
at thi advanced. The latter authors are of the opinion that to form 
wards these alkyl derivatives the By-phase of the «$-unsaturated «-cyano- 
tances ester is necessary and it was concluded that this was absent or 
suppressed in ethyl heptylidenecyanoacetate through a tendency to 
tives form a doubly conjugated system. If it be granted that such 
deriv: isomeric change is a necessary preliminary to alkylation, then it can 
> Ol" f take place apparently with almost equal facility in both ethyl 
res of cyclohexylidenecyanoacetate and ethyl heptylidenecyanoacetate. 
ON During the course of our attempts to alkylate cyclohexylidene- 
phenylacetonitrile we obtained further evidence in support of 
Birch and Kon’s contention (J., 1923, 123, 2440) that this sub- 
stance should have the constitution (V) rather than the Sy-structure 
t ing? (VIL) of Harding and Haworth (J., 1910, 97, 486), in that it readily 


R2 
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combines with hydrogen cyanide, forming 1- penckyeehnieia 
acetonitrile (VIII). 


CHa GRE CHOC CHPLON CHa oH? op? >C(CN)-CHPh Cy 


(VII.) (VIL) 
(IX.) O,H,,*CH(CO,H)-CHPh:CO,H 


Heptaldehyde has now been condensed with phenylacetonitrile 
giving «-phenyl--n-hexylacrylonitrile (VI); this combines. with 
hydrogen cyanide to form a dinitrile, which was not isolated but 
was hydrolysed to «-phenyl-«'-n-hexylsuccinic acid (IX). 


EXPERIMENTAL. 


Ethyl «-n-Butyl-A1-cyclohexenyleyanoacetate (Il; R = C,H,)— 
The sodio-derivative of ethyl cyclohexylidenecyanoacetate prepared 
from 19-3 g. of the ester and 2-3 g. of sodium in 50 c.c. of absolute 1 
aleohol was heated under reflux ona steam-bath for 2 hours with 
n-butyl iodide (23 g.). Water and ether were then added; the 
ethereal solution was washed with sodium carbonate solution and 
dried with calcium chloride. After evaporation of the ether the 
residue was fractionated under reduced pressure; the fraction, 
b. p. 162—165°/15 mm., on redistillation, yielded 15 g. of the pure 
ester, b. p. 163—164°/15 mm. (Found: C, 72-1; H, 9-4; N, 547. 
C,5H,,0,N requires C, 72:3; H, 9-2; N, 56%). The pure ester 
absorbed bromine readily, but eventually hydrogen bromide was 
liberated, pointing to a certain amount of substitution. Attempts 
to effect the addition of hydrogen cyanide gave only the unchanged 
ester. 

Ethyl «-Ethyl-A1-cyclohexenylcyanoacetate’ (II; R = Et).—The 
preparation of this derivative was carried out precisely as described 
above, except that ethyl iodide (30 g.) was substituted for the 
n-butyl iodide. After three distillations, 10 g. of the pure eater, 
b. p. 168°/22 mm., weve obtained (Found: C, 70:1; H, 8-5; N, 
6-7. C3H,0,N requires C, 70-6; H, 8-6; N, 63%). Its behaviour 
with bromine and with potassium cyanide is exactly ‘parallel to 
that of the butyl derivative. 

Ozonisation of Ethyl «-n-Butyl-A1-cyclohexenylcyanoacetate.—A solu- 
tion of 10 g. of the ester in chloroform was treated with a stream of 
ozonised oxygen for 15 hours; no further absorption of ozone then 
seemed to take place. The thick, syrupy residue remaining after 
removal of the chloroform under reduced pressure was warmed on 
a steam-bath for 30 minutes with 25 c.c. of 69% sulphuric acid and 
3 g. of potassium ferrocyanide. The resulting solution was re- 
peatedly extracted with ether. After being washed several times 
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+h sodium bicarbonate solution (A), the combined ethereal 
tracts were evaporated and the residue was treated again with 
alphuric acid and potassium ferrocyanide; ultimately giving 
nother extract (A) and an ethereal solution, which on evaporation 
rielded an oil (B). 

The sodium bicarbonate extract (A) was acidified and extracted 
rith ten successive portions of ether, which were united, washed 
mee with a little water, and evaporated. The oily residue, which 
radily crystallised, reduced ammoniacal silver nitrate, but did not 
Mifiect Fehling’s solution—properties in accord with those given 
by Harries (Ber., 1908, 41, 3557) for the half-aldehyde of adipic 
aid. It was evaporated to dryness on the water-bath with nitric 
aid; the residue, after one crystallisation from acetone, yielded 
3g. of adipic acid, identified by melting point (149°) and by com- 
prison with a genuine specimen (Equiv.: found, 73-1; calc., 
73:1). 

The oily residue (B) was distilled under reduced pressure and 
two fractions were collected: (i) up to 130°/15 mm. (3-8 g.), (ii) 
130—210°/15 mm. (3:8 g.). The first fraction on hydrolysis with 
alcoholic potash evolved much ammonia. After removal of the 
alcohol, the solution was acidified and repeatedly extracted with 
ether. ‘The ethereal extract on evaporation yielded 3-2 g. of an 
acid which, after recrystallisation from acetone, melted at 102— 
103°, alone or mixed with a genuine specimen of n-butylmalonic 
acid (Equiv.: found, 80-1; cale., 80-0). The formation of this 
acid and the production of ammonia establish the fact that ethyl 
n-butyleyanoacetate is one of the original products of the decom- 
position of the ozonide. 

The second fraction, of which the greater portion distilled at 
195°/15 mm., deposited a crystalline acid on cooling, which was 
separated from the oil by repeated extraction with water. The 
combined extracts on evaporation yielded 1-4 g. of pure adipic 
acid. The oil on hydrolysis with alcoholic potash yielded a further 
1:9 g. of n-butylmalonic acid. The recovery of adipic acid (4-4 g.) 
and of n-butylmalonic acid (5-1 y.) was respectively 77 and 79% 
of that theoretically possible. 

Ozonisation of Ethyl «-Ethyl-A}-cyclohexenyleyanoacetate.—Two g. 
of the ester, subjected to the action of ozone as described in the 
case of the n-butyl derivative, yielded 0-6 g. of pure adipic acid. 
There was insufficient neutral ester to make a search for ethyl- 
malonic acid feasible. 

Ethyl «-Cyano-«-n-butyl-A8-nonenoate (IV).—The ester (III) re- 
quired for this preparation was prepared by a modification of 
Lapworth and McRae’s method (loc. cit.). A mixture of 57 g. of 
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ethyl cyanoacetate and 1 g. of piperidine is cooled in salt and ic. 
and 57 g. of heptaldehyde are added at such a rate that the tem. 
perature remains below 0°. The mixture is kept in ice for 24 hours 
and then treated in the usual way. The yield of pure ester, 

at 152—154°/13 mm. rather than at 144—145°/13 mm. as previously 
recorded, is 80—84 g. 

Alkylation was effected by adding 23 g. of n-butyl] iodide to the 
sodio-derivative prepared by adding 22 g. of the ester (IV) to 
cooled solution of 2-3 g. of sodium in 50 c.c. of absolute alcohol, 
and warming the mixture gently on a water-bath for 90 minutes, 
The mixture was then poured into a large volume of dilute acid fi 
and extracted with ether, and the extract was washed successively 
with dilute sodium carbonate solution and with water. After the 
ethereal solution had been dried and evaporated, the residue was 
fractionated under reduced pressure. By combining the fractions, 
b. p. 160—180°/17 mm., from several operations and redistilling 
them, the pure ester, b. p. 154—156°/11 mm., was obtained (yield, 
10%) (Found: C, 72-4; H, 100; N, 5-7. C,gH,,O,N requires 
C, 72-5; H, 10:2; N, 53%). The sodium carbonate extract 
mentioned above gave 6 g. of a strongly acid substance on acidific. 
ation. A pure substance has not been isolated from it. The ester 
readily absorbs bromine in carbon tetrachloride solution, and 
hydrogen bromide is liberated in appreciable quantity only on 
prolonged treatment. A pure dibromo-derivative was not isolated. 

Ozonisation of Ethyl «-Cyano-a-n-butyl-A®-nonenoate (1V).—After 
a stream of ozonised oxygen had been passed into 6 g. of the pure 
ester for 35 hours, the material was heated on a water-bath for 
1 hour with 50 c.c. of 4°, sulphuric acid and then steam-distilled 
until 50 c.c. of distillate had been collected, leaving an oily mixture 
in the distilling flask (A). The distillate was shaken with sodium 
bisulphite, and an oil which remained undissolved was extracted | 
with ether (B). The aqueous bisulphite solution was made alkaline 
with sodium carbonate and distilled in steam. The distillate was 
shaken with an excess of semicarbazide hydrochloride and sodium 
acetate. A solid semicarbazone separated which was filtered off 
and cautiously washed with ether. The melting point of this 
product (0:5 g.), alone or mixed with a genuine specimen of hex- 
aldehyde semicarbazone, was 106°. Admixture with an equal 
weight of the semicarbazone of heptaldehyde (m. p. 106°) caused a 
depression of over 6°. Recrystallisation from methyl] alcohol did 
not change the melting point. 

The ethereal solution containing the oil (B) was evaporated, and 
the residue heated with alcoholic potash until evolution of ammonia 
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The acidified solution was repeatedly extracted with 
her. The ethereal solution on evaporation left a thick oil, from 
which 0-1 g. of an acid, m. p. 89°, crystallised in several days. On 
eating to a higher temperature, a gas, probably carbon dioxide, 
‘Bras evolved. The crude acid yielded an equivalent of 85 (n-butyl- 
palonic acid requires equiv. 80-0). When calcium chloride solution 
yas added to a neutral solution of the sodium salt, a crystalline 
ulcium salt was precipitated. Although insufficient acid was 
jibtained to identify it further, the authors regard this as slightly 
impure n-butylmalonic acid. 

Examination of the oil (A). Isolation of n-butylmalonic acid. 
The oil was extracted with ether, and then hydrolysed with alcoholic 
potash, ammonia being evolved in considerable quantity. From 
the product of hydrolysis, 0-6 g. of n-butylmalonic acid was isolated 
as described above and identified by its melting point, 102°, and 
its equivalent (Found, 81). 

Examination of the aqueous solution remaining in the distillation 
fask. Detection of formic acid. The aqueous solution was heated 
to expel the ether and distilled until only a small volume remained. 
The distillate (150 c.c.) was strongly acid and gave the following 
tests for formic acid: (a) The odour of ethyl formate on esterific- 
ation; (6b) reduction of mercuric chloride to mercurous chloride 
and of silver nitrate to metallic silver; (c) reduction with magnesium 
powder yielded an appreciable quantity of formaldehyde. 

Experiments with cycloHexylidenephenylacetonitrile (V).—Birch 
and Kon (J., 1923, 123, 2446) mention that this nitrile is some- 
what difficult to purify. If, however, the substance prepared by 
Harding and Haworth’s method (J., 1910, 97, 497) is carefully 
fractionated under reduced pressure, it solidifies, on cooling, to a 
§ colourless, crystalline mass, which, after being drained on tile and 
cautiously washed with ether, melts at 28° and boils at 176— 
178°/12- mm. Piperidine does not effect the condensation of 
cyclohexanone with phenylacetonitrile. 

The nitrile (19-7 g.) was added to sodium ethoxide made from 2:3 g. 
of sodium and 40 c.c. of absolute alcohol. The yellow solution was 
heated under reflux for 3} hours with 21 g. of n-butyl iodide, the 
neutral mixture poured into water, and the oil extracted with ether. 
The residue obtained from the dried evaporated extract gave 17-3 g. 
of an oil, b. p. 178—180°/13 mm., which solidified almost completely 
when cooled and seeded with cyclohexylidenephenylacetonitrile. A 
portion pressed on tile and cautiously washed with alcohol melted 
at 28°, alone or mixed with the original nitrile (Found: C, 85-5; 
H, 7-8; N, 7-1. Cale.: C, 85-3: H, 7-6; N, 7-1%). 
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The above procedure was varied by using n-butyl bromide, ethy] 
bromide, and also a large excess of sodium ethoxide, but the un. 
changed nitrile was recovered almost quantitatively. The alky] 
halide was always used up, even in the cold, whereas in the absence 
of the nitrile reaction is very slow. 

A mixture of 19-7 g. of the nitrile (V), 13 g. of potassium cyanide, 
20 c.c. of water, and 100 c.c. of alcohol was gently heated on a 
water-bath for 5 hours. The resulting brown mixture was poured 
into a litre of boiling, very dilute sodium hydroxide solution, and 
boiling continued for 20 minutes. The separated oil, which readily 
crystallised, was filtered off (yield, 18 g.), washed, and recrystallised 
twice from alcohol. It softened at 258° and began to decompose 
above 264° (Found: C, 80-4; H, 7-3; N, 12:2. C,;H,,N, requires 
C, 80-5; H, 7-1; N, 125%). Partial hydrolysis of the 1-cyano. 
cyclohexylphenylacetonitrile (VIII) could be effected by heating 
on the steam-bath for 10 hours with 90% sulphuric acid. No 
charring occurred and the mixture of amide and imide on further 
hydrolysis with potash yielded an acid which was difficult to 
purify. 

a-Phenyl-8-n-hexylacrylonitrile (V1)—Owing to the ease with 
which heptaldehyde polymerises, special precautions must be 
observed in this preparation, especially since piperidine does not 
effect the condensation. Heptaldehyde (30 g.) was slowly added 
to a solution, cooled to — 10°, prepared by adding 40 g. of phenyl. 
acetonitrile to a solution of 6-1 g. of sodium in 200 c.c. of absolute 
alcohol. The mixture was left in a freezing mixture for 6 hour, 
allowed to come to room temperature over-night, and then poured 
into dilute acid. The oil was extracted with ether, washed with 
sodium carbonate solution, and dried. The residue obtained after 
removal of the ether gave 41 g. of a fraction, b. p. 162—173°/13 
mm., which after two distillations gave the pure nitrile, b. p. 168— 
170°/13 mm. (Found: C, 84-6; H, 9-0; N, 6-7. C,;H,)N requires 
C, 84:5; H, 8-9; N, 66%). 

Attempts to add on the elements of hydrogen cyanide with subse- 
quent hydrolysis gave in one case a product which seemed to 
consist largely of «-phenyl-«'-n-hexylsuccinic acid (IX). In another 
experiment an acid, m. p. 170°, equiv. 270, was obtained (C,,H»0, 
requires equiv., 278). ‘The results show that although undoubtedly 
hydrogen cyanide is added on, the primary process of the reaction 
is very slow, giving opportunity for the occurrence of secondary 
reactions (compare Lapworth and McRae, loc. cit., p. 2747). I 
view of the uncertainty the authors deem it unnecessary to enter 
into experimental details. 
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LXIV.—On Hatber’s Glass Cell. 
By WALTER Scott HucGuHEs. 


SEVERAL workers (Hughes, J. Amer. Chem. Soc., 1922, 44, 2860; 
Kerridge, Biochem. J., 1925, 19, 611) have found that the glass cell 
described by Haber (Z. physikal. Chem., 1909, 67, 385) can be used 
to measure hydrogen-ion concentration under conditions which 
render the hydrogen electrode useless, as in the presence of strong 
oxidising agents; but difficulties sometimes arise in its use. 

The purposes of this paper are (1) to discuss certain factors 
affecting the behaviour of Haber’s cell, and the technique of making 
and using it; (2) to give experimental data explaining the mechanism 
by which the cell functions; (3) to show some results obtained by 
using the cell in various solutions the hydrogen-ion activity of 
which cannot be readily measured with the hydrogen electrode. 


I. Preparation of Bulbs ; Effect of Composition of Glass. 


The chief difficulty in the use of Haber’s cell is that it does not 
readily give reproducible results. There are several reasons for 
this difficulty. As Mrs. Kerridge (loc. cit.) has shown, there is 
always an asymmetry H£.M.F. between the two sides of a glass 
membrane in contact with the same electrolyte which may take 
several days to become constant.. This asymmetry varies even in 
different cells made from the same glass. It has also been found 
in almost every case that the change in H.M.F. of the glass cell 
corresponding to a given change in py, of the solution in contact 
with the bulb varies from cell to cell, and from day to day in the 
same cell. 

Mrs. Kerridge recommends checking all pz measurements with 
the glass cell by measuring the Z.M.F. of the cell when filled with 
astandard buffer mixture. It is still better to check the measure- 
ment of py in the solution under examination by measuring the 
E.M.F. produced by two standard buffer mixtures, one slightly 
more and the other slightly less acid than the solution; the 
required p, can then be interpolated, and errors due to both the 
above-mentioned sources will be eliminated. 
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Mrs. Kerridge also suggests the use of very thin bulbs, which no 
only conduct better and reach a constant asymmetry FMP 
sooner, but give a greater change in L.M.F. for a given change in p, 

In one of our experiments on the effect of bulb thickness, a thi 
bulb gave a change of 0-514 volt when transferred from N /1-hydm§; 
chloric acid to a M/40-sodium diborate solution of about p, 9.2 


A thick bulb only changed its #.M.F. by 0-300 volt under the sama ”° 


conditions. Moreover, it is important to blow the bulbs as rapidh 
as possible, for prolonged or repeated heating of the bulb, especially: 
if devitrification sets in, may spoil it.* Tt 

The composition of the glass has an important influence on the 
behaviour of Haber’s cell. Most workers recommend “ soft soda 
lime glass,” but different samples of such glass vary enormous 
in their suitability for this purpose, for which the glass should have 
a high conductivity; should rapidly reach a constant asymmetry 
E.M.F.; should give as nearly as possible the same change in 
E.M.F., AE,, as the hydrogen cell, AE; for a given change in p,; 
and should change its 2.M.F. as little as possible on standing in 
alkaline solutions. These properties were studied in several sample 
of glass of known composition. The results are in Table I. 

Several other samples of ordinary soft glass tubing were found to 
vary in their suitability for glass electrodes; none was better than 
793A, which was furnished by the Department of Glass ‘Technology, 
Sheffield University. The less alumina a giass contains the better 
it is for glass-cell work; also a high soda content tends to increas 
the conductivity of the glass, whereas potash seems to decrease it. 

Sample 793A had such a high conductivity that no electrostatic 
shielding whatever was necessary. In addition to the above- 
mentioned qualities, this sample had-the important property oi 
being almost unaffected by large changes in sodium-ion concen- 
tration, provided the hydrogen-ion concentration is not less than 
10-® (see Section II ). Some of the samples of glass tested by Mn. 
Kerridge (loc. cit.) were somewhat affected by the sodium-ion con- 
centration. 

After the above experiments on the effect of composition were 
completed, another sample of glass was found which was very neatly 
as good as 793A as regards conductivity and the closeness with which 
it followed the hydrogen electrode. It had the additional advantages 


* Rebbeck and Ferguson (J. Amer. Chem. Soc., 1924, 46, 1991) found that 
annealing glass reduced its conductivity and drove off the surface layers o 
absorbed water, both of which effects would be detrimental to its usefulness 
as a Haber electrode. Further, Dr. E. C. Smith (unpublished communi: 
ation) found that heating a glass bulb in an autoclave destroyed its hydrogen 
electrode function completely. 
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TABLE J. 


Composition and properties of various glasses. 


neve; 

Be n p, No. 1; No. 2; soft No. 3; 

SS, a thi; -ray. German glass. Moncrieff, No. 793A. No, 444. 

BD pox stuessnoneonwes 66-88° 70-62% 67-56% 71-83% 72-19% 

/A-hydro@f 6, III 460° 3-23 °° 6-53 ‘0-44 8-96 
it 9.9 Tg soveceeeecesececee Trace Trace Trace — “= 
PUTED «-- 000000. c0ene 08 oo 0-13 0-04 — 

: ecccccccvececceces race ce 0-17 _ _ 
the same See +4 7-58 6-54 8-36 0-08 
S i ekssnonwapsaonei 0-81 0-25 — Trace —_ 

rapidly aa 15-48 15-82 18-83 18-79 
specially ae) 5 “62 , . po 


Total eve ccccccces 99-72 
Conductivity. Very low; Good. Poor. Excellent. Good. 


hence sam- 
rm ple useless, 
ous! SE,/AEn (over _ 0-92 0-88 0:95—098 0-24—0-27 
uld havel range p,, O—10). (very 
variable) 
r 
mmetry Asymmetry. — High; slow Very high; Very low; Fairly low; 
lange in in attaining slow in at- attainscon- attains con- 
s constancy. taining stancy ina stancy in a 
€ in Px: constancy. few hours. few hours. 
iding inf Decrease in E.M.F. -— 0:010—0-090 0:077—0:090 0-005—0-079 0-121 
on standing in N- {in 0-3N- 
Sample KOH over-night. Ba(OH) 


even in acid 
solution. 


of being more easily workable and of being commercially obtainable, 
being supplied as “ white flint ’’ glass by Wood Bros. Glass Co., 


Barnsley, Yorks. Analysis: SiO,, 69-75; Sb,O,, 0:22; Fe,Og, 
nereas# (05: Al,Os, 1-04; MnO, 0-21; CaO, 11-26; MgO, trace; Na,O, 
ease it. § 16-54; KO, 0-66; SO,, 0-34%. Total, 100-07. 


The form of glass cell used in the following experiments (see 
Fig. 1) was a modification of Haber’s cell. The bulb was filled with 
N-hydrochloric acid; the inside electrode consisted of a drop of 
mercury covered with calomel, touching a platinum wire sealed 
through a glass tube. Above the seal was another drop of mercury 
with the lead-in wire dipping into it. This electrode could be kept 
at the temperature of the liquid surrounding it which was contained 
ina beaker immersed in a paraffin-oil thermostat. The neck of the 
bulb was held in a paraffin-wax-coated block of wood cut to fit the 
beaker as a cover, and the rim of the beaker was supported by the 
paraffin-wax-coated wooden thermostat cover. 

The little mercury—calomel—hydrochloric acid electrode could be 
transferred from the inside of the bulb to the outside when the beaker 
was filled with N-hydrochloric acid in order to measure the asym- 
metry E.M.F. of the bulb. 

The external electrode was a saturated potassium chloride- 
calomel half cell, contained in a tube submerged in the bath as 
shown in Fig. 2. 
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The electrometer was of the Compton type, made by the Cam. @ihe ke 
bridge Instrument Co,, giving a deflexion of about 1-5 mm. at 1 m, §euld 
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diagram is shown in Fig. 3. Connexion was made from the un- T 
earthed quadrants to the inside electrode of the glass cell by means T 
of a two-way tapping key mounted on a vulcanite block, When 0 


he Cam. 
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arth, 
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the key was released both sets of quadrants were earthed. The key 
ould be dismounted so that the vulcanite base could readily be 
deaned to remove conducting surface films of moisture. 


II. Mechanism of the Hydrogen-electrode Function. in 
Haber’s Glass Cell. 


Influence of Certain Ions other than Hydrogen.—Horovitz (Z. 
Physik, 1923, 15, 369) and Schiller (Ann. Physik, 1924, 74, 105) 
showed that the potential of Haber’s glass cell might be a function, 
not only of hydrogen-ion concentration, but also of other ionic 
encentrations in the solution in contact with the glass: If the 
bulb was made of a glass containing much boric oxide, the sodium 
in had as much effect as the hydrogen ion on the 7.M.F. of the 
ell. They think that glass functions as an electrode by virtue 
either of (1) its composition as a solid electrolyte, or of (2) an ex- 
change between cations in the surface of the glass and cations from 
the solution.. Thus the sodium-electrode function of the sodium 
borosilicate glasses is due to their sodium content, whilst the 
hydrogen-electrode function of soda-lime glass is due to hydrogen 
ios from the solutions which have replaced other ions in the 
surface of the glass. 

Freundlich and Rona (Sitzwngsber. Preuss. Akad. Wiss. Berlin, 
1920, 396) showed that the electrokinetic potential of glass, which was 
greatly influenced by the surface adsorption of polyvalent ions, 
had very little connexion with the Haber potential. Schiller must 
have assumed that ionic exchange may affect the deeper layers of 
the glass, thus influencing the Haber potential as well as the electro- 
kinetic potential. 

This theory does not give an adequate explanation of how the 
hydrogen-ion concentration in the glass phase is maintained 
relatively constant when that of the solution changes. The follow- 
ing experiment illustrates the point: A fresh-blown bulb of No. 
793A glass was filled with N-hydrochloric acid, and allowed to 
stand a few hours so that the inner surface could come to equili- 
brium. The electrode within the bulb was mercury and calomel 
in contact with the acid. The bulb was then dipped in N-potassium 
hydroxide, the outside electrode being a saturated potassium chloride 
calomel half cell. The #.M.F. of the cell, measured immediately 
at 15°, was 0-624 volt (outside positive), remaining constant for 
20 minutes. The bulb was then transferred to a N-hydrochloric 
acid solution, and the #.M.F. was then 0-028 volt (outside negative). 
The change in the Z.M.F. of the glass cell was thus 0-652 volt. 
The corresponding change for the hydrogen cell would be about 
0783 volt. ‘This difference of 0-131 volt corresponds to a change 
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of about 196 to 1 in the hydrogen-ion concentration of the glay 
(assuming the glass to be functioning only as a hydrogen electrode) 
t.e., glass in contact with N-hydrochloric acid has only 196 time 
the hydrogen-ion concentration of glass in contact with N-potassiun 
hydroxide, although the ratio of the hydrogen-ion concentrations 
of the solutions is about 5 x 10%. If the hydrogen ions in the 
glass phase were derived solely by ionic exchange from the solutions 
in contact with the glass, one would expect a far greater difference 
in the hydrogen-ion concentration in the glass. 

It is easier to suppose (as Haber did) that the hydrogen ions in 
the glass phase are derived from water from the solution which 
dissolves in the glass. Frazer, Patrick, and Smith (J. Physical 
Chem., 1927, 31, 897) have recently demonstrated that a con. 
siderable amount of water is adsorbed by glass in contact with 
acids. 

Our experimental results are best explained on the view that the 
hydrogen-ion concentration in the glass phase is held relatively 
constant by the buffer action of the glass which is a mixture of the 
salt of a weak acid (Na,SiO,) with the anhydride of that acid 
(excess SiO,). This action prevents ionic exchange between the 
glass phase and the solution from altering the hydrogen-ion con. 
centration in the glass, which is thus maintained relatively constant 
in spite of the exchange of ions with the solution. The effect of 
ions other than hydrogen on the £.M.F. of sample 793A was 
negligible except in alkaline solutions. In solutions containing 
sodium or lithium hydroxide the decrease in log [H*] in the glass 
becomes greater than its decrease in the solution as the concentration 
of the base is increased beyond N/10. This effect is shown in the 
following experiments : 


Glass: No. 793A; temp.: 25°; cell: Hg|HgCl|KCl (satd.)|solution|glass| 
N-HCl|HgCl|Hg. 


Solution. 2.M.F. of cell. Solution. £.M.F. of cell. 
N /100-NaOH 0-645 N/100-LiOH 0-660 
N/10- ,, 0-681 N/10- _,, 0-704 
N/1- Be 0-678 N- % 0-699 
10N- ie 0-588 33N- ,, 0-677 decreasing to 0-662. 


The effect of increasing concentrations of caustic soda was 
explained by Horovitz and Schiller as being due to the sodium- 
electrode function of the glass; this might be true in those cells 
which have a sodium-electrode function even in acid solution, but 
in the above case the glass showed no indication of such a function 
in any solution more acid than pg 9. Furthermore, the lithium ion 
produces the same effect and the glass (having no lithium ions 
initially, nor any means of maintaining a constant lithium-ion 
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the glass oncentration within itself if lithium ions penetrate from the solu- 
€ctrode) Mijn) could hardly act as a lithium electrode. The reason why 
96 times log [H+] of the glass phase decreases more rapidly than that of the 
otassium H olution when the concentration of hydroxide exceeds N/10 is that 
‘trations Min this region the buffer action of the glass breaks down and its 
8 in thell wrface is rapidly attacked and dissolved. 
lutions The effect of alkaline solutions in increasing the divergence 
ifference Ml ietween the E.M.F. of the glass and of the H,|Pt begins to be 
noticeable at about py 9, z.e., at the point where the buffer action of 
ions inf the sodium hydrogen silicate in the glass would begin to resist the 
1 which Mf action of alkaline solutions less effectively, since the apparent first 
Physical dissociation constant of H,SiO, is about 10-° (Hagg, Z. anorg. 
& con-B(hem., 1926, 1455, 21). The rapidly increasing divergence between 
ct with # the two L.M.F.’s in the presence of sodium and lithium ions begins 
at about p, 13, and the apparent second dissociation constant of 
hat the H,SiO, is 10-18 (Hiigg, loc. cit.). Beyond this p, it is probable that 
atively Mf the surface of the glass is attacked with greatly increasing rapidity 
Of the Has the solution becomes more alkaline. The difference in the 
ut acid H action of the various hydroxides is probably due to a greater power 
en. the Bf of penetrating the glass possessed by the lithium ions, and is shown 
M con- Bin the following experiments, from which it will be seen that the 
stant # hehaviour of different cells may not be the same. 


Tect of 

A was Glass, 793A. Another bulb, same glass. 

ining Glass cell H,|Pt Glass cell H,|Pt 

Solution. E.M.F. E.M.F. Diff. Solution. H#.M.F. E.M.F. Diff. 

> glass B yA —0-026 0-248 0-274 N-HCl —0-024 0-248 0-272 

ration & .V-KOH +0-707 1-056 0349 N-KOH +-0°-767 1-055 0-288 

in th Y-NaOH +0-669 1-045 0376 N-NaOH +0-675 1-044 0-369 
¢ B V.LIOH +-0-617  1:041 0-424 N-LiOH +0-420 1-040 0-620 


Another fact indicating that the effect of sodium and lithium 
alas F ions in strongly alkaline solution is due to a decrease in hydrogen- 
io concentration in the glass phase, rather than to a sodium- or 
lithium-electrode function of the glass, is that the #.M.F. of a 
glass cell falls with time on standing in alkaline solution, i.e., with 
increasing penetration by sodium or lithium ions. Now if the glass 
were functioning chiefly as a sodium or lithium electrode, the #.M.F. 

was § would change in the opposite direction as the ions penetrated the 
lium- § glass. 

cells Yet another indication that the glass is still acting, at least partly, 
, but f as a hydrogen electrode even in alkaline solution is the slow reversi- 
ction § bility of the sodium hydroxide effect, shown as follows: A glass 
pion § electrode, having an E.M.F. of 0-572 volt in 10N-sodium hydroxide 
ions § solution, was transferred to N-potassium hydroxide solution, and 
-ion J the E.M.F. measured immediately was 0-668 volt, whereas that 


0-662. 
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measured after 30 mins. was 0-698 volt. The immediate rise afte; 
transference might be attributed to the decrease of sodium-ion 
concentration in the solution, but if the glass had been functioning 
chiefly as a sodium electrode, the slow drift. in Z.M.F,, after the 
transference would have been in the opposite direction, since the 
sodium ions would become less concentrated in the glass phase and 
more concentrated in the solution. 

The only real case of an electrode function in glass produced by 
exchange of ions with the solution seems to be the silver-electrode 
function observed by Horovitz in glass which had stood over-night 
in contact with silver nitrate solution. It is possible that, if silver 
silicate has a low solubility product, the silver-ion concentration in 
the surface of the glass might remain sufficiently constant to account 
for Horovitz’s results. No silver-electrode function could be pro. 
duced in the samples now investigated.. When a bulb had been left 
in contact with silver nitrate solution over-night it showed slight 
changes in E.M.F. on varying the silver-ion concentration (the p, 


TaBLe II. 


Influence of various cations other than H+ on the Z£.M.F. of 
Haber’s cell. 


Temp. 25°. The sign of the #.M.F.is + or — according to whether the 
Hg|HgCl electrode is + or —. 


Effect of K+ ions. 

Solution. . E,. 
+ 0-248 
+-0-223 
4+-1-074 
+-1-085 


+0:248 
N-HCI satd. with NaCl ; +0:200 
M/22-K,HPO, + M/22-KH,PO, ; +0640 
M/22-K,HPO, + M/22-KH,PO, satd. with 
NaCl +0-568 
M/20-KH(BO,), . +0°792 
M/22-KH(BO,), satd. with NaCl +0-743 
1:3N-KOH ; +1-061 
1-3N-KOH satd. with NaCl . + 1-067 


25 C.c. N-HCl . +0-247 
25 C.c. N-HCI + 25 g. LiCl “1s +0-159 
50.C.c. N-KOH . + 1-056 
50 C.c. N-KOH + 10 g. LiCl . +1-021 
Same cell after 3 hrs. ..........cseecevescooees ive . +1-021 


40-247 
N-HCI + 20% CaCly ssssscscsecssesssescsees ~<a 10-296 
13% CaCl, soln. satd. with Ca(OH), +.0-904 
Dilute K,0O, soln. ..........cccccevcesecdsecsees : +0-883 
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being maintained constant by very dilute sodium acetate—acetic 
acid buffer), but these #.M.F.’s varied considerably with time, and 
rapidly approached the value for an ordinary bulb at the same pz. 
In order to find to what extent the ‘‘ mixed electrode functions ”’ 
described by Horovitz and Schiller might exist in sample 793A, 
several comparisons were made’ between the #.M.F. of the glass 
cell and that of the hydrogen electrode before and after the addition 
of various salts (KCl, NaCl, CaCl,, and LiCl): if the difference in 
§.M.F. remains unchanged after addition of a salt, the glass cell 
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P,l0 


Ol O02 03 O4 OF 06 O7 O8 
H,|Pt, E—E,. 


nust have a hydrogen-electrode function only. It is interesting to 
note (Table IT) that the effect, if any, of adding potassium or sodium 
chloride on the difference in H.M.F. between the glass and hydrogen 
cells, is in the opposite direction to that which would be expected 
from Horovitz and Schiller’s theory, when the solution is acid. 
Changes in the potassium-ion concentration affect the 2.M.F. of the 
hydrogen electrode in the same way as they affect that of the glass 
cell; and similarly for sodium and lithium ions except in strongly 
alkaline solution. The calcium ion, however, has but little influence 
on the H.M.F. of the glass cell, even in alkaline solution. 

The curves in Fig. 4 and data in Table IIT show the behaviour 
of the glass cell in the presence of potassium, lithium, and sodium 
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ions. The ordinates represent the difference between the E.Mp 
of the glass cell filled with the solution which is being studied and 
that of the same cell filled with N-hydrochloric acid. The abscisgy 
represent the difference in H.M.F. of the hydrogen electrode when 
in the same solution as the glass electrode and when in N-hydro. 
chloric acid. The glass was No. 793A; temperature 25°. Lithiun 
and sodium hydroxides both show a maximum glass E.M.F. at 
about py 13. The difference between the effects of these ions on 
the glass cell becomes negligible when the hydrogen-ion activity is 
greater than 10-2”. 

The extent to which the glass cell H.M.F. departs from the valu 
it would have if the glass had a perfect hydrogen-electrode function 
is measured by the difference between the abscissz and ordinates of 
points on the curves. 


TABLE III. 


Data for curves (Fig. 4) showing relation between hydrogen an 
glass cell E.M.F. in solutions containing K’, Na’, and Li’ ions, 


Solution. E,. E,—E,,. E,,. E,—E,. 
cos. ee eeerreers — 0-025 0 0-247 0 
DU TEE, coccansvascdccssesees +0-032 0-057 0-303 0-056 
DE POMEL condscoccccdersesenen +0-088 0-113 0-364 0-117 
Poe) Lk err +-0°143 0-168 0-418 0-171 
fp. + eee |-0-196 0-221 0-472 0-225 
Di [ROCCE neccisscsccceens +0:576 0-601 0-860 0-613 
MG on a eee -+-0-644 0-669 0-933 0-686 
PWS 0. ere + 0-702 0-727 0-997 0-750 
PEE, cakccsbavoasscdevescests +-0-748 0-773 1-056 0-809 
GUEETEE, a ssbasriccsedeianeses +0-779 0-804 1-092 0-845 
De er ee + 0-800 0-829 1-128 0-881] 
J a ee errr — 0-026 0 0-247 0 
O-1%, NacBOe ...000s.0s0000- +-0-484 0-510 0-770 0-523 
ig) Ce” | re -+- 0-572 0-598 0-865 0-618 
TY [TRIO eccsccecocivccccss +-0-645 0-670 0-941 (0-694 
DN [RO THEOEL D dacs cedisaesesivns +0-681 0-706 0-998 0:75! 
DIGI | cehovevessesnersdesee |+- 0-678 0-703 1-050 0-803 
DEE. Giwaccncaseccevess -+0-588 0-613 1-116 0-869 
PEGEMNEE © ciosacnnveguceneeeds ved — 0-024 0 0-247 0 
0:02M-LiAc + 0:02M-HAc +0-242 0-266 0-514 0-267 
Li borate (about 0:02M)... + 0-501 0-525 0-778 0-531 
FET UOOELAIEL 20. .ccsecoscscaces -+-0-660 0-684 0-940 0-693 
PU TRO-ENTEE coc ccccctescscsoss +0-704 0-728 0-996 0-749 
DN MNED ocd socneddsdedechnodéce +0-704—0-699  0:723 1-045 0-798 
PEN RMIED « ccdepecccopieessee +0°677—0-662 0-686 1-066 0814 


Ill. Applications of the Cell. 


The measurements of py by means of the glass cell (Table lV) 
show how it can be used in the presence of oxidising agents, of sub- 


stances such as azoimide and hydrazine which poison a hydrogel 
electrode, and of a strongly coloured solution such as permangatit 
acid which precludes the use of indicator methods. 
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TaBLe IV. 
Glass, sample 793A. Temp., 25°. 
Cell: Hg|HgCl|sat. KCl|solution|glass| N-HCl|HgCl|Hg. 


Pu ’ Pr 
Solution. E,. (apprx.). Solution. E,. (apprx.). 
fKH,PO,)\ on : wig. f KC2H20, ~ Pe 
y/40- \Ke HPO, J ... 0-360 6-79* M/10- | HC.H,O, 0-241 4-63* 
un { KH,AsO enn : 110.4 KN — . 
M/40- LK, HAsO, --. 0355 6-70 M/10 | HN, sob - 0-233 4-49 
(ae /40-K,CrO, | Mj10-H,PO, \.:....... 0-062 =-1-80 
reste 0-350 6-62 M /10- H, I idan 0-065 = 1-85 
|m/30-K, C140, i] M/10-HCl ...........- 0-030 
(KH,BO;\ 9.496 = 9-04* M/10-HMn0, peaearees 0-030 


M/40-\ BO, °f 


M/40- fH,AGOs) . 0-498 9-07 


* Denotes determined by hydrogen electrode. 


The measurements of p, in the buffer mixtures of phosphates, 
arsenates, and chromates, all half-neutralised with respect to the 
second hydrogen ion, give an interesting comparison of the strength 
of these acids. Various values for the second dissociation constant 
of phosphoric acid * have been calculated depending on the 
activities of the phosphates which are assumed (Hodgman and 
Lange, ‘“‘ Handbook of Chemistry and Physics,” 9th edn., p. 422, 
give 2 x 10-7; Cohn, J. Amer. Chem. Soc., 1927, 49, 192, gives 
69 x 10-8). It seems probable, however, that the salts of all 
three of these acids would have about the same activity coefficients. 
If this is the case, the ratios of the hydrogen-ion concentrations of 
the half-neutralised buffer mixtures would be nearly equal to the 
ratio of the dissociation constants of the acids. On this assumption 
the above data indicate that 


EOS 04 PaROLT 
[H*}[AsO,"] | [H"][BO,"] 
[HAsO,} * [HBO,| 
[H"}[C,H,0,"] | [H™J[N3"] _ 
[HC,H,0,] ° [HN,| 


If the constant for the second-stage dissociation of phosphoric 
acid is taken as 6-9 x 10-8, this would give 1-03 x 10-7 as the con- 
stant for the second dissociation constant of chromic acid, a value 
slightly lower than that obtained by Britton (4:4 x 10-’) using the 
hydrogen and oxygen electrodes (J., 1924, 125, 1572). It seems 
possible that the hydrogen electrode may have been giving slightly 
low py readings in Britton’s measurements. 

West (J., 1900, 77, 705) calculated the dissociation constant of 


se bided; 


and ='] 31-38. 
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azoimide from conductivity measurements and stated that it is an 
acid of “ about the same strength as acetic’; the glass-cell results 
show that it is appreciably stronger. 

The only value of the dissociation constant of hydrazine found jn 
the literature was that of Bredig (Z. physikal. Chem., 1894, 13, 308). 
this was calculated from conductivity measurements and varied 
from 4-4 x 10-§ to 2-1 x 10°* according to the dilution. The 
pu of a solution containing M/10-N,H,-OH + M/10-N,H,Cl was 
found by comparison with phosphate and borate buffers at 23° : 


pu: Glass cell Z.M.F. 


Phosphate buffer 6°81 0-389 
M/10-N,H,Cl + M/10-N,H,;-OH 8°24 0-469 
Borate buffer 9-24 0-525 


The dissociation constant corresponding to this py would be about 
1:7 x 10-° if complete dissociation of hydrazine hydrochloride is 
assumed; or 1-4 x 10° if 80% dissociation (analogous to that of 
other univalent salts) is assumed. 

Hydrochloric and permanganic acids do not differ measurably in 
strength ; this result is in agreement with the comparative strengths 
of these acids as measured by conductivity. 

The dissociation constants thus calculated from hydrogen-ion 
activities of half-neutralised solutions are summarised below. 


Assumed second-stage constant for H,PO, 
Second-stage constant for H,AsO, 

* H, 2CrO, 
Assumed first- -stage constant for H,BO, 
Calculated ,, 
Assumed constant for HC, H, O, 
Calculated ,, N, 
Dissociation constant for N. »>H,O0OH 


* Cohn, loc. cit. + Landolt—Bornstein, 5te Aufl., p. 1132. 
t Landolt—Bornstein, 5te Aufl., p. 1141. 


Hydrolysis of Copper Sulphate.—O’Sullivan (Trans. Faraday Soc., 
1925, 21, 319) measured the hydrogen-ion activity of copper sulphate 
solutions by means of the quinhydrone electrode. His £.MP. 
readings changed with time in a direction indicating increasing 
acidity, and he attributed this to slow oxidation of the quinhydrone. 
It was found that the hydrogen-ion activity of such solutions as 
measured by the glass cell changed in a similar manner, indicating 
that the hydrolysis is probably a slow reaction. The more dilute 
solutions showed a similar increase after being boiled and cooled. 
The py of M/20-copper sulphate measured by the glass cell is 4-24, 
in fair agreement with O’Sullivan’s value, 4:14. 

Measurements of various solutions are given in Table V. 


C.c. N/1-KOH. 
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TABLE V. 


The hydrolysis of CuSO, solutions. 


Solution. . Diff. 

Freshly made M-CuSO, 0-067 
ujl0-KAc + M/10-HAc . 
M-CuSO,, next day 
M/l0-KAc + M/10-HAc, next day 
M-CuSO,, 2 days later 
M/10-KAc +- M/10-HAc, 2 days later... 0-212 
% C.c. M-CuSO, +- 0:25 c.c. N-KOH, 

boiled and cooled 
M/l0-KAc 4- M/10-HAc 
M/10-CuSO,, fresh 


se 


- 0-068 
» 0-074 


QWs D 
toe who ce 


0-053 
| 02 

M/l0-KAc -- M/10-HAc west 

M/10-CuSO,, boiled 

M/10-KAc + M/10-HAc 

M/20-CuSO,, fresh 

M/10-KAc + M/10-HAc 

M/20-CuSO,, boiled 

M/10-KAc + M/10-HAc 

M/20-CuSO,, 2 days later 

M/10-KAc + M/10-HAc, 2 days later... 


i Wet BE OS We 'CO 69.1 C8 ng 


SoOQwa-! 
mBwswe 


- 0-032 
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- 0-006 
0-023 
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Britton (J., 1925, 127, 2796) measured the Z.M.F. of a copper 
electrode dipping into a copper sulphate solution during the pre- 
cipitation of the basic sulphate by the addition of alkali. He found 
that a sudden change occurred when three-quarters of the alkali 
necessary to combine with all the sulphate radical had been added, 
and concluded that the precipitated basic sulphate had the com- 
position 4Cu0,SO0,,7H,O. Later Fowles (J., 1926, 1845) claimed 
to have prepared other basic sulphates of copper. 
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As the hydrogen-ion activity of a copper sulphate solution must by 
a function of the copper-ion concentration, there should be a sudden 
decrease in hydrogen-ion activity as well as copper-ion activity 
when almost all the copper has been precipitated as basic sulphate, 
The #.M.F. of a glass cell was therefore measured during the pr. 
cipitation of basic copper sulphate by alkali, and the sudden rise 
in £.M.F. occurred at the stage noted by Britton (see Fig. 5 and 
Table VI). The initial rapid rise in #.M.F. on addition of a smal] 
quantity of alkali may be partly due to traces of free sulphuric acid: 
the remaining rise up to H, 0-2 may be accounted for on the hypothesis 
that the reaction 3Cu™ + 3H,O + CuSO, = CuSO,,3CuO + 6° 
is very slow when the hydrogen-ion concentration is greater than 
10, and then suddenly accelerates, further small additions of alkali 
being almost without effect on the py of the solution until nearly al 
the copper has been precipitated (see Table V1). 


TABLE VI. 
Precipitation of basic copper sulphate at 25°. 
Control solution : 20 C.c. of N-CH,-CO,H + 1 c¢.c. of N-KOH + 179 c.c, of 


water; E,, 0-165; py by hydrogen electrode, 3-44. (This buffer mixture was 
emptied out and replaced by 20 c.c. of M-CuSO, solution.) 


N-KOH N-KOH N-KOH 
added, c.c. E,. added, e.e. We added, e.c. E,. 
0-05 0-164 * 10-0 +212 28-6 0-292 
0-15 0-178 15-0 +222 29°5 0361 
0-5 0-190 20-0 2 30-0 0-464 
2-0 0-200 + 25-0 +26 30-5 0-502 
5-0 0-206 27°5 2 32-0 0-636 ? 


* pu = 3°33. + pu = app. 4:06. + Changing after 20 mins. to 0-613. 


It was thought to be of interest to determine by means of the glass 
cell what changes in hydrogen-ion concentration take place in the 
iodide—iodate method for estimating small quantities of strong acids. 
It was found that, although the pq continues to change for 20 mins. 
after the addition of the acid, this delayed change is so small that the 
analytical results are not appreciably different from those obtained 
by immediate titration of the iodine. Moreover, it is seen (Table 
VII) that the mixture attains neutrality after the addition of two- 
thirds of the amount of acid necessary to decompose all the iodate. 


TABLE VII. 


Py of iodide-iodate mixture. 


° Pu: 
Solution. E,. interpolated. 

50 C.c. of (0-1M-KIO, ++ 0-8M-KI) 0-456 8-4 
50 C.c. of (0-1M-KIO, +- 0-8M-KI) +- 20¢.c. of N-HCl 0-378 6-9 


Phosphate buffer, py 6-81 
Borate buffer, py 9-19 
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Summary. 


|. Glass for use in Haber’s cell should be as nearly as possible 
free from potash, alumina, and borates. A glass containing 72% 
%0,, 8°4CaO, and 20% Na,O proved very satisfactory. The bulb 
hould be blown as rapidly as possible to avoid devitrification. 

2. In acid solutions this glass gave no evidence of the ‘* mixed 
dectrode function ’’ of Horovitz and Schiller. Its behaviour is 
best explained by the hypothesis that the hydrogen-ion concentration 
js maintained relatively constant within the glass phase by the 
buffer action of the sodium acid silicate in the glass. This buffer 
action begins to become less effective at about py, 9, which is about 
the pu of a sodium acid silicate buffer mixture half neutralised with 
respect to the first hydrogen ion of silicic acid (dissociation constant, 
10°). 

3. When the solution in contact with the glass is more alkaline 
than py 13, the glass surface is rapidly attacked. In this py, range 
the second hydrogen ion of silicic acid (dissociation constant, 10-1) 
begins to be neutralised, and as the glass surface is attacked the 
hydrogen-ion concentration within the glass falls rapidly, with a 
corresponding drop in the H.M.F. of the glass cell. Sodium 
hydroxide shows this effect more than potassium hydroxide; this 
might be partly due to a sodium-electrode function in the glass, but 
as lithium hydroxide has a similar effect, it is more reasonable to 
suppose that glass is more readily penetrated by sodium and 
lithium hydroxides than by potassium hydroxide, possibly because 
of smaller dimensions of the ions. 

4. The following dissociation constants have been determined by 
measuring the pq of half-neutralised buffer mixtures: the second- 
stage constants of arsenic and chromic acids (8-3 x 10-8 and 1-0 x 
10’, respectively), the first-stage constant of arsenious acid (6 x 
10°), and the constants of azoimide and hydrazine hydrate (2-56 x 
10° and 1-4 x 10-®, respectively). 

5. The hydrogen-ion activity of copper sulphate solutions has 
been measured, and it has been shown that the hydrolysis of 
copper sulphate is a slow reaction at the ordinary temperature. It 
has also been shown that the basic sulphate of copper precipitated 
by alkali must have the composition 3Cu0,CuSO,,7H,0, in agree- 
ment with the results of Britton. 

6. The p, of an iodide—iodate mixture has been found to be about 
6-9 after two-thirds of the iodate have been decomposed by the 
addition of hydrochloric acid. 


Acknowledgments are due to Dr. E. K. Rideal for his many 
helpful suggestions, especially those concerning the buffer action of 
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glass and the possibility of the similarity between the action of 
lithium and sodium hydroxides. I also wish to thank Profesgo, 
‘W. E. 8. Turner, of Sheffield University, for his kindness in furnish. 
ing analysed samples of glass and for his suggestions as to the 
possible effects of aluminium oxide. 
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LXV.—Cyclic Organo-metallic Compounds. Part IV, 
Tellurylium Compounds (continued). 


By Harry Dueatp KerTu Drew. 


WueEN hydrated diphenoxtellurylium dibisulphate (I), or the 
complex (IV) which it forms with two molecules of sulphuric acid, 
is crystallised from glacial acetic acid, it is transformed to a deeply 
coloured, bronzed substance which was described (J., 1926, 3055) as 
diphenoxtellurylium hydroxybisulphate monohydrate (IT) : 


acetic 


(I.) | (CoH<>CoH,)) | (HSO,),,3H,0 ——> 


| ( CoH >CeHs), | (HSO,)(OH),H,O (IL 


This substance (II) is decomposed by water into the constituent 
donor and acceptor, a reaction which was stated to be only approx- 
imately quantitative (loc. cit.), since the author obtained 46% of 
phenoxtellurine as acceptor instead of 40-9°%, demanded by theory. 
The method of analysis has now been improved, and, as a result, it 
is found that the decomposition by water is quantitative and that 
the true percentage of phenoxtellurine present as acceptor in the 
above compound is 53-5. The percentage of phenoxtellurine 
present in the donor form (not previously estimated) has been 
determined as 27-9. Two molecular proportions of phenoxtellurine 
are therefore present in the acceptor condition to one in the donor, 
and the substance formerly represented as (II) must now be described 
as triphenoztellurylium dibisulphate, having the empirical formula 
(IIT). 

The ultimate analytical figures calculated from. the revised 
formula approximate closely to those required by the old formula 
and are in equally good agreement with the figures previously 
obtained by actual experiment : 
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% Old formula. New formula. Found (loc. cit.). 
Cc 4 P 39-7, 39-6, 39-6 
H . . 2-6, 2:6, 2:9 
O ° 17-5 
S . , 4-0, 4:9 
Te 35-9: 35- 35°1 
Whereas, however, the old formulation requires equal amounts 
40-9°/,) of phenoxtellurine in donor and acceptor, the new formula 
requires 54-72% in the acceptor and 27-3% in the donor; figures 
which agree with those found by experiment. 
The method has been applied also to the parent compounds of 
the series, with the result. that the structures previously assigned to 


them have been confirmed : 
% Phenoxtellurine 


in acceptor. in donor. 
Compound. Cale. Found. Cale. Found. 

Diphenoxtellurylium dibisulphate disul- 

phurie acid trihydrate (IV) 
Diphenoxtellurylium dibisulphate _ tri- 

hydrate (I) 

The changes undergone by these substances can therefore be 
expressed empirically in the following simple manner : 


moist acetic 


(C Hypo Col s) | (HSO,).,2H, SO,,3H, O > 1) aad 
(IV.) ~ O-~ (5 1 
| (Cola Te >C,H ‘) ‘ (HSO,), (111.) 


Whereas the transformation of (IV) to (I) involves, as previously 
given, merely the removal of two molecules of sulphuric acid, that 
of (I) to (III) involves the elimination, from two molecules of (I), 
of three molecules of water and one molecule of trihydrated 
phenoxtellurine dibisulphate. This reaction can only occur after 
dissociation of (I) into its constituent donor and acceptor, a change 
which has already been shown to take place in glacial acetic acid 
solution (loc. cit., p. 3061). Recrystallisation of (IV) or of (I) from 
hot acetic acid was already known to lead to the separation of a 
resilue of basic phenoxtellurine sulphate, a phenomenon previously 
attributed to partial hydrolysis by moisture. 

The new view of the transformation in acetic acid solution does 
not affect the theoretical considerations dealt with in the previous 
paper. The colour change undergone by the solution of compound 
(III) in acetic acid can be expressed by the equilibrium : 


dilute or hot 
au.) <—— 20H, <p >OgH, + | CoHy<p > CoH, | (HSO,), 
om or ne, ot cold 
(soln. deep _ (soln. pale yellow) 
cherry-red ) 
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Since phenoxtellurine dibisulphate trihydrate may be represented 
by the simple formula (V), there exists a series of compounds of the 


| (CoH<pe>CeHs) |(H80,),,3H,0 (C6 Het >Ce H ) I 1H80) , 


(V.) 


type (VI) in which x may be 1, 2, or 3, the various sohual of the 


series being associated with different addenda (H,SO, or H,0), or i 


as in (III), having no addendum. The molecule of each of thew 
substances contains two anions, which make their appearance in q 
single molecule of the donor when the compound is decomposed by 


water, the remaining phenoxtellurine appearing as the acceptor, 
The ratio of phenoxtellurine in the acceptor to that in the donor isi 


therefore (2 — 1): 1. 
Expanded formule have already been given (loc. cit.) for com. 


pounds (I), (IV), and (V); it remains to consider compound (III). #* 


In this substance the third molecule of phenoxtellurine might be 
regarded as an addendum substituting 3H,O in the formula of (1), 
It is considered probable, however, that the three tellurium atoms ar 
actually linked together, either in a chain (VII) or in a ring (VIII), 
Of these alternatives, the second is preferred, since in it the three 
phenoxtellurine residues are equivalently situated if the formula be 
regarded as potentially dynamic. In the phase represented, the 
tellurium atoms marked (1) and (2) supply each an electron to 
affix tellurium atom (3), whilst they are themselves united by mean 


SO,H ) 
4\ 


oH, <2>,H, 


aa 
O<cin>te 
Te 0K Sn. neg pe 
Hy <O>CH SO,H se “Sod 


(vit)  SO,H (VIII.) 


of a non-polar bond (the dots show the binding electrons, and the 
arrows indicate the atoms whence these electrons originate; the 
dotted bonds represent polar linkings). At all phases of the formula, 
each of the three tellurium atoms is seen to be associated with 56. 
and each oxygen and carbon atom is associated with 10, electrons. 

This view is seen to involve the suggestion that three atoms may 
be held together by the sharing of 4 electrons. 

Thomason and the author (J., 1927, 119) described a compound 
which, from ultimate analysis, they considered a complex o 
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henoxtellurine and 2-chloro-8-methylphenoxtellurine in molecularly 
jiivalent proportion. This substance has now been separated 
sto its constituents by the fractional precipitation of its chloroform 
ylution with bromine. The phenoxtellurine is precipitated first, 
4s the dibromide. Hence the introduction of the above nuclear 
abstituents depresses the affinity of the tellurium atom for bromine. 
The di-«-bromocamphor-z-sulphonate of chloromethylphenox- 
llurine was prepared, but could not be purified owing to its 


‘Hiendency to hydrolyse. It yields brilliantly coloured tellurylium 


compounds with phenoxtellurine or substituted phenoxtellurines, 
» that it is necessary to add the «-bromocamphor-r-sulphoniec acid 
anion to the list of mobile anions already given (J., 1926, 3064). 
from this list, for reasons which will now be apparent, the OH anion 


‘Bihould be deleted. 


(VII). 
e three 
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EXPERIMENTAL. 


Estimation of the Percentage of Phenoxtellurine present as Donor and 
as Acceptor in Tellurylium Compounds.—(1) Triphenoxtellurylium 
libisulphate (III). 'The sample (0-5277 g.) was shaken in a stoppered 
extraction funnel with cold water (15 c.c.) and several times with 
chloroform. The filtered chloroform was allowed to evaporate at 
the ordinary temperature (loss of phenoxtellurine occurs at more 


eevated temperatures). The white aqueous suspension, treated 
with an excess of potassium metabisulphite, gave phenoxtellurine, 
which was extracted with chloroform (Found : phenoxtellurine as 
acceptor, 53-5; as donor, 27-9. Cale. for C,,H,,0,,5,Te, : phenox- 
tellurine as acceptor, 54-7; as donor, 27:3°%). 

(2) Diphenoatellurylium dibisulphate disulphuric acid trihydrate 
(IV). The sample (0-5369 g.) was reduced with aqueous potassium 
metabisulphite, and the total phenoxtellurine extracted with 
chloroform : found, 0-3038 g. A second sample (1°7844 g.) was 
treated with cold water (50 c.c.) and nearly neutralised with N- 
sodium carbonate (12-9 c.c.). The acceptor phenoxtellurine was 
then estimated as before (Found: phenoxtellurine as acceptor, 
28-75; as donor, 27-85. Cale. for C,,H,,.0,,;5,Te,: phenox- 
tellurine as acceptor, 28-55; as donor, 28-55%). 

(3) Diphenoatellurylium dibisulphate trihydrate (I). In a first 
sample (0-3380 g.), the total phenoxtellurine was estimated as above : 
found, 0-2383 g. A second sample (0-5261 g.) was treated with cold 
water (50 c.c.) and N’/10-sodium carbonate (19 c.c.) as in (2) (Found : 
phenoxtellurine as acceptor, 34:9; as donor, 35-6. Calc. for 
Cy4H,,0,,8,Te,: phenoxtellurine as acceptor, 35-2; as donor, 
352%). In every case, the recovered phenoxtellurine was found 
to be pure. 

8 
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Molecular Compound of Phenoxtellurine and Chloromethylphenox. 
tellurine : Separation into its Constituents——The compound (8-4 g.) 
m. p. 59° (J. 1927, 119), was dissolved in chloroform (12 ¢.c.), and q 
solution of 2-1 g. of bromine in 20 c.c. of chloroform gradually 
added. Phenoxtellurine dibromide (6-4 g.) separated, and this 
gave on reduction phenoxtellurine which was pure after one crystallis. 
ation. The chloroform mother-liquor was precipitated again by 
0:4 g. of bromine in 5 c.c. of chloroform, giving a mixture of the 
two dibromides. The chloroform mother-liquor from this was 
precipitated by 1-7 g. of bromine, yielding chloromethylphenor. 
tellurine dibromide, a yellow, crystalline substance which is very 
sparingly soluble in chloroform; m. p. 315° (decomp.). Its redue. 
tion by aqueous potassium metabisulphite takes place -only very | 
slowly compared with that of phenoxtellurine dibromide. The 
product (3-2 g.), consisting of chloromethylphenoctellurine, crystallises 
from alcohol in minute, pale yellow, prismatic needles, m. p. 46—47° 
(Found : C, 45:2; H, 2-5. C,,HgOCITe requires C, 45-3; H, 2-6%), 
It is very soluble in organic solvents but insoluble in water. It 
forms a dichloride, pale yellow prisms, m. p. 300° (decomp.), from 
xylene ; a diacetate, colourless needles, m. p. 230—232° (with froth. 
ing), from acetic acid; and a dibisulphate, cream-coloured scales, 
which acts as a donor towards tellurides, giving deep purplish- 
black tellurylium compounds. 

Chloromethylphenoxtellurine dissolved in cold concentrated 
sulphuric acid to a deep maroon-red solution which evolved sulphur 
dioxide. On treating the solution with a little water and crystal. 
lising the resulting minute, dark red crystals from acetic acid, a 
dark blue-black, crystalline powder having a _ greenish-bronz 
lustre was obtained. A solution of this telluryliwum compound 
in acetic acid had an intense reddish-purple colour, which became 
pale yellow on dilution or heating (reversible change). 

The foregoing procedure for the separation of the complex com- 
pound into its constituents enables the yield of phenoxtellurine 
(obtained by the method described in J., 1926, pp. 230—231) to be § 
increased, since the reduced by-products from that process can be 
further worked up for phenoxtellurine by treatment with bromine 
in chloroform solution. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, November 14th, 1927.] 


Iv, 


phenox- 
(8-4 g.) 
, and a 
vdually 
id this 
stallis. 
ain by 
of the 
is was 
phenox- 
is very 
redue- 


y very | 


. The 
tallises 
647° 
26%). 
er. It 
), from 
froth. 
scales, 


rplish- 


trated 
ulphur 
rystal- 
cid, a 
bronze 
pound 
ecame 


: com: 
llurine 


tobe § 


‘an be 
omine 


DREW : CYCLIC ORGANO-METALLIC COMPOUNDS. PART V. 5ll 


LXVI.—Cyclic Organo-metallic Compounds. Part V. 
Phenoxselenine and Phenoxthionine from Phenox- 
tellurine. Selenyliwm and Thionylium Compounds. 

By Harry Ducatp Kerra Drew. 


PHENOXTHIONINE (I) was discovered by Mauthner (Ber., 1906, 39, 
1344), who prepared it by a lengthy process from sodium thiopyro- 
catechol and 3-chloro-2 : 4-dinitrobenzoic acid. Phenoxselenine 
(II) has not hitherto been described. 

The author’s process for the preparation of phenoxtellurine 
(Part I; J., 1926, 223), viz., condensation between diphenyl ether 
and the tetrachloride of the metalloid, followed by reduction with 
alkali bisulphite, cannot be applied in the case of phenoxthionine, 
and was fruitless in that of phenoxselenine, owing to the chlorin- 
ating action of selenium tetrachloride. It is now found, however, 
that phenoxtellurine may readily be transformed either to phenox- 
thionine or to phenoxselenine. 

When phenoxtellurine is heated with an atomic proportion of 
sulphur, the red. solution becomes greenish-brown (probably owing 


tothe formation of the sulphide Okie Celle. An exothermic 


reaction then ensues; crystalline tellurium is set free, and is replaced 
by sulphur. The resulting phenoxthionine contains about 7% of 
unchanged phenoxtellurine, from which it is easily separated. 

Se 


: OO XY) » 


O 

When selenium is employed instead of sulphur, the product 
consists of phenoxselenine (2 mols.) and phenoxtellurine (1 mol.), 
This mixture (or molecular complex) cannot be resolved by crystal- 
lisation, but pure phenoxselenine may be obtained from it quantit- 
atively by transformation to the mixed dibromides, followed by 
warming with acetone. 

Phenoxtellurine is totally recoverable from its dibromide, and 
therefore the foregoing reactions afford quantitative yields in the 
sense that the whole of the initial phenoxtellurine can ultimately 
be converted either into phenoxthionine or into phenoxselenine. 
The bulk of the tellurium can be recovered and used again. 

The processes are probably applicable generally to the nuclear- 
substituted derivatives of phenoxtellurine. For example, 2-chloro- 
8-methylphenoxtellurine behaves towards sulphur in a manner 


similar to that of phenoxtellurine, The nitrophenoxtellurines, 
s2 
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which decompose explosively when heated with sulphur, afford ay 
exception to this rule. 

The following table shows a comparison between some of the 
properties of the foregoing substances : 

Substance. Colour. M. p. Colour in sulphuric acid, 
Phenoxthionine Colourless 58° Intense violet 


Phenoxselenine Colourless 88 Intense olive-green; violet 
on dilution or warming 
(reversible) 


Phenoxtellurine Yellow (from alcohol); 79 Deep purplish-red 
orange (from acetic 
acid or acetone) 


The three compounds, taken in pairs, form mixed crystals insepar. 
able by solvents. Normal depression of melting point is therefore 
not shown by the mixtures. In fact, an admixture of all three 
compounds in about equal proportions melts between 55° and 85°, 
A similar relationship had been noticed previously (J., 1921, 149, 
1063) in the case of the crystalline acetylacetonates of aluminium, 
gallium, and indium—where the metallic atoms are related in the 
periodic table of the elements in the same manner as sulphur, 
selenium, and tellurium. 

Phenoxthionine yields an owide, CoH <Q >CoH, (IIT), (m. p. 
158—159°), which gives with sulphuric acid a violet coloration, 
becoming deep blue on warming (irreversible). Further oxidation 
affords the dioxide, CoH <g9,>CoHe (IV) (m. p. 147—148°), which 
gives no sulphuric acid coloration. This substance has already 
been prepared by Mauthner, who, however, gives m. p. 140—14I° 
and states that a blue coloration is produced with sulphuric acid. 


His product was evidently contaminated with the oxide (III). 
Phenoxthionine does not form a dichloride, dibromide, or diacetate. 


Phenoxselenine forms an oxide, CH <p> Oe (V), which is 


soluble both in organic solvents and in water, separating from the 


latter as the crystalline neutral dihydroxide, CH, Se(OH) >C,H, 
2 


(VI). These substances give deep violet solutions in sulphuric acid, 
which become permanently blue on being warmed. 
Phenoxselenine forms a yellow dichloride, and a red dibromide, 


CHi<g, mp Oe (VII), and these compounds differ from the 


corresponding halides of phenoxtellurine (which are colourless and 
yellow respectively) in that they are halogenating agents towards 
such substances as acetone. Phenoxselenine forms only an unstable 
acetate, readily hydrolysed to the oxide. 
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The oxides (III) and (V) differ remarkably in that, whereas 
phenoxthionine oxide is only sparingly soluble in water, may be 
distilled unchanged, does not catalytically decompose hydrogen 
peroxide, and is not reduced by alkali bisulphite, phenoxselenine 
oxide is extremely soluble in water, quantitatively loses oxygen 
on being heated above its melting point, liberates oxygen from 
hydrogen peroxide, and is at once reduced by alkali bisulphite in 


the cold. 
Thionylium and Selenylium Compounds. 


Hilditch and Smiles (J., 1911, 99, 408) ascribed the intense colour 
of the sulphuric acid solutions of phenoxthionines and their oxides 


to the presence of thionium salts of the type CoH. <ptay>CoH. 


where A stands for an acid radical. The following experiments 
show, however, that thionylium compounds (analogous to the 
tellurylium compounds) are in reality responsible. 

When the intensely violet sulphuric acid solution of phenoxthionine 
is allowed to stand during three hours, until sulphur dioxide ceases 
to be produced, and is then decomposed with ice, half of the original 
phenoxthionine is recovered as the oxide (donor), the remaining half 
being recovered unchanged (acceptor). The coloured solution must 
therefore have been a homogeneous solution of a diphenoxthionylium 
compound, doubtless (by analogy with the corresponding tellurylium 
compound) in combination with sulphuric acid molecules. 

It may be postulated that an additive compound * with sulphuric 
acid (VIII) is first produced and that this is transformed to the 
quinonoid form (IX) by the migration of its anion. Two molecules 
of (IX) are then oxidised by sulphuric acid to form a single mole- 
cule of diphenoathionylium dibisulphate (X). The transformation 
of (IX) to (X_) is thus similar in principle to the oxidation by sulphuric 
acid of thiophenol to diphenyl disulphide (Stenhouse, Annalen, 
1869, 149, 251). 


(IX.) 


(x.) “SO,H 
* Throughout the paper, dotted bonds indicate polar linkings, 
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On the above view, the change is seen to involve the transfer of 
an electron across the central ring of each phenoxthionine nucleys 
from oxygen to sulphur. The reaction may, however, be expressed 
in still simpler terms, if the suggestion (J., 1926, 3062) be adopted 
that reducing agents are substances which exchange electrons for 
anions. In that case, each molecule of the reducing agent, phenox. 
thionine, parts with an electron to sulphuric acid, receiving jn 
exchange the bisulphate anion; the lost electron is then “ replaced” 
by sharing (through the sulphur atoms) with another similar residue, 
giving (X). The nascent hydrogen, generated on receipt of the 
electron by a sulphuric acid molecule, is regarded as being directly 
removed by the excess of sulphuric acid. 

It is a striking fact that a thionylium compound is produced 
when phenoxthionine oxide (III) is dissolved in sulphuric acid. 
The violet solutions of the oxide invariably yield phenoxthionine 
when decomposed by ice. Sulphuric acid acts, therefore, both as 
an oxidising agent towards the free sulphide and as a reducing 
agent towards its oxide, the reaction apparently ceasing when the 
thionylium state has been attained. 

In the case of the oxide, however, secondary reactions ensue. 
Fresh solutions of phenoxthionine oxide in cold sulphuric acid give 
both phenoxthionine and its oxide after treatment with ice; but 
from solutions allowed to stand during 2 hours oxide can no longer 
be recovered, the products then consisting of phenoxthionine 
equivalent to about one-third of the original oxide, together with 
a yellow amorphous product. This substance, which is not a 
sulphonic acid, gives an intensely blue colour with sulphuric acid 
and is therefore probably a nuclear-oxidation product of a thionylium 
compound, e.g., (XI). 


When a solution of stains oxide in sulphuric acid # 
warmed on the water-bath, the violet colour changes to a permanelt 
blue; and the blue solution, diluted with water, yields phenox 
thionine equivalent to only about one-quarter of the original oxide, 
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the remaining product being similar to the above amorphous 
substance. 

It is clear, therefore, that, although the action of sulphuric acid 
upon phenoxthionine oxide is complex, it invariably gives rise to 
thionylium compounds, which in part survive even when the 
lution is heated. Probably the first reaction consists in the 
formation of the oxythionylium compound (XII), a proportion of 
which loses persulphuric acid, giving the thionylium compound 
(X); while the remainder undergoes inner oxidation to (XI). The 
argument receives support from the fact that Fries and Volk (Ber., 
1909, 42, 1170) have detected the formation of persulphuric acid 
when dimethylthianthrene oxide is dissolved in sulphuric acid. 


+ H,SO, + 2H,0 


Thionylium compounds are extremely sensitive to moisture, 
and are dissociated by acetic acid and by ether. Attempts to 
isolate them have proved fruitless. 

Selenylium compounds, however, are less readily decomposed 
by water and it has been possible to isolate one of them in a pure 
crystalline condition. 

The deep olive-green solution of phenoxselenine in cold sulphuric 
acid, decomposed by ice after 2 hours, gives only phenoxselenine 
(57-4, of the original weight) and phenoxselenine oxide (equivalent 
to 41-2%% of phenoxselenine). The green solution may thus consist 
of triphenoxselenylium dibisulphate together with rather less than 
a molecular proportion of diphenoxselenylium dibisulphate, both 
probably in combination with sulphuric acid molecules. 

Cautious dilution of such a solution with water gives two kinds 
of crystals, which are respectively deep copper-red (A) and dark 
purple (B). Conditions can be chosen in which only (A) is formed, 
but (B) has not been obtained free from (A). Recrystallisation 
from acetic acid does not alter the composition of (A), but erystal- 
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lisation of the mixture of (A) and (B) from acetic acid containing 
a drop of sulphuric acid transforms the whole into (A). 

The red crystals consist of triphenoxselenylium dibisulphat 
sulphuric acid dihydrate (XIII; compare VIII in Part IV of this 
series; preceding paper). When decomposed by water, this sub. 
stance gives only sulphuric acid, phenoxselenine (46-7°%), and 
phenoxselenine oxide (equivalent to 23-0% phenoxselenine). Thus 
it contains two molecular proportions of phenoxselenine in the 
acceptor and one in the donor condition. Moreover, it yields 
69-7% of total phenoxselenine, as against 69-35%, demanded by 
theory. 

The total sulphuric acid in this compound may be determined 
accurately by titration, whereas such is not the case with the 
tellurylium compounds, the sulphates of phenoxtellurine being 
less easily hydrolysed. 

Compound (XIII) gives in acetic acid an intensely green solution 
which becomes almost colourless when warmed, and violet when 
heated to a higher temperature. Small amounts of added sulphuric 
acid increase the intensities of the colours. The feebly coloured 
solution may consist of the dissociated constituents (sulphuric acid, 
phenoxselenine, and phenoxselenine oxide); whereas the violet 
solution probably contains an oxyselenylium compound, analogous 
to (XII). The green solution contains the undissociated compound. 

This view is supported by the fact that the sulphuric acid solution 
of phenoxselenine oxide is violet, becoming permanently blue on 
being heated. The changes are analogous to those given by 
phenoxthionine oxide. 

The purple crystals (B) consist either of a diphenoxselenyliun 
compound or of the above substance (XIII) deprived of the molecule 
of attached sulphuric acid. 

Phenoxselenine dibromide (VII) evolves hydrogen bromide when 
dissolved in concentrated sulphuric acid, giving a yellow solution 
which becomes orange-red on being warmed. On further warming, 
the solution becomes violet and then permanently blue. A similar 
behaviour is shown by the dichloride. The yellow colour is prob- 
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ably due to the formation of phenoxselenine dibisulphate (XIV), 
which becomes orange-red when it assumes the quinonoid con- 
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dition (XV). Transformation to the oxyselenylium state (analogous 
to XII), with the accompanying changes already suggested, pro- 
duces the violet colour, and inner oxidation to a complex (analogous 
to XI) represents the blue stage. 

Phenoxtellurine dibisulphate gives blue or blue-black substances 
vith warm phenoxthionine and with phenoxselenine in the cold, 
showing that mixed -ylium compounds, less stable than the telluryl- 
jum compounds, exist. The oxides of phenoxselenine and phenox- 
thionine act as acceptors towards phenoxtellurine dibisulphate 
when warmed, mixed oxy-ylium compounds probably being formed. 
The study of thionylium, selenylium, and tellurylium compounds 


rmined @ shows that, having regard to the three elements in their quadri- 
th the™ valent states, sulphur may be associated in its compounds with 
being § 18 or with 20 electrons, selenium with 36 or with 38 electrons, and 


tellurium with 54 or with 56 electrons. The tendency to become 


lution | associated with the higher number of electrons decreases in the order 
when @ Te, Se, S, as is shown by the diminishing stability of the corre- 
phuric # sponding -ylium compounds in the presence of water or organic 
loured @ solvents. It may be inferred that the tendency of oxygen to 


become associated with 12 electrons is even less than the tendency 
of sulphur to become associated with 20, but the possibility that 
-ylium compounds of oxygen are capable of existence in strongly 
acid solutions is by no means excluded. 

The stability of the oxides of phenoxthionine, phenoxselenine, 
and phenoxtellurine towards heat appears to decrease in the order 
§, Se, Te, but that of the dihalides, towards substances capable of 
halogenation and towards mineral acids, decreases in the order 
Te, Se, S. The stability towards heat of the dihydroxides appears 
to decrease in the order Te, Se, S; and the stability towards 
hydrolytic agents of such salts as the diacetates, dibisulphates, and 
dinitrates decreases in the same order. 

The existence of -ylium salts makes it probable that ‘‘ dimeric ”’ 
structures of analogous nature are associated with the changes 
undergone by the thianthrens (Fries and Volk, loc. cit.), and by 
other substances containing similar ring systems. 
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Quinhydrones. 


The compounds of the quinhydrone type simulate in many 
respects the behaviour of the tellurylium compounds, and it is 
accordingly suggested that the former substances possess a carbon- 
ylium structure. Quinhydrone itself, for example, may on this 
hypothesis be formulated as (XVI), its generator, quinol, being 
regarded as able to assume the carbonium phase (XVII). The 
latter molecule would be capable of passing to (XVI) either by 


V), 
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direct oxidation or by union with quinone. Replacement of the 
mobile hydrogen atom in (XVII) by an alkyl group would be 
expected to diminish the tendency towards quinhydrone formation, 
on account of the reluctance of the alkyl radical to assume a charge. 
and this accords with the experience that quinol dialkyl ethers 
form only unstable Pc paalysr 


(XVI.) HOC 0 o— >—Ko 00H uC0-SoH (XVI) 

The same considerations would apply to the compounds formed 
by diamines and alkylated diamines with quinones and quinone. 
imines, which would contain an imino-bridge. In the alkylated 
diamines, however, the alkyl groups would be more electropositive 
than those in the ethers. The p-quinonoid oxygen- or imino. 
bridge, unlike the simple p-bridge, is in conformity with stereo. 
chemical requirements for formule consisting of open chains of 
quinonoid benzene nuclei (e.g., XVI), but not for closed chains of 
such nuclei. In cases of the latter type, perhaps, for example, in 
that of the compound of benzidine and quinonedi-imine, the bridge 
may be regarded as opened by the formation of a dipole. That 
the carbon-carbon linking in such a compound as (XVI) would be 
prone to ready disruption is rendered exceedingly probable by the 
recent work of Conant (J. Amer. Chem. Soc., 1927, 49, 2080). It 
has been shown, too, by Goldschmidt and Christmann (Ber., 1924, 
57, 711) that a pair of salt-forming hydroxyl groups still exists in 
quinhydrone, for the deep blue sodium salt of this substance was 
isolated in the solid state. This is in agreement with the formul- 
ations now proposed. 

For phenoquinone the formula (XVIII) is suggested ; and in the 
pyrone series, Hantzsch and Denstorff’s perbromide of dimethyl- 
pyrone hydrobromide (Annalen, 1906, 349, 39) may be regarded 
as possessing the structure (XIX), the donor in this case being the 
dimethylpyrone dibromide (XX) and the acceptor dimethylpyrone 
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itself (compare Collie and Klein, J., 1927, 2162). The donor 
therefore parts with an anion, as in the case of the phenoxtellurine 
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Of the § and similar salts; whereas, in the formation of true quinhydrones, 
ld be Hihe donor is probably to be regarded as parting with a kation. 
‘ation, Mf Since in some instances aromatic hydrocarbons, such as durene and 
large; hexamethylbenzene, form quinhydrones with suitable quinones, the 
ethers  .ubstituted benzene nucleus must be capable of parting with charged 
hydrogen or alkyl. It may be noted that a mixture of a quinone 
with a quinol of another series contains the quinone of the latter 
Il.) vries (Siegmund, J. pr. Chem., 1915, 92, 342), so that it is evident 
that hydrogen exchange occurs from quinol to quinone in accord with 
rmed # ‘he scheme outlined above. In all of the cases cited, the negatively 
ame charged oxygen atom of the quinone or other ketone (or the nitrogen 
lated atom of the quinoneimine) is regarded as receiving the kation, the 
itive nuclei then joining owing to the attraction between the negative 
nin0- # and the positive carbon atoms. The suggested process may be 
aA illustrated as follows for the formation of saa, ea : 
in P HOCK Coe 0-6 DB: O—> HOCK S¢ (~ ~ dez0 
‘idge 
That = 
K~oSc—c ee LO. o» Oo» 
dhe § —> HO-C—O—C-+ O—> HO —>— “0 OH. 
= ehh io 
It Os 
024, be 
sin In toluquinol (XXI), the carbon-carbon linking is unstable, 
was the compound isomerising in presence of alkali to (XXII) (compare 
wl. § Bamberger, Annalen, 1912, 390, 164). 
O OH 
+ 
= (XXI.) a as uf (X XII.) 
- on, Xon Oi 
the 3 
and EXPERIMENTAL. 
Phenoxthionine (1).—Phenoxtellurine (3 g.) and sulphur (0°35 
. to 0-4 g.) were heated together until reaction set in. This having 


ceased, the organic product was boiled during 0 minutes, and then 
distilled; or it was cooled and extracted by ether or chloroform. 
The product (2-1 g.) separated from acetic acid in pale yellow 
needles, m. p. 57—58°, unaltered by further crystallisation. The 
crystals contained 6—7%%, of unaltered phenoxtellurine (Found : 
C, 69-8, 70-0; H, 3-9, 4.0%). Purification was effected by dis- 
solving the substance in chloroform, adding a few drops of bromine, 
filtering the solution, and allowing the solvent to evaporate; the 
residue was then warmed with a little acetone (which was allowed 
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to evaporate), taken up in ether, and filtered. From alcohol, it 
formed inch-long, colourless, refractive, prismatic needles or plates, 
m. p. 58° after slight shrinkage from 56°. Mauthner (loc. cit, 
gives m. p. 60—61°; but purification of the present author’s product 
by several methods failed to raise the melting point (Found: ¢, 
71-7, 71-8; H, 4-1, 4-0. Cale. for C,,H,OS: C, 72-0; H, 4-0%). 

Phenoxthionine oxide (III) is prepared by adding a slight exces; 
of hydrogen peroxide to a glacial acetic acid solution of phenox. 
thionine, warming the mixture for a few minutes, and diluting it 
somewhat with water. The oxide forms colourless massive needles 
or prisms from acetic acid or benzene, is rather sparingly soluble 
in hot water to a neutral solution, and does not form a hydroxide. 
It forms phenoxthionine when treated with zinc dust and acetic 
acid; and is reduced also by warm acetic—hydrochloric acids, 
evolving chlorine, which partly chlorinates the resulting phenox. 
thionine. It melts at 158—159°, and gives a, deep violet color. 
ation in warm, syrupy phosphoric acid (Found: C, 66-8; H, 3:7. 
C,,.H,0.8 requires C, 66-7; H, 3-7%). 

Phenoxthionine dioxide (IV) is prepared by the prolonged action 
of hydrogen peroxide upon phenoxthionine in glacial acetic acid, 
or by the action of chromic acid or potassium permanganate. It 
forms long, colourless needles, m. p. 147—148°, from dilute acetic 
acid, and is unaltered even when dissolved in hot sulphuric acid. 
It is very resistant to reducing agents and appears quite unaffected 
by hot acetic—hydrochloric acids (Found: C, 61-9; H, 3-3; §, 
13-4. C,,H,0.8 requires C, 62:05; H, 3:5; S, 13-8%). 

Action of Sulphuric Acid upon Phenoxthionine.—Phenoxthionine 


(0-3752 g.) was dissolved in cold concentrated sulphuric acid (5 c.c.). | 


The deep violet solution was kept for 3 hours, the evolved sulphur 
dioxide being drawn off under reduced pressure. The solution was 
then cooled in ice and salt, and decomposed by ice (30 g.). The 
colourless suspension was filtered, and the filtrate extracted with 
chloroform; the filter-paper was washed with chloroform. The 
total amount of solid recovered (dried over phosphorus pentoxide) 
was 03798 g. From it the phenoxthionine (0:1891 g., m. p. 57— 
58°) was extracted quantitatively by cold light petroleum (b. p. 
40—60°). The residue of almost pure phenoxthionine oxide (m. p. 
155—156°, after one crystallisation from dilute acetic acid) amounted 
to 0-1875 g. These results show that phenoxthionine and its oxide 
are present in molecular proportion in the coloured solution. More- 
over, these two substances must be combined, since neither is stable 
towards sulphuric acid in the free condition. A thionylium com- 
pound (X) is therefore present. 

Action of Sulphuric Acid on Phenoxthionine Oxide.—(1) Phenox- 
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thionine oxide (0-3902 g.) was dissolved in concentrated sulphuric 
acid (5 c.c.); sulphur dioxide was not evolved, nor was the evolution 
of oxygen detected. The intensely purplish-violet solution was 
kept during 2 hours and then decomposed with ice (20 g.). The 
recovered brown solid gave pure phenoxthionine (0-1247 g.) on 
extraction with cold petroleum. The brown insoluble residue 
(02658 g.), probably containing a little phenoxthionine oxide, could 
not be separated into pure constituents. The more sparingly 
soluble portion, left after extraction with cold acetone, was a 
brown, amorphous solid, m. p. 215—220° (decomp.), which gave 
an intensely blue coloration with cold sulphuric acid. This sub- 
stance is considered to be a complex of the type represented in 
formula (XI). It is clear that the phenoxthionine recovered could 
not have been present as such in the sulphuric acid solution, other- 
wise sulphur dioxide would have been evolved. The experiment 
thus showed that a thionylium compound was produced. 

(2) Phenoxthionine oxide (0-3215 g.) in concentrated sulphuric 
acid (4 c.c.) was heated on a water-bath during } hour, until the 
violet colour became blue; some sulphur dioxide was liberated. 
Decomposition with water led to the isolation of pure phenox- 
thionine (00883 g.). The remaining product was similar to the 
amorphous substance in (1). 

(3) When a solution of phenoxthionine oxide, similar to that 
in (1) above, was kept for only 5 minutes before decomposition 
with ice, both phenoxthionine and phenoxthionine oxide were 
isolated from it in the pure condition, but a proportion of the 
amorphous substance was nevertheless produced. 

Phenoxselenine (I1).—Phenoxtellurine (3 g.) and powdered black 
selenium (0-9—1-3 g.) were mixed and heated so that the phenox- 
tellurine boiled gently during 4 to 1 hour. The organic product 
(26 g¢.) was distilled, or extracted with ether or chloroform. It 
crystallised from acetic acid in long, sulphur-yellow needles, m. p. 
82—84°, and was a mixture or compound containing about 2 mols. 
of phenoxselenine to 1 mol. of phenoxtellurine (Found: C, 54-9, 
551; H, 3-1, 3-2%). It was resolved into its constituents by 
dissolving it in cold chloroform and adding a slight excess of bromine, 
collecting the mixed dibromides, and boiling them with acetone for 
a few minutes under reflux. The acetone and bromoacetone were 
allowed to evaporate, and the residue was taken up in ether and 
filtered from the insoluble phenoxtellurine dibromide. The ethereal 
solution left almost pure phenoxselenine. Phenoxselenine separates 
from alcohol or acetic acid in long, colourless, refractive, rectangular 
prisms, m. p. 87—88°, which have a faint odour of rose leaves 
(Found: C, 58:2; H, 3:3; Se, 31-1. C,,.H,OSe requires C, 58-3; 
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H, 3-25; Se, 320%). It forms halides when treated with the 
halogen elements, dissolved in chloroform. 

Phenoxselenine dichloride crystallises in light yellow, glistening 
plates, m. p. 127° (decomp.), from acetic acid. Phenoxselening 
dibromide (VII) forms orange-red spangles, m. p. 147—148° (de. 
comp.), from acetic acid. These halides give no coloration when 
ground with phenoxtellurine, even on being warmed. 

Phenoxselenine oxide (V) was prepared by dissolving phenox. 
selenine in warm glacial acetic acid and adding a slight excess of 
hydrogen peroxide. The solution of the unstable diacetate was 
allowed to evaporate in the air, the crude product dissolved in a 
little hot water, and the solution allowed to cool undisturbed and 
then rapidly extracted with its own bulk of ether (to remove traces 
of unchanged phenoxselenine). The aqueous layer now crystal. 
lised, on scratching, in inch-long, slender, colourless needles of 
phenoxselenine dihydroxide (VI), very readily soluble in water 
(Found for air-dried substance: C, 51-25; H, 3-8. C,,H,,0,Se 
requires C, 51-2; H, 3-6%). The dihydroxide loses a molecule of 
water when dried at 100° in a vacuum over phosphorus pentoxide 
(Found, using 60 mg. of substance : loss of H,O, 7-4. Calc., 6-4%), 
forming phenoxselenine oxide (V), a colourless, crystalline powder, 
m. p. 171—172°. Water changes it again to the dihydroxide, the 
aqueous solution of which is neutral. Above its melting point, the 
oxide is quantitatively transformed to phenoxselenine. Both the 
oxide and the dihydroxide vigorously decomposed hydrogen per- 
oxide in glacial acetic acid solution (Found for the vacuum-dried 
oxide: C, 54-4; H, 3-15. C,,H,0,Se requires C, 54:7; H, 3-05%). 
The dihydroxide is devoid of special bactericidal activity. 

Action of Sulphuric Acid on Phenoxselenine—The deep olive- 
green solution of phenoxselenine (0-2490 g.) in concentrated sulphuric 
acid (4 c.c.) evolved sulphur dioxide. After 2 hours, it was cooled 
in ice-salt and completely decomposed by ice. The colourless 
precipitate was filtered off, dried, and extracted by chloroform, 
the chloroform solution being then warmed with water; the solvent 
was allowed to evaporate, and the dried residue extracted by cold 
light petroleum (b. p. 40—60°), to free it from a little insoluble 
phenoxselenine oxide, which was then added to the aqueous solu- 
tion. The petroleum left almost pure phenoxselenine (0-1429 g.), 
m. p. 85—88°, representing the acceptor portion. The aqueous 
solution and washings were then reduced with potassium metabi- 
sulphite and the donor portion of phenoxselenine (m. p. 85—88°) 
was estimated as before: found, 0-1025 g. The donor portion 
cannot in this case be estimated as phenoxselenine oxide, owing to 
the great solubility of this compound in water. 
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Triphenoxselenylium Dibisulphate Sulphuric Acid Dihydrate (X1I1). 
—Preparation. (1) The deep greenish-black solution of phenox- 
glenine (1 g.) in concentrated sulphuric acid (6 c.c.) was warmed 
gently during 5 minutes, sulphur dioxide escaping. To the cooled 
liquid, water (4 c.c.) was gradually added with stirring. After 
36 hours, the copper-red crystals were filtered off through sintered 
glass, and rapidly spread on dried porous plate in a desiccator. 
The mother-liquor gave a further crop of the crystals when treated 
with more water (3 c.c.). 

(2) Phenoxselenine (0-8 g.) in concentrated sulphuric acid (7 c.c.) 
was left during 3 hours and then treated with water (7 c.c.). After 
standing, the liquid deposited a crop of the copper-red crystals. 
The mother-liquor, treated with more water (4 c.c.), now gave on 
standing a mixture of the copper-red crystals with bronzed-purple 
crystals. On recrystallisation from hot glacial acetic acid con- 
taining a few drops of sulphuric acid, this mixture gave only the 
copper-red crystals. 

The triphenoxselenylium compound forms large, deep copper- 
red, rectangular tablets from acetic acid, the crystals giving a 
purplish-black powder. In a sealed tube, the powder changes near 
155°, and then melts at 168° to a deep greenish-black liquid. The 
solution in sulphuric acid is olive-green, becoming violet on dilution 
or warming (reversible change). The substance is stable in moist 
air for only a few hours, being then gradually hydroxylated with 
loss of colour. Analysis showed that the substance was unaltered 
(merely purified) by crystallisation from acetic acid (Found in un- 
reerystallised substance: C, 38-8; H, 3-15. Found in substance 
crystallised from acetic acid alone : C, 40-5; H, 3-3; 8, 8-6. Found 
in substance crystallised from acetic acid containing sulphuric 
acid: C, 40-4; H, 3-1; 8, 8-65. C,gH,.0,,S,Se, requires C, 40-4; 
H, 30; 8, 9-0%). 

Hydroxylation of the Triphenoxselenylium Compound.—On treat- 
ment with cold water the substance breaks up quantitatively into 
sulphuric acid, phenoxselenine, and phenoxselenine oxide. 

(1) Specimen crystallised from acetic acid alone: 0-2576 g., 
treated with 10 c.c. of water and titrated in presence of methyl- 
orange, required 13-8 c.c. of N/10-sodium carbonate. The acceptor 
phenoxselenine (m. p. 87—88°) was extracted with ether: found, 
01200 g. Hence 1 g. requires 53-6 c.c. of N/10-alkali; and acceptor 
phenoxselenine amounts to 46-6%. 

(2) Specimen crystallised from acetic acid containing a few drops 
of sulphuric acid : 0-5237 g., treated with 20 c.c. of water, required 
28:2 c.c. of N/10-caustic soda. The acceptor phenoxselenine (m. p. 
87—88°) amounted to 0-2446 g. The aqueous liquid was reduced 
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with potassium metabisulphite, and the donor phenoxselening 
(m. p. 87—88°) extracted with chloroform: found, 0-125 g. 
Hence 1 g. requires 53-9 c.c. of N/10-alkali; acceptor phenoxselenine 
amounts to 46-7%; donor phenoxselenine to 23-0%; and total 
phenoxselenine to 69-7%. 

From the formula C3,H3,0,,8,Se, is calculated: 1 g. requires 
56:1 c.c. of N/10-alkali; acceptor phenoxselenine, 46-2% ; donor 
phenoxselenine, 23-1%; and total phenoxselenine, 69-35%. 

UNIVERSITY OF BIRMINGHAM, 

EDGBASTON. [Received, November 14th, 1927.] 


LX VII.—Silver Nitrate Concentration Cells in Aceto- 
nitrile and Benzonitrile. 


By Freperick Karu Victor Kocu. 


THE Nernst formula for concentration cells 
= 2(1 — m)RT [nF .log.C,/Cg. . . « (i) 

(where n, is the transport number of the kation for primary 
electrodes, and C, and C, are the concentrations of the ions in the 
two solutions) has received good confirmation for aqueous solutions. 
It was first tested for non-aqueous solutions by Kahlenberg (J. 
Physical Chem., 1900, 4, 709), who investigated concentration cells 
of silver nitrate and cadmium iodide in acetonitrile and pyridine. 
The discrepancies between the observed and the calculated L.M.F.’s 
were large, except for silver nitrate in acetonitrile, and Kahlenberg 
concluded that the Nernst formula was not applicable to non- 
aqueous solutions. It is known, however, that complex conditions 
exist both in solutions of cadmium iodide in acetonitrile (Koch, 
J., 1927, 647) and in solutions of silver nitrate in pyridine (Abegg 
and Neustadt, Z. physikal. Chem., 1909, 69, 486), although Sakhanov 
and Griinbaum (J. Russ. Phys. Chem. Soc., 1916, 48, 1794) found 
that the Nernst formula was obeyed in the latter case if the solutions 
were sufficiently dilute. Wilson (Amer. Chem. J., 1906, 35, 78) 
found that although solutions of silver nitrate in ethyl alcohol 
conformed to the Nernst formula, its solutions in methyl alcohol 
showed deviations from the theory. Grant and Partington (Trans. 
Faraday Soc., 1923, 19, 414), however, have shown that the theory 
is accurately obeyed in the latter solvent. The Nernst formula has 
further been confirmed for silver nitrate concentration cells in 
acetone (Roshdestwensky and Lewis, J., 1912, 101, 2094), ethyl 
alcohol (Pearce and Farr, J. Physical Chem., 1914, 18, 729; Krum- 
reich, Z. Elektrochem., 1916, 22, 446), and ammonia (Cady, J. 
Physical Chem., 1905, 9, 477). 
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The following results for silver nitrate concentration cells in 
yetonitrile and benzonitrile at 0° and 25° likewise support the 
Nernst formula, and show that the solution laws are obeyed in 
these solvents at least as nearly as in water. 


EXPERIMENTAL. 

Materials Acetonitrile and benzonitrile were purified as pre- 
riously described (J., 1927, 647; this vol., p. 269); they had 
specific conductivities of 0-5—1:0 x 10° and 0-5 x 10° mho, 
respectively, at 25°. Atomic-weight silver nitrate was kindly 
applied by Dr. H. F. Harwood. The most concentrated solution 
\V/10 approx.) was made up by weight and the others by volume- 
dilution. 

Apparatus.—The conductivity apparatus was the same as that 
previously described (loc. cit., 1927). The H.M.F.’s were measured 
by the usual Poggendorff compensation method. The bridge wire 
i0 m. long), which was of the drum type (Leeds and Northrup), 
yas calibrated by the method of Strouhal and Barus. The standard 
Weston cell was checked against other standard cells during the 
course of the investigations. Since the H.M.F.’s were small, they 
were measured in series with the standard cell in order to throw 
the zero point on to the centre of the bridge. Owing to the high 
resistance of these non-aqueous solutions, it is necessary to employ 
a high-resistance null instrument. Mudford’s electromagnetically 
shielded galvanometer, with a resistance of 10,000 ohms, proved 
quite satisfactory. 

The special all-glass cell was similar to that described by Krum- 
reich (loc. cit.), and could be entirely immersed in the thermostat. 
The electrodes were inserted by means of ground-in joints and the 
liquid-liquid junction bridge was made as short as possible in order 
to reduce the resistance of the cell to a minimum. The electrodes 
consisted of silver foil wound round glass tubing; they were coated 
with a compact layer of crystalline silver by plating in a concen- 
trated aqueous solution of silver nitrate, an even deposit being 
obtained by surrounding the electrode with a cylinder of silver foil. 
A platinum wire, which was fused to the silver foil, was connected 
through the bottom of the glass tube to the mercury—copper contact 
within. 

Limits of Accuracy—The E.M.F.’s in benzonitrile could be 
reproduced to about 0-5 millivolt, but those in acetonitrile only 
to about 1-0 millivolt; they have, however, been reduced in both 
cases to the nearest millivolt. The results given are the most con- 
sistent of several series which were recorded. The specific con- 
ductivity of every solution used was determined at 0° and 25° and 
the errors which would otherwise be introduced by intra- or extra- 
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polation were thus avoided. The conductivity readings may be 
considered accurate to 0-1%, and since in the calculation of the 
£.M.F.’s only the specific conductivities themselves are used, ali 
errors inherent in weighings, determination of density, etc., are 
automatically eliminated. 


Results and Discussion. 


In the following tables Q, and Q, are the weights of solvent 
(in kg. per g.-mol. of silver nitrate), and «x, and x, are the specific 
conductivities (in mhos) of the two electrode solutions. 


Q.- é.. 
487 8-21 
ws 16-4 

>? 32:8 
os 65:7 
s 121 
3: 243 
487 8-21 
Ri 16-4 
x 32-8 
fl 65:7 
ie 121 
* 243 
Q1 Q.. 
640 10-0 
‘5 20-0 
vi 40-0 
. 80-0 
ns 160 
» 20 
640 10-0 
i 20-0 
ms 40-0 
si 80-0 
= 160 
in 320 


Acetonitrile. 
xk, X 10%. x, X 10%. JF (obs.). Nz. E (cale.), 
At 25° + 0-01°. 
0-2672 5-970 0-086 0-461 0-087 
be 3-775 0-075 0-449 0-074 
s 2-332 0-059 0-470 0-061 
ie 1-387 0-047 0-445 0-046 
- 0-7958 0-030 0:465 0-031 
ss 00-4444 0-012 (0-540) 0-014 
Mean 0-458 
At 0° + 0-01°. 
0-2082 4-992 0-083 0-445 0-082 
A 3-139 0-068 0-467 0-070 
es 1-919 0-056 0-464 0-057 
2 1-124 0-044 0-445 0-043 
x 0-6339 0-029 0-446 0-029 
os 0-3491 0-012 (0-506) 0-013 
Mean 0-453 
Benzonitrile. 
K, X 10%. «eg X 104. E (obs.). Ny. E (cale.). 
At 25° + 0-01°. 
0:3295 4-823 0-076 0-451 0-074 
" 2-948 0-061 0-459 0-060 
me 1-880 0-049 0-468 0-048 
a 1-237 0-036 0-467 0-036 
i 0:7716 0-023 0-474 0-024 
i 05217 0-012 0-475 0-013 
Mean 0-466 
At 0° + 0-01°. 
0:2221 3-134 0-069 0-446 0-067 
- 1-963 0-056 0-450 0-055 
ée 1-274 0-045 0-457 0-044 
_ 0-8459 0-034 0-462 0-034 
me 0-5194 0-021 0-473 0-022 
om 00-3521 0-011 0:475 0-012 
Mean 0-461 


The assumption has been made that the ionic concentration may 
be deduced from conductivity measurements. 


O1/C_ = aN y/a.N, 
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shere «,, % are the degrees of ionisation and NV,, N, are the norm- 
ilities of the two solutions, respectively. 

But a = Ay/Ay, % = Ag/Ax \ 3s ubiie ale 
yhere A, and A, are the molecular conductivities corresponding 
to the normalities NV, and N,, and A,, is the molecular conductivity 
it infinite dilution. By inserting (3) in (2) and (2) in (1) 


E = 2(1 — n)RT/F .logew,/mn . . «© « (4) 


for a silver nitrate concentration cell (n = 1). 

We have thus eliminated A,, and require only the values of the 
specific conductivities of the two solutions and that of the transport 
number in order to calculate the H.M.F.’s. The transport number 
of the silver ion for silver nitrate solutions in acetonitrile has been 
found by Schlundt (J. Physical Chem., 1903, 6, 189), using the 
direct Hittorf method, to be 0-448 and 0-471 for N/11- and N/35- 
solutions, respectively; but H. H. Morgan (in this laboratory; 
wmpublished) obtained the values 0-442 and 0-448 at the same 
concentrations, showing a considerably smaller variation with 
dilution. Since no values of the transport number of the silver 
ion in benzonitrile are recorded in the literature, a determination 
was made for an NV/10-solution by the usua] method and found to 
be 0:396 (mean of 0-392 and 0-400). Determinations in more 
dilute solutions are untrustworthy owing to the high electrical 
resistance. The figures for nm in the sixth column of the tables 
were deduced by comparing the observed #.M.F’. with the £.M.F. 
calculated on the basis of the formula EH = RT'/F . log, «,/x,. The 
mean value of n, was then used to obtain Z (cale.) by formula (4). 

It will be observed that the values of n, for acetonitrile lie near 
to those obtained by Schlundt and Morgan, and those for benzo- 
nitrile, although higher than the value obtained by the direct 
method for an N/10-solution, are nearly the same as » for aceto- 
nitrile. It has in fact been shown by Walden [‘‘ Elektrochemie 
Nichtwasseriger Lésungen, 1924, p. 185; see also Carrara, Gazzetta, 
1903, 33, (ii), 241], on the basis of the expression wy = k (where 
wis the mobility of an ion, » the viscosity of the solvent, and k 
a constant), that the transport number of an ion in a given salt 
should be independent of the solvent. 


In conclusion, the author wishes to express his best thanks to 
Professor J. C. Philip, F.R.S., for his interest and kindly criticism 
during the course of this work. 

IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 

South KENSINGTON. [Received, January 20th, 1928.] 
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Allyl Hexoate and Octoate. By VeENaANcio DEvLorev. 
ALLYL iodide (30 g.) was gently boiled for 2 hours with silver hexoate 
(42 g.). The liquid product was separated from the silver com. 
pounds by means of ether and distilled. The fraction (24 g.), b. p. 
186—188°, was regarded as allyl hexoate and was analysed after 
redistillation (yield, 75%) (Found: C, 69:3; H, 10-4. ©,H,,0, 
requires C, 69-2; H, 10-2%). Allyl octoate, b. p. 225—230°, was 
similarly prepared from silver octoate (yield, 71%) (Found: (, 
71-3; H, 10-6. C,,H, 0, requires C, 71-7; H, 10-8%). Both esters 
are oily compounds with a slightly pungent odour.—Rivapavi 
5758, Buenos Atres. |[Received, December 31st, 1927.] 


Composition of Bleaching Powder. By Cuar.Es T. Kinazert. 
O’Connor’s statement (J., 1927, 2700) to the effect that I considered 
the constitution of the calcium hypochlorite I had prepared from 
bleaching powder (J., 1875, 28, 404) as Ca(ClO),,4H,O requires 
correction. The formula in question represented only the con- 
position of the substance as separated in a more or less wet condition 
and not its constitution. That it was a hydrate of calcium hypo- 
chlorite there could be little doubt, but I confined my claims to the 
facts (1) that this compound had not previously been prepared ina 
solid state, (2) that it had been prepared from bleaching powder in 
the manner described, and (3) that analysis of the compound, 
rapidly dried between sheets of filter-paper but mechanically 
associated with some water, had the composition represented by 
Ca(ClO),, 4H,O.—[ Received, December 8th, 1927.] 


The Rearrangement of Benzyl Phenyl Ether. By WALLACE 

FRANK SHORT. 
WHEN benzyl phenyl ether is heated to 225° in presence of anhydrous 
zinc chloride, or to 180° if a stream of hydrogen chloride is also passed 
through the mixture, a vigorous reaction occurs. The product, on 
distillation under diminished pressure, yields phenol, o-hydroxydi- 
phenylmethane (m. p. 54°; phenylurethane, m. p. 118°), p-hydroxydi- 
phenylmethane (m. p. 84—84-5°; identified by conversion into 
p-methoxybenzophenone, m. p. 61—62°), and products of high boiling 
point. Since phenol is produced, it is probable that the reaction 
follows a course similar to the Hofmann rearrangement of alkyl- 
anilines, benzyl chloride being formed as an intermediate. The 
investigation will be extended to substituted benzyl pheny] ethers 
containing substituents in both benzene nucleii—UNiveErsITy 
CoLLEGE, AUCKLAND, NEw ZEALAND. [Received, December ‘th, 
1927.] 
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[XVILI.—T he Isomerism of the Oximes. Part XX XIII. 
The Oximes of Opianic Acid and of Phthalic 
Anhydride. 


By Oscar L. Brapy, Lustre C. Baker, Ricwarp F. 
GoLpsTEIN, and SamMvuEL Hargis. 


‘ “Blue oxime of opianic acid (I) was first obtained by W. H. Perkin, 


wi. (J., 1890, 57, 1070) by the action of hydroxylamine on an 
kaline solution of opianic acid. When, however, hydroxylamine 
iydrochloride acts upon opianic acid in aqueous alcohol at room 
imperature, opianic oxime anhydride (IT) is produced (Liebermann, 
Ber., 1886, 19, 2278, 2923). Both the oxime and its anhydride on 
sion are converted into hemipinimide with the evolution of much 
iat, and the same change occurs when they are heated with 
ylvents containing a trace of acid (Liebermann, Joc. cit.; Perkin, 
lc. cit.; compare also Liebermann and Stohmann, Ber., 1892, 25, 
9%; Roth, Z. Elektrochem., 1910, 16, 657). 

It was thought that further investigation of this change might 
produce some evidence which would enable a decision to be made 
between Hantzsch’s configurations for the aldoximes and those 
more recently suggested (Beckmann, Liesche, and Correns, Ber., 
1923, 56, 341; von Auwers and Ottens, Ber., 1924, 57, 446; Brady 
and Bishop, J., 1925, 127, 1357). 

R-CH R-CH . R-CH R-CH 
HON NOH NOH HON 
a-Oxime B-Oxime a-Oxime B-Oxime 

Hantzsch New configurations 

Opianic oxime exists only in one form and behaves in a similar 
manner to «-aldoximes. ‘The best method of distinguishing between 
+ and $-aldoximes cannot be applied, since on treatment with 
acetic anhydride opianic oxime gives, not an acetyl derivative, but 
iplanic oxime anhydride, even when special precautions are taken. 
However, by the action of 2 : 4-dinitrochlorobenzene on the sodium 
alt of opianic oxime the dinitropheny! ether is formed, as is the 
tase With «-benzaldoxime and substituted «-benzaldoximes, whereas 
-benzaldoxime gives the aldehyde on treatment with this reagent 
(Brady and Truszkowski, J., 1924, 125, 1087). There is, moreover, 
lo reason to suppose that in the formation of opianic oxime there 
isany exception to the, so far, invariable experience that the action 
of an alkaline solution of hydroxylamine on an aldehyde in which 
the aldehyde group is directly attached to the benzene ring produces 


the «-aldoxime. 
T 
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Adopting the new configurations, opianic oxime must, therefore, 


be represented as (I). 
, MeO MeO OMe 
Meo’ OOH = Meo sail | Me0/ \CO,H 
c=N CH=N aad 
(I.) H OH (II.) (III.) 
MeO CO MeO CO 
ty 
aia N:0 ert Vv.) 
y 
A “NH 


Opianic oxime anhydride is best represented by (II). Of other 
possibilities, (III) has been excluded by the synthesis of this acid 
by Hoogewerff and van Dorp (Rec. trav. chim., 1895, 14, 274), 
(IV) and (V) are unlikely, since the compound is unaffected by 
boiling acetic anhydride—a reagent which would acetylate (V) 
and might be expected to convert (IV) into hemipinimide by a 
Beckmann change (Brady and Dunn, J., 1926, 2411). 

Adopting the new configurations, the formation of the anhydride 
from the oxime may be represented as a simple ring closure between 
vicinal groups, 


OMe 00-0: OMe oo—o 
Né==in” C—=N 


or by a mechanism analogous to that employed by Meisenheimer 
(Ber., 1924, 57, 278) to explain the formation of an anhydride 


from y-benzildioxime. 
MeO ‘i MeO MeO ng 
CO-OH CO—O 
MeO / __, MeO / { MeO, 
C—N a O==N 
H OH sroghorices H 
OH H: (VII.) 


We prefer the second mechanism, because opianic oxime anhydride 
behaves as the acyl derivative of a B-aldoxime, giving the nitrile 
(III) and not the original oxime on warming with alkalis. Since 
opianic oxime is an «-aldoxime, during anhydride formation a change 
of configuration must have taken place. This occurs only if the 
second mechanism be adopted, (VI) representing an acyl derivative 
of an «-aldoxime (compare acetyl-«-benzaldoxime, VIII), and (VI) 


heat 
any 


: other 
is acid 
, 274), 
ed by 
te (V) 
by a 


ydride 


‘tween 
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an acyl derivative of a B-aldoxime (compare acetyl-8-benzaldoxime, 
IX). 
(VIII) H QAc QAc x,) 
C,H,;-C—N C.H;-C—N 
H 


If Hantzsch’s configurations of the aldoximes be adopted, in order 
that a change of configuration shall take place during anhydride 
formation, the constitution (VI) must be assigned to the anhydride. 
Such a structure seems improbable on account of the difficulty of 
translating it into a spatial formula. 


MeO MeO MeO 
CO-OH CO—O ) CO-O 
u@6: Meo Yt | —» MeO Yn Pvt 
\C=N YO==N ‘Oa 
OH H OH 
The behaviour of opianic oxime anhydride accordingly supports the 
new configuration of the aldoximes. 
The formation of hemipinimide from opianic oxime anhydride 
may be regarded as taking place either through a trans-Beckmann 
change, 


OMe OMe 


MeO CO—O MeO CO-O 
| J agaminas Ne 
C==N C—NH 


H 


or through the intermediate formation of 2-cyano-5 : 6-dimethoxy- 
benzoic acid (III), which has been shown to give hemipinimide 
on heating (Hoogewerfi and van Dorp, Joc. cit.). 


OMe OMe 


MeO, —CO—O MeO CO,H 
Ok eon Os 
C==N 
H 


(IIT.) 


The chief argument in favour of the former is that we have found 
that the N-alkyl derivatives of opianic oxime (X) on fusing, on 


OMe OMe CO,H MeO CO 


CO,H 
a@¢ —> Me0/\“ * —> Med NAlk 
\CHINAIK:O \co-NHAIk 


(X.) O 
heating in solvents in the presence of acids, or on boiling with acetic 
anhydride, give alkyl hemipinimides, Here there is no possibility 
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of nitrile formation and the reaction is best interpreted as a Beck. 
mann change (compare also the change of the oxime of levulic 
acid to N-methylsuccinimide; Bredt and Béddinghaus, Annalen 
1889, 254, 316). On the other hand, in favour of the cyano-acid 
mechanism the following considerations can be urged. Allendorf 
(Ber., 1891, 24, 2347) was able to isolate o-cyanobenzoic acid as ap 
intermediate product in the conversion of the analogous phthal. 
aldehydic oxime anhydride into phthalimide by heat. The isolation 
of the cyano-acid in the case of opianic oxime anhydride could not 
be expected, for, whereas o-cyanobenzoic acid changes to phthalimide 
at a temperature above the melting and transition point of the 
oxime anhydride, 2-cyano-5 : 6-dimethoxybenzoic acid changes to 
hemipinimide at a temperature at which opianic oxime anhydride 
is stable. Opianic oxime anhydride does not contain a quinque. 
valent nitrogen atom, the presence of which Brady and Dum 
(loc. cit.) regard as necessary before the Beckmann change can 
occur. Finally we have found that the anhydride of the oxime 
of acetophenone-o-carboxylic acid (Gabriel, Ber., 1883, 16, 1995) 
is unaltered on melting, can be distilled unchanged under reduced 
pressure, and is not affected by heating for 10 minutes at 100° with 
concentrated sulphuric acid. Nitrile formation cannot occur in 
this case, but a Beckmann change should give N-methylphthalimide, 


/CO—O /CO-O CO, 
C) | — ZL CO NMe 
\CMe—N C.NMe \CO/ 
It seems, therefore, that the cyano-acid must be the intermediate 
stage in the change of opianic oxime anhydride to hemipinimide. 

The action of methyl sulphate upon an alkaline solution of 
opianic oxime or of O-methylhydroxylamine upon opianic acid 
leads to the formation of O-methylopianic oxime, a stable compound 
unchanged on fusion. 

We have measured the absorption spectra of opianic oxime, its 
anhydride, and O- and N-methyl ethers and those of hemipinimide 
and N-methylhemipinimide (Fig. 1). The curves for the oxime 
and the O- and N-ethers are normal (compare Brady, J., 1914, 
405, 2111), but the curve for the anhydride differs widely from 
those usually obtained for acylated aldoximes (Brady and Grayson, 
unpublished work) and suggests a relationship between the anhydride 
and hemipinimide which is not borne out by their chemical pro- 
perties. The curves, however, cannot be said to throw much 
further light on the constitution of the compounds. 

In connexion with this work the possibility of an analogous 
reaction between hydroxylamine and 4-nitrobenzaldehyde-o- 


Whit 
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sulphonic acid has been investigated, but no indication of the 
formation of the expected 4-nitrosaccharin was obtained even on 
heating the aldehyde with aqueous hydroxylamine hydrochloride 
at 160°. 

The two forms, white and yellow, of phthaloxime (Lassar-Cohn, 
Annalen, 1880, 205, 295; Lach, Ber., 1883, 16, 1781; Pratt and 
Orndorff, Amer. Chem. J., 1912, 47, 89) have been re-investigated. 


Fig. 1. Fic. 2. 
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A= Methylhemipinimide. B= Hemipinimide. C= Opianic oxime anhydr- 
ide. D=N-Methylopianic ovime. E = O-Methylopianic oxime. F = Opianic 
oxime. 


Yellow Phthaloxime. White Phthaloxime. 
0-Methylphthaloxime. White O-Methylphthaloxime. 
Methylphthaloxime. Phthalimide. 


Both forms melt and decompose at the same temperature and both 


yield series of derivatives in which the characteristic difference in 
colour persists. The various reactions may be summarised thus : 
White O-ethers Yellow O-ethers 
teak Viilht an 
on silver | salt on silver | salt 
boil with acetic acid or crystallise 


White oxime +> Yellow oxime 
aN from hydroxylic solvents ore ; A 


hot | acetic | NH,OH . cold | acetic | NH,OH 
anhy | dride | cold 48 anhy | dride cold 


Y 


White acetyl derivative Yellow acetyl derivative 


” 
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Analogous derivatives of the white and the yellow oxime always 
melt at the same temperature and the white and the yellow form 
show no depression of melting point in admixture. Both oximes 
give deeply coloured alkali salts, from which the original oximes are 
reprecipitated by acids. Pratt and Gibbs (Philippine J. Si, 
1913, 8, 165) measured the absorption spectra of the two phthal. 
oximes and of a number of their derivatives and also those of 
phthalimide, phthalanil, and related compounds. From thei 
curves, which agree very closely with those obtained by us (Fig, 2), 
and from the other reactions of the phthaloximes they concluded 
that these compounds are stereoisomerides. Pratt and Orndorf 
assumed that the ethers they obtained were both O-ethers, and we 
have now established this in the case of the methyl ethers by the 
quantitative formation of methyl iodide on boiling them with 
hydriodic acid and by the production of O-methylhydroxylamine 
by hydrolysis. By methylating a suspension of the sodium salts 
in methyl alcohol with either methyl iodide or methyl sulphate, 
only the O-ethers were obtained, no N-methyl derivative being 
formed. However, an N-methyl compound has been prepared 
from phthalic anhydride by the action of N-methylhydroxylamine ; 
this compound was white and we were unable to prepare a yellow 
modification under any conditions. The absorption spectra of the 
two oximes of the sodium salts and O-methyl ethers have been 
reinvestigated and that of the new N-ether has been determined. 
It was noticed that the derivatives of the yellow phthaloxime 
fluoresce green when their solutions in absolute alcohol are exposed 
to light from a tungsten arc, and that the yellow oxime, the white 
oxime, and its derivatives do not. The close similarity of the 
absorption spectra and the identity of melting points of the two 
forms rule out the possibility of one having the hydroxyimide 
structure C,H,(CO),:N-OH and differentiate the compounds from 
chromoisomerides. Polymorphism is excluded by the differential 
action of light on solutions of the two forms and by the fact that 
the solutions of the white or yellow oximes in alkali regenerate 
the parent compounds on acidification. Whilst it is true that the 
absorption spectra of the two forms differ by about the same amount 
as do those of «- and §-aldoximes, there is no evidence otherwise 
that they are stereoisomerides in the ordinary sense. ‘The stereo- 
isomeric oximes usually differ considerably in melting point and 
give normal fusion curves when mixed. The phthaloximes, in their 
chemical reactions, behave identically and, in spite of special 
attention, no indication has been obtained of those differences in 
chemical behaviour which distinguish stereoisomerides. We be- 
lieve, therefore, that the phthaloximes exhibit a special type of 
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somerism for which an explanation has still to be found and of 
shich numerous examples are now accumulating (compare the 
shite and the yellow form of diphthalyl-2 : 7-naphthylenediamine, 
Kuhn, Jacob, and Firter, Annalen, 1927, 455, 256, and also the 
rork of Heller, Ber., 1925, 58, 838; 1927, 60, 909). We believe 
that the white and the yellow forms of some carbanilino-derivatives 
of the oximes (Goldschmidt and van Rietschoten, Ber., 1893, 26, 
989; Brady and Thomas, J., 1922, 121, 2100) and the white and 
the yellow form of isonitrosomalonmono-p-tolylamide (Plowman 
ud Whiteley, J., 1924, 125, 590) also exhibit this new type of 
jomerism, which may perhaps be called xanthoisomerism. 
Lassar-Cohn obtained anthranilic acid from the white phthaloxime 
by the action of one equivalent of boiling alcoholic potassium 
iydroxide, but was unable to repeat this result. We were likewise 
msuccessful under these conditions, but obtained small yields of 
mthranilic acid from both white and yellow oximes by using a 
higher temperature and amyl-alcoholic potassium hydroxide. 
The iy is probably an example of the Hofmann reaction : 


Ot CO,H 


(on nh @ 4 rit 
\co-NH-OH CON< 
show 
CO,H 
‘A CO,H 
Hy, 
N: Ohad 


EXPERIMENTAL. 


Action of Acetic Anhydride on Opianic Oxime.—Opianic oxime 
was prepared by Perkin’s method (loc. cit.), 30% potassium hydr- 
oxide solution being used in place of the dilute alkali recommended 
by him, since this gives much better results. The oxime dissolved 
when treated with the minimum amount of acetic anhydride at 
room temperature, but no acetyl derivative separated on cooling 
to —20°; opianic oxime anhydride crystallised when the solution 
was poured into ice-cold water. 

Action of 2:4-Dinitrochlorobenzene on Opianic Oxime.—The 
oxime (3 g.) was dissolved in alcohol, and a solution of sodium 
ethoxide (sodium, 0-7 g., in 12 c.c. of alcohol) added; the disodium 
salt then separated as a white precipitate. To the cooled suspension, 
2: 4-dinitrochlorobenzene (3 g. in 9 c.c. of hot alcohol) was added, 
the brown solution obtained was kept for an hour, and the preci- 
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pitate was then collected and washed first with a little alcohol and 
then thoroughly with water to remove sodium chloride. Qp 
crystallising from alcohol, it gave 2 : 4-dinitrophenylopianic oxime 
as bright yellow needles, m. p. 146° (Found: N, 11-0. C1gH,30,N, 
requires N, 10-7°%).* Hydrolysis by heating in the water-bath for 
5 hours with 6N-sodium hydroxide gave sodium dinitrophenoxide, 
but hemipinic acid could not be isolated from the rather tarry 
alkaline solution. 

Action of Alkalis on Opianic Oxime Anhydride.—To a warm 
solution of potassium hydroxide (10 g.) in water (50 c.c.), opianic 
oxime anhydride (2-6 g.) was added with mechanical stirring: 
it dissolved to a pale yellow solution. In order to detect opianic 
oxime, methyl sulphate (4 c.c.) was added and the stirring con. 
tinued for 2} hours. The solution was cooled in ice and con. 
centrated hydrochloric acid (15 c.c.) added slowly ; an oil separated 
which soon solidified and after drying in a desiccator formed a 
sandy powder (0-95 g.), m. p. 74—80°, resolidifying immediately to 
hemipinimide. In all its properties this compound was identical 
with the 2-cyano-5 : 6-dimethoxybenzoic acid described by Hooge. 
werff and van Dorp (/oc. cit.). 

When the reaction was carried out at 0°, uncrystallisable sticky 
solids were obtained from which only hemipinimide could be isolated, 
No trace of O-methylopianic oxime was detected in any experiment. 

The anhydride (1 g.) was dissolved in a solution of sodium ethoxide 
(sodium, 0-23 g., in 20 c.c. of hot alcohol) and 2 : 4-dinitrochloro. 
benzene (1 g. in 5 c.c. of hot alcohol) added. No 2 : 4-dinitropheny!- 
opianic oxime separated, but after 3 days dinitrophenetole crystal- 
lised, this being formed by the action of the alkali and alcohol on 
the dinitrochlorobenzene. 

N-Methylopianic Oxime.—A solution of opianic acid (5 g.) in 
potassium hydroxide (5-5 g. in 50 c.c. of water) was cooled and 
to it was added a concentrated aqueous solution of N-methyl- 
hydroxylamine hydrochloride (3 g.). The mixture was kept at 
room temperature for 12 hours, 2N-hydrochloric acid (32 c.c.) was 
then added, and the precipitate produced was crystallised from 
dilute alcohol, N-methylopianic oxime being obtained as colourless 
prisms, m. p. 180-5° (decomp.) (Found: N, 5:9. C,,H,,0;N 
requires N, 5-9%). 

N-Methylhemipinimide.—N-Methylopianic oxime (5 g.) was 
boiled with water (100 c.c.) under reflux for 3 hours. After cooling, 
a small quantity of N-methylhemipinimide slowly crystallised. 


* In the determination of nitrogen in opianic acid derivatives by Dumas’ 
method, cuprous chloride must be mixed with the copper oxide to prevent 
the formation of methane. 
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The mother-liquor on evaporation to small bulk yielded some 
aystals of unchanged N-methylopianic oxime; these were re- 
noved and the filtrate was warmed with 2N-sodium hydroxide, 
nethylamine and sodium hemipinate being produced. The main 
product of the reaction was apparently the soluble methylamine 
jydrogen salt of hemipinic acid; Liebermann (loc. cit.) obtained 
mmonium hydrogen hemipinate similarly from opianic oxime 
mhydride. No compound analogous to the anhydride of the oxime 
yas obtained either in this experiment or when opianic acid (6 g.) in 
alcohol (18 c.c.) was shaken with N-methylhydroxylamine hydro- 
chloride (2-9 g.) for 45 minutes (compare Liebermann, loc. cit.). The 
aid dissolved and N-methylopianic oxime soon crystallised; the 
alcoholic solution on evaporation gave only w-opianic ester (Anderson, 
dnnalen, 1853, 86, 194). 

When N-methylopianic oxime was heated for 10 minutes at 180° 
in an evaporating basin, some ebullition occurred just above the 
nelting point. The intramolecular change, however, proceeded 
vithout the violence that characterises the change of opianic 
oxime to hemipinimide. After cooling, the product was stirred 
with a little alcohol, and the solid crystallised three times from 
shiek alcohol, pure NV -methylhemipinimide being obtained. 
lated, §  OPianic acid (5 g.) and N-methylhydroxylamine hydrochloride 
ment, (17 &-) were heated together under reflux for 3 hours with 80% 
oxide 42cohol (30 c.c.). On cooling, a solid separated which gave pure 
loro. 4 -methylhemipinimide after one crystallisation from alcohol. 
ad Hemipinimide (2-5 g.), prepared by boiling opianic acid in alcoholic 
vst solution with hydroxylamine hydrochloride, was dissolved in hot 

dry amyl alcohol, and a solution of potassium (0-75 g.) in dry amyl 
alcohol added; after cooling, the solid was collected, washed with 
dry ether, and quickly transferred to a desiccator containing solid 
sodium hydroxide. The yield of potassium hemipinimide was 
almost quantitative (compare Hammick and Locket, J., 1922, 121, 
2362). The salt was heated with excess of methyl iodide for 5 hours 
ina sealed tube at 150°; the solid obtained gave N-methylhemi- 


ely to 
ntical 
looge- 


ol on 


y.) in 
| and 
-thyl- 
pt at 


was 
ja pinimide, m. p. 168°, after two crystallisations from alcohol. 
alien Freund and Heim (Ber., 1890, 23, 2905) obtained this compound by 


the action of dilute nitric acid on the methylamide of methyl- 

hydrastinine. 

was 4 O-Methylopianic Oxime.—Opianic acid (5 g.) was dissolved in 

ling, 2N-sodium hydroxide (30 c.c.), a solution of O-methylhydroxyl- 

ised. amine hydrochloride (2-2 g. in 25 c.c. of water) added, and the 
mixture kept in a closed bottle for 12 hours. Addition of dilute 

amas’ Bhydrochloric acid then precipitated O-methylopianic oxime, which 


evel’ Kcrystallised from benzene and light petroleum or from chloroform 
T2 
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in colourless cubes, m. p. 112° (Found: N, 63. (C,,H,,0.N 
requires N, 5-9%). 

Opianic acid (5 g.) was dissolved in 4N-potassium hydroxide 
(100 c.c.), and a concentrated aqueous solution of hydroxylamine 
hydrochloride (2-5 g.) added slowly. To the cold solution, methy! 
sulphate (10 g.) was added cautiously with cooling and shaking 
The mixture was kept for 2 hours, and a slight excess of dilute 
hydrochloric acid added; O-methylopianic oxime then separated in 
good yield. It was purified as before. 

N-Benzylopianic Oxime.—This was prepared from opianic acid 
and N-benzylhydroxylamine hydrochloride in exactly the same 
way as N-methylopianic oxime (compare Scheiber, Ber., 1911, 44, 
762). On heating it for 6 hours in alcoholic solution with a trace of 
hydrochloric acid, N-benzylhemipinimide (van der Meulen, Ree. 
trav. chim., 1896, 15, 282) was obtained. This compound was also 
formed by heating opianic acid with N-benzylhydroxylamine hydro. 
chloride in alcoholic solution. 

Methylation of the Sodium Salts of the Phthaloximes.—The white 
and the yellow methyl! ether described by Pratt and Orndorff were 
prepared by their method from the corresponding silver salts of the 
oximes. These authors experienced difficulty in alkylating the 
sodium salts, but we have been successful with both methy] iodide 
and methyl sulphate; care, however, must be taken to avoid exces 
of alkali, which readily decomposes the oximes to hydroxylamine 
and phthalic acid. 

The yellow phthaloxime (2-50 g.) was dissolved in the minimum 
amount of methyl alcohol, and the red sodium salt precipitated by 
the addition of sodium methoxide (sodium, 0-35 g., in methyl 
alcohol). Methyl iodide (2-5 c.c.) was added to the suspension, and 
the mixture kept in a closed flask for 5 days; the red sodium salt 
had then disappeared and the liquid was clear orange-yellow. The 
solution was evaporated at room temperature, and the residue 
extracted with boiling light petroleum; on cooling, crystals of the 
yellow O-methyl ether of phthaloxime were obtained identical with 
those obtained from the silver salt (Found: OMe, 17-4. Cale.: 
OMe, 17-5%). Similarly, from the white phthaloxime the white 
O-methyl ether of phthaloxime was obtained identical with that 
prepared from the silver salt (Found : OMe, 17-3%). 

A solution of white phthaloxime (5-02 g.) in methyl alcohol (75c..) 
was treated with sodium methoxide (0-71 g. of sodium in the minimum 
amount of methyl alcohol), and methy] sulphate (5-6 c.c.) added. 
The mixture was kept for 1? hours with occasional shaking, the 
reaction then being complete. After 45 c.c. of the solvent had beet 
removed in a vacuum, and the remainder cooled, a mixture of tle 
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white O-methyl ether and sodium sulphate separated, from which 
the ether was extracted with chloroform; the filtrate on concen- 
tration yielded more O-ether. Similarly, the yellow oxime gave 
the yellow O-ether. In all these methylations the addition of a little 
water greatly increases the reaction velocity without, however, 
much affecting the yield, which was never more than 25%. Al- 
though a careful search was made, in no case was any trace of an 
N-methyl derivative detected. 

Hydrolysis of O-Methylphthaloxime.—White O-methylphthaloxime 
(98 g.), dissolved in 2N-sodium hydroxide (80 c.c.), was heated on 
the water-bath for an hour and the solution was then acidified with 
hydrochloric acid and cooled. The precipitated phthalic acid 
was removed, and the solution evaporated to dryness on the water- 
bath. The residue was washed with ether to remove phthalic acid 
and extracted twice with small quantities of hot absolute alcohol ; 
on cooling, and addition of ether to the combined extracts, O- 
methylhydroxylamine hydrochloride (m. p. 149—151°) was preci- 
pitated. It was further identified by conversion into «-O-methyl- 
m-nitrobenzaldoxime. 

N-Methylphthaloxime.—A_ solution of N-methylhydroxylamine 
hydrochloride (9 g. in 9 c.c. of water) and sodium carbonate (5-7 g. 
in 160 c.c. of water) was heated to 60°, finely powdered phthalic 
anhydride (12-7 g.) slowly stirred in, and the solution kept at 60° 
for 1} hours. A white, crystalline precipitate separated which 
after crystallisation from alcohol gave N-methylphthaloxime as 
colourless crystals, m. p. 121—122° (Found: N, 7:9. C,H,O,N 
requires N, 7-9%). This compound, on boiling for a short time 
with hydrochloric acid, gave phthalic acid and N-methylhydroxyl- 
amine. Boiling with concentrated hydriodic acid gave methyl- 
amine, which was identified by Valton’s method (J., 1925, 127, 40). 
Variations in the experimental procedure failed to yield a yellow form. 

Action of Potassium Hydroxide on the Phthaloximes.—White or 
yellow phthaloxime (5-4 g.) in amyl alcohol (180 c.c.) was treated 
with one equivalent of potassium hydroxide (1-86 g.) in water 
(12 c.c.), and the mixture boiled under reflux for 2 hours; the red 
colour of the potassium salt had then changed to clear yellow. 
Most of the solvent was removed in a vacuum, and the solid, which 
separated on cooling, was collected and dissolved in the minimum 
amount of hot water; on just acidifying the solution with acetic 
acid and cooling, anthranilic acid separated; it was obtained pure 
after one crystallisation from hot water. 


Tar Ratpn Forster LABORATORIES OF ORGANIC CHEMISTRY, 
University CoLLeGE, Lonpon. [Received, October 17th, 1927.] 
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LXIX.—Studies on Hydrogen Cyanide. Part I, 
Mercuric Methyl Cyanide and the Alleged Iso. 
‘merides of Hydrogen Cyanide. 


By Josrpx Epwarp Coatgs, Lronarp Eric HINKEL, and 
THomAS HuBER ANGEL. 


ENKLAAR (Rec. trav. chim., 1923, 42, 1000; 1925, 44, 889; 1926, 
45, 414), having on the basis of the Drude theory developed a 
theory of optical dispersion in which dispersion electrons ar 
correlated with valency electrons, and having measured the dis. 
persion of hydrogen cyanide, nitriles, and carbylamines, found 
evidence for the view that hydrogen cyanide behaves optically asa 
50% mixture of HCN and HNC, or as though the hydrogen atom 
were bound equally to the atoms of carbon and nitrogen. Never. 
theless, he regards as improbable the view that ordinary hydrogen 
cyanide consists of a 50°/, mixture of isomerides, since he claims to 
have isolated these isomerides as separate individuals and to have 
shown that one of them (considered to be HNC) is stable and the 
other, HCN, unstable. In view of its importance in connexion with 
the problem of the constitution of hydrogen cyanide, it seemed 
desirable to repeat the experiments upon which this claim was 
based. 

Enklaar recognised the isomerides solely by their reaction with 
mercuric methyl hydroxide, in which two mercuric methyl cyanides 
of different melting points were formed, viz., that melting at 90-3’ 
regarded as the derivative of the stable acid HNC, and that melting 
at 60°, corresponding to the “ labile’ acid HCN. Gaseous hydrogen 
cyanide generated by various simple reactions is said to yield in some 
cases the former, in others the latter derivative, thus indicating the 
separate existence of two isomeric forms of the gas. Further, the 
derivative of lower melting point is obtained from the reaction 
between mercuric methy] iodide and silver cyanide, and also by the 
spontaneous transformation of the form melting at the higher 
temperature when it is kept for several months at about 6°. 

The Alleged Isomerides of Hydrogen Cyanide.—Enklaar found that 
(a) silver cyanide, alone or, better, in potassium cyanide solution, 
and (6) a solution of mercuric cyanide, when slightly decomposed 
by a small quantity of hydrogen sulphide yielded gaseous hydrogen 
cyanide, which, when led directly into aqueous mercuric methy! 
hydroxide, always gave the derivative of low melting point. Ina 
later paper (loc. cit., 1925), however, he reports a product similarly 
obtained as melting at 89-5°, without remarking on the inconsistency. 
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He also found that the hydrogen cyanide first evolved from an 
acidified solution of sodium ferrocyanide is “ stable” (yielding the 
high-melting derivative), whereas that evolved after a few minutes’ 
boiling is “ labile ’’ (yielding the low-melting derivative). Again, 
the hydrogen cyanide distilled from acidified solutions of potassium 
cyanide was unaccountably sometimes stable, sometimes labile, 
yielding a mercuric methyl cyanide melting as often at the higher 
as at the lower temperature. The claim is also made that the 
derivative obtained by distilling hydrogen cyanide from a system 
that is not free from water has a slightly lower melting point than 
that of the derivative produced by hydrogen cyanide distilled from 


dis. 7 an anhydrous system, the presence of water thus causing a certain 
ound @ amount of conversion of the stable into the labile acid. No 
asa @@ attention is directed to a contradiction of this in the same paper 
atom (loc. cit., 1925). 


A repetition of these experiments has shown that mercuric methyl 
cyanide, produced directly from the pure base and hydrogen 
cyanide (whatever its origin), invariably melts, not at 90-5°, but at 
93° without further purification, and the same substance obtained 
from mercuric methyl iodide and silver cyanide melts at 93° after 
purification. In a careful study of this substance no evidence has 
been found for the separate existence of a form melting at 60°. It 
suflers no change on keeping. 

The variation in melting point of Enklaar’s derivatives might be 
due to the use of impure substances. He employed mercuric methyl 
hydroxide melting at various temperatures between 92° and 97°. 
The pure base melts at 106°, cannot be purified from alcohol as 
attempted by Enklaar, and decomposes fairly rapidly on keeping ; 
also it detonates when subjected to analysis by the ordinary com- 
bustion method (Hinkel and Angel, J., 1927, 1948), but Enklaar 
appears to have found no such difficulty. The melting point of 
mercuric methyl cyanide is greatly influenced by the presence of 
traces of moisture or solvents. 

It might be objected that the processes of purification of the 
mercuric methyl cyanide obtained from the iodide and silver 
cyanide (the product from pure acid and pure base needed no 
purification) could convert any low-melting derivative into the high- 
melting form, and that Enklaar was right in avoiding purification. 
But when impurity is likely to be present (probably mercuric methyl 
iodide) no valid conclusions can be drawn from the melting point. 
Further, by this reaction an initial unpurified product could be 
obtained having a melting point only a few degrees below that of 
the pure high-melting derivative. 


STUDIES ON HYDROGEN CYANIDE. PART T. 


EXPERIMENTAL. 


For the preparation of mercuric methyl cyanide directly from 
base and acid, the hydrogen cyanide was obtained, not only by the 
reactions referred to above, but also from a stock of the pure 
anhydrous substance prepared by dropping a concentrated solution 
of sodium cyanide into 65% sulphuric acid, the distillate being 
dehydrated by treatment with anhydrous sodium sulphate, followed 
by repeated distillation and treatment with phosphorus pentoxide 
extending over many months. Its boiling point was 25-7°/760 mm. 

The mercuric methyl iodide employed melted at 145° and the 
hydroxide at 106°. Both were prepared and purified as described 
by Hinkel and Angel (/oc. cit.). 

Preparation of Mercuric Methyl Cyanide.—5 G. of mercuric methyl] 
iodide in 25 c.c. of absolute alcohol were shaken at room temperature 
for 3 hours with 2-1 g. (a slight excess) of powdered silver cyanide, 
After the silver iodide and silver cyanide had been separated and 
the alcohol evaporated in a vacuum, white crystals remained, 
melting (not sharply) at 85°. (Enklaar, who gives no details, 
obtained by this method a product melting a little above 60°, rarely 
lower, which he considered to be the isomeride of the compound of 
higher melting point.) The product, after being twice dissolved 
in the minimum amount of boiling ether and precipitated by the 
gradual addition of light petroleum (b. p. 40—60°), and dried ina 
vacuum, melted sharply at 93°. A repetition of this process, using 
instead of ethyl alcohol (a) ether dried by sodium, (5) methyl 
alcohol, gave a product melting at 93° after purification. A prepar- 
ation in the presence of a large excess of silver cyanide melted without 
any purification at 89° (after previous softening). The impurity is 
probably mercuric methyl iodide. 

The preparation was also carried out by the use of a slight excess 
of mercuric methyl iodide, the mixture being boiled for 2 hours. 
The mercuric methyl] iodide was separated by treatment with boiling 
water, in which it is practically insoluble. After purification as 
before, the product melted at 93° (Found: N, by Kjeldahl method, 
5:75. C,H,NHg requires N, 5-78%). 

The Properties of Mercuric Methyl Cyanide.—The only information 
in the literature on this substance is that given by Enklaar. The 
substance is readily soluble in water, methyl or ethyl alcohol, 
anhydrous hydrogen cyanide, and benzene, and fairly readily soluble 
in ether, from which it may be precipitated by the addition of light 
petroleum (b. p. 40—60°). It erystallises in colourless, lustrous, 
acicular plates with a faint smell of garlic, somewhat resembling that 
of the base. No change of melting point occurs (1) after heating the 
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vit at 100° for several minutes, (2) after keeping at 0° for several 
bys, and (3) after keeping at room temperature for 9 months. 


y from Mhismay be contrasted with Enklaar’s statement that the compound 
by the Mfhigher melting point, on keeping for several months at about 6°, 
2 pure #pianges largely into the form of lower melting point. 

lution | The aqueous solution resembles that of mercuric cyanide in being 


yutral to indicators even after boiling for 10 minutes (compare 
ther mercuric methyl salts, Maynard and Howard, J., 1923, 123, 


toxide 40). The behaviour of mercuric methyl cyanide with methyl 
)mm, Mfodide is precisely similar to that of mercuric cyanide and silver 
d the firanide, a double compound being first formed which breaks down 


into methyl carbylamine at a higher temperature. With dry 
hydrogen chloride, mercuric methyl cyanide, dissolved in dry 


. 


ethy| Hither, slowly forms white crystals of mercuric methyl chloride. 
ature fin aqueous solution hydrochloric acid precipitates the same sub- 
nide, Mstance, silver nitrate precipitates silver cyanide, and hydrogen 
and ffulphide mercuric methyl sulphide. Caustic potash, ammonia, and 


ptassium iodide give no apparent reaction. Dilute sulphuric acid 
radily liberates hydrogen cyanide (according to Enklaar, this does 
not occur). 


UNIVERSITY COLLEGE, 
SWANSEA. [Received, December 10th, 1927.] 


IXX.—Acid and Salt Effects in Catalysed Reactions. 
Part XII. The Water Catenary (H*-H,O-OH-) 
in the Iodination of Acetone. 


By Harry MeprortaH Dawson and ArtHuR Key. 


Since the publication of the first of this series of papers (Dawson 
and Carter, J., 1926, 2282), in which evidence was brought forward 
to show that catalytic effects are produced by negatively charged 
anions and by electrically neutral molecules as well as by positively 
charged “‘ hydrogen’? (oxonium) ions, the existence of similar 
effects has been conclusively demonstrated in other catalysed 
reactions. Studies of the mutarotation of glucose by Brénsted and 
Guggenheim (J. Amer. Chem. Soc., 1927, 49, 2554) and by Lowry 
and Smith (J., 1927, 2539) have established the activity of anions 
and molecules in this reaction, and have also shown that catalytic 
activity must be attributed to other complex positive ions of the 
oxonium type, such as NH",, NH,R’, etc. It seems probable that 
the activity of all such ions and molecules depends on their acid 
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or basic character, that is to say, on their ability to act as proton 
donators or proton acceptors. 

From an examination of the data for a large number of hydrolytic 
reactions, Skrabal (Z. Hlektrochem., 1927, 33, 322) concludes that 
the very wide differences which are exhibited by such reactions 
towards changes in the concentration of the hydrogen ion can be 
satisfactorily interpreted in terms of the joint action of the hydrogen 
ion, hydroxy] ion, and undissociated water when the large variations 
in the relative values of the respective catalytic coefficients are 
taken into account. Skrabal has also shown the existence of 
symmetry in the curve which is obtained by plotting the logarithm 
of the reaction velocity against pg. This symmetry is a particular 
and necessary consequence of the more general relations which 
have been shown by one of us to apply to the catalytic effects 
produced by any weak acid in virtue of the activity of the positive 
ions, negative ions, and undissociated molecules. 

For acid-salt mixtures of the type cHA + 2MA, where ¢ is 
constant and ~ is variable, the plot of the reaction velocity against 
the logarithm of the hydrogen-ion concentration or pg gives a 
catenary curve. The salt-free solution of the acid represents the 
limiting member of such a series of mixtures, but the catenary curve 
is not actually limited by this circumstance, for the addition of a 
completely ionised acid in which the hydrogen ion is associated with 
a catalytically inert anion, should obviously be equivalent to the 
addition of the salt MA, in which the active anion is associated with 
a catalytically inert metallic cation. The symbol (H*-HA-A), 
may be conveniently used when reference has to be made to the 
catenary curve which corresponds with the acid HA at the con- 
centration represented by c. If the acid in question is water, the 
catalytic effects correspond with the water catenary, H*—H,O-OH-. 

The usual conditions under which catalytic observations are made 
with the strong acids and bases correspond with the upper reaches 
of the water catenary, and the data so obtained may be taken as 
an accurate measure of the catalytic activity of the hydrogen ion or 
of the hydroxyl ion if the activity of the undissociated water is 
negligibly small. When, however, the catalysed reaction involves 
the formation or disappearance of acid or basic substances, the 
changes thereby produced in the hydrogen-ion concentration are 
such as to prevent the realisation of those conditions which are 
essential for the direct investigation of the lower portion of the 
water catenary. Constancy of py may be obtained by the use of 
buffer solutions, and it has been shown (J., 1927, 1290) that the 
velocity which is characteristic of the minimum-velocity (J/.V.) 
point on the water catenary may be derived indirectly from the 
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minimum velocity which is shown by series of buffer mixtures for 
which the concentration of the buffer acid or the concentration of 
the buffer salt is constant. In the application of this method, it is, 
however, necessary to know the values of the catalytic coefficients 
for both the undissociated acid and the acid anion in the buffer 
mixture. 

In the present paper, an alternative method of procedure is 
described which has the advantage of great simplicity, and further- 
more permits of the determination of the velocity which is charac- 
teristic of any desired point on the water catenary. This velocity 
is given by the equation 

Vp = Uh + Von + Vy = k, [H+] + kon[ OH~] + ky{[H,0}] . (I) 
or since [H+].[OH-] = K, and [H,O] = 55 
Up = ky[ H+] + Kon K./[H*]+ 55k, . . « (la) 


according to which the velocity is determined by the hydrogen-ion 
concentration. If this hydrogen-ion concentration is produced by 
the use of a buffer mixture cHA + sMA, in which the ratio c/s is 
constant = g, the value of [H*] is given by 


[H*] = K(c — [H*])/(s + [H*)), 


and if c and s are not too small, this is equal to Kg. For such a 
buffered solution, the reaction velocity is given by 


v = k,[H*] + Aon[OH-] + &[H,O] + kne + kas 
—maUathe+he . 1. wf lw le wl lw we 
which may be written in the form 
To. he eh he ee 
or oma, + (B+ Bile «kt ts, oy eet s 


according to which the velocity is a linear function of the con- 
centration of the salt or the acid in the buffer mixtures. When the 
straight line for a series of buffers with a fixed value of q is extra- 
polated to zero salt (or acid) concentration, we obtain the velocity 
vy which is characteristic of the isohydric point on the water 
catenary, and by variation of g it is possible to derive the velocities 
for a series of points on this catenary. In the application of this 
method it is by no means necessary to confine the buffer solutions 
to those derived from the same acid. In practice, the choice of 
buffer will depend on the hydrogen-ion concentration of the M.V. 
point of the water catenary, and this will vary with the nature of 
the catalysed reaction. When acidic or basic substances are 
produced in the reaction, the value of g should not be greater than, 
say, 10, nor less than about 0-1. Variations of q between these 
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limits give a range of hydrogen-ion concentrations which jg 
represented by a difference of 2-0 units on the pz, scale. 

The experiments to be described have reference to the catalytic 
effects observed with isohydric series of buffers in the reaction 
between acetone and iodine. Acetate buffers were usually employed, 
and for these the hydrogen-ion concentration was derived from 
K = 1-85 x 10-5. For the lowest hydrogen-ion concentration, a 
phosphate buffer was used, and it is necessary to consider the 
co-ordination of this with the acetate buffers. The measurements 
which permit of the derivation of a value for the second-stage 
dissociation constant K, of phosphoric acid have been recently 
examined by Prideaux and Ward (J., 1924, 125, 423). It appears 
that the “ constant” obtained for mixtures of NaH,PO, + Na,HPO, 
increases with the total concentration and also with the proportion 
of the disodium salt. The measurements which relate most nearly 
to the conditions in our experiments are those of Michaelis and 
Kriiger (Biochem. Z., 1921, 119, 307), and in accordance with their 
results the value 1-1 x 10-7 has been adopted for K, in the deriv. 
ation of the hydrogen-ion concentration. 

When the observed reaction velocities for each series of isohydric 
solutions are plotted against the concentration of the buffer con- 
stituents, the points are found to lie very closely on straight lines as 
required by equations (2a) and (2b). If the extrapolated values of 
VY) are then plotted against the logarithm of the hydrogen-ion con- 
centration (see Fig. 1), a catenary curve is obtained which is 
symmetrical with respect to the point for which pg = 4-90, or 
[H+]; = 1-25 x 10°. This is the M.V. point on the water catenary, 
and the magnitude of the velocity v, according to this curve (see 
Fig. 1) is about 0-019 x 10-* mols. per litre per minute. This 
velocity refers to 25° and an acetone concentration of 20 c.c. 
per litre. 

In accordance with the relations which have been shown to hold 
at the M.V. or isocatalytic point, the minimum value of the velocity 
due to the joint action of the hydrogen and hydroxy] ions should 
be given by wu, = 2k,[H*];. When k, = 4-65 x 10 and [H*];= 
1-25 x 10-5 are substituted in this equation, we obtain u; = 0-012 x 
10-*. This is clearly much lower than the minimum velocity 
v; = 0-019 x 10-* which is indicated by the experiments with the 
buffer solutions, and it would seem fairly obvious that the difference 
is to be attributed to the catalytic action of undissociated water. 
In other words, the difference corresponds with vy» = k,{H,0] = 
0-007 x 10-6. In previous measurements of the catalytic effects 
which are produced by mixtures of acetic acid and sodium acetate 
in the series represented by 0-1N-CH,°CO,H + aCH,°CO,Na, the 
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experimental data afforded no evidence of the catalytic activity of 
the water molecules, but the reason for this is obviously to be 
found in the very small magnitude of the water effect. Since the 
minimum velocity for the above constant-acid series is about 
3 x 10-6, it is evident that the proportion of the total catalytic 
effect due to the water molecules is only about 2% at the M.V. 
int. For other mixtures of the series the proportion will, of course, 
be still smaller. 
Fia. 1. 
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Velocity of the acetone-iodine reaction (due to the joint action of hydrogen 
ions, hydroxyl ions, and water molecules) plotted against pq. 


bo 


In order to compare the experimental values of v with those 
given by equation (2), it is necessary to know the value of the 
coefficient koy. The difficulties associated with the determination 
of this have been referred to in previous papers. A preliminary 
estimate of ko, = 10 was made by Dawson and Carter (loc. cit.) on 
the basis of the velocity data afforded by experiments with acid- 
salt mixtures belonging to the series (0-2 — x)CH,-CO,H + 
*CH,‘CO,Na. Subsequently an independent value was derived 
from an examination of the course followed by the autocatalysed 
reaction between acetone and iodine (Dawson, J., 1927, 458), It 
was shown that the early stages of the autocatalytic change were 
generally consistent with the assumption that the reaction proceeds 
under the joint catalytic influence of the hydrogen and hydroxyl 


548 DAWSON AND KEY: ACID AND SALT EFFECTS 


ions as represented by the equation v = k,[H*] + kos{[OH-]. Thel.. ocata 
results obtained in the present investigation indicate, however, that! _ mT 
this equation should include a term to correspond with the catalytic ween 
action of the undissociated water. For the purpose of this inquiry 
it will suffice to point out that the introduction of the water tern 
leads to a lower value for koy than that which was derived on the] __. 
assumption that the water effect could be neglected, and that the which 
present experiments seem to afford a simpler method for the|® : 
determination of kog. This method is based on the equation which ionisat 
expresses the connexion between the hydrogen-ion concentration of elimi 
the M.V. point on the water catenary and the catalytic coefficients de 
ky, and koy. This equation is [H+]; = VkogKy/k,, and by sub. ae 
stituting [H+]; = 1-25 x 10-5, ky = 4-65 x 10, and K, = 10-0” 
we obtain kp, = 7-2. A comparison of the values of vp obtained 
from the experiments with the buffer solutions and those calculated 
from the equation 
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may now be undertaken. In Table I, the hydrogen-ion con. 
centration is recorded in the first column; cols. 2, 3, 4,.and 5 give 
respectively the values of v, Yop, Vw, and V9; and col. 6 shows the 
values of vy obtained from the buffer solution experiments. 


TABLE I. 

U - 10° U, - 106 
[H+]. 105. vw, 108. von - 108. Vy. 108. (cale.). (obs.). 
18-5 0-086 0 0-007 0-093 0-092 
5°55 0-026 0-001 0-007 0-034 0-034 
1-85 0-009 0-004 0-007 0-020 0-022 
0-62 0-003 0-011 0-007 0-021 0-022 Ha 
0-185 0-001 0-038 0-007 0-046 0-044 wi 

0-053 0 0-126 0-007 0-133 0-135 on 
betwe 
The calculated values of vy are based on k, = 4:65 x 10-4, kon =7, | that: 


and ky, = 0-007 « 10-°/55 = 1:3 x 10°. The ratio between the } for ¢] 
coefficients for the hydroxy] ion and the water molecule is therefore | pent 
about 5 x 10%. The close agreement between the two series of 
UY values would seem to justify the view that the procedure described 
affords a convenient and trustworthy method for the investigation} 7), 
of the relations which are involved in the joint catalytic action of previ 
the hydrogen ion, the hydroxyl ion, and the water molecule. ee 

In so far as the reaction velocities due to the ions are concerned, } .},5) 
it has been shown previously (Dawson, J., 1927, 213) that all the hydr 
catalytic catenaries which correspond with the general formula perm 
(H+-HA-A-), can be replaced by a single catenary. If the] ;,4;, 
hydrogen-ion concentrations and the ionic reaction velocities are} j,),;, 
expressed in terms of the corresponding values for the respective J \.j,, 
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jsocatalytic or M.V. points, such that »=([H*]/[H*], and 
r=u/u, the connexion between the reduced hydrogen-ion 
soncentration (n) and the reduced ionic reaction velocity (r) is 
"ven by 

r = 4(n + 1/n) = cosh log, n, 

which is the equation of the universal catalytic catenary. By 
this transformation, the specific catalytic coefficients as well as the 
ionisation constant and concentration of the catalysing acid are 
eliminated. 

It is of interest to examine the results obtained for the water 
catenary in reference to the generalised catalytic formula. Since 
» = 0-019 x 10-* and v, = 0-007 x 10-6, the value of r is given by 
u/u; = (V9 — Uw)/(% — Yw)i = (% — 0-007 x 10-%)/0-012 x 10%, 
and n by [H*]/[H+], = [H*]/1-25 x 10-°. In making the com- 
parison between the two sets of values, it should be borne in mind 
that the values assigned to the very small velocities v, and u; and 
also to [H+]; are necessarily only approximate. In Table II, col. 1 
gives the hydrogen-ion concentration, col. 2 the reduced hydrogen- 


- con. 
5 give ion concentration n, col. 3 the values of 34(m + 1/n), and col. 4 the 
3 the | Values of r. 
Tas_eE IT. 
[H+]. 10°. n. 3(n + 1/n). r. 
185 14-8 7-4 71 
| 5:55 4-4 2-3 2-35 
0° 1-85 1-5 1-1 1-25 
). 0-62 0-50 1-25 1-35 
2 0-185 0-15 3-4 3:1 
: 0-053 0-042 11-9 10-7 
: Having due regard for the probable degree of accuracy of the data 
; on which the values of r and 4(n + 1/n) are based, the concordance 
between the two sets of figures is quite good, and it may be claimed 
= 1, | that the results obtained in the determination of the water catenary 
the } for the acetone-iodine reaction are in agreement with the require- 
om ments of the universal catalytic relation r = cosh log, n. 
$0 
ibed EXPERIMENTAL. 
= The materials used were purified by methods which have been 
“s previously described. In all cases, the concentration of the acetone 
ed. | 2 20-0 c.c. per litre and the initial concentration of the iodine 
- about 0-001M@. In order to reduce the disturbing effect of the 
ms hydriodic acid, the experiments were conducted on a scale which 
=. permitted the use of 100 c.c. samples in the titration of the residual 
rem iodine with 0-01N-thiosulphate. The hydriodic acid produced 
‘s during a reaction period which sufficed for the measurement of the 


velocity was about 0-0001 mol. per litre and the effect of this was 
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eliminated by the usual method. For each value of py, three buffe 
solutions were used with relative concentrations represented by 
successive integers. Denoting the integral ratio by m, the velocity 
for each series may be expressed by v = v9 + am. Such values are 
shown in the last column of Table ITI and the close agreement with 
the observed values in the previous column is an indication of the 
exactness of the linear relation. 


TABLE IIT. 


raat}. 10°: Cc. 8. v . 108 (obs.). wv. 10° (cale.), 
CH,-CO,H : CH,-CO,Na = 10:1; v = 0-092 + 0-096m. 
0-188 0-188 


0-283 0-284 
0-380 0-380 


CH,°CO,H : CH,:CO,.Na = 3:1; v = 0-034 + 0-044m. 
5°55 0-015 0-005 0-078 0-078 
4 0-03 0-01 0-123 0-122 
9 0-045 0-015 0-165 0-166 


CH,'CO.,H : CH;‘CO,Na = 1:1; v = 0:022 + 0-026m. 
1-85 0-005 0-005 0-0485 0-048 
0-01 0-01 0-075 0-074 
0-015 0-015 0-098 0-100 
0-02 0-02 0-127 0-126 


CH,-CO,H . CH,:CO,Na = 1:3; v = 0-022 + 0-0625m. 
0-005 0-015 0-0835 0-084 
0-01 0-03 0-148 0-147 
0-015 0-045 0-209 0-210 


CH,;:CO,H : CH;-CO,Na = 1:10; v = 0-044 + 0-192m. 
0-185 0-005 0-05 0-236 0-236 
a 0-01 0-10 0-430 0-428 
2 0-015 0-15 0-610 0-620 


NaH,PO, : Na,HPO, = 4:80: 1; v = 0-135 + 0-685m. 
0-065 c+s=0-01 0-82 
= 0-02 1:50 
= 0-03 2-20 


9? 7 


29 > 


The velocities for the phosphate buffer indicate that catalytic 
effects of considerable magnitude are brought about by the bufler 
constituents. 


Summary. 


Measurements of the rate of the reaction between acetone and 
iodine in isohydric series of buffer solutions have been used to derive 
the velocities which are due to the catalytic constituents of water as 
represented by vy = k,[H*+] + Kon{OH-] + &,[H,0]. 

The reaction is accelerated by water molecules, although the 
coefficient &, is very small. Theratio of kox to ky is about 5 x 10”. 
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The velocity due to the joint action of the hydrogen and hydroxyl 
ions is found to be in agreement with the requirements of the 
generalised catalytic formula r = cosh log, n, in which r is the reduced 
ionic velocity and n the reduced hydrogen-ion concentration. 
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LXXI.—Colloidal Platinum. Part III. Its Natural 
Acidity and its Coagulation by Acids. 


By Stuart W. Pennycuick and R. J. BEst. 


In Part IT of this series * (Pennycuick, J., 1927, 2600), it was shown 
that colloidal platinum solutions were definitely acid in nature, 
behaving more like strong acids than weak acids on titration with 
bases. It will now be shown (a) that the natural acidity of colloidal 
platinum solutions can be measured with the quinhydrone electrode, 
(6) that the coagulation of platinum sols by different acids takes place 
at approximately the same pg, and (c) that after coagulation the 
natural acidity of the solutions still remains. 


ExPERIMENTAL. 


The py of Pure Platinum Sols.—The platinum sols were prepared 
by the method previously described, viz., by sparking pure platinum 
poles in conductivity water (0-4 gemmho). The pg values of these 
sols could not be determined by the hydrogen electrode, owing to 
far-reaching changes in the nature of the colloid which are now being 
investigated. The quinhydrone electrode, however, proved entirely 
satisfactory. It was always used in conjunction with a normal 
calomel electrode, which was prepared from mercury distilled in a 
vacuum, potassium chloride thrice crystallised from conductivity 
water, and calomel prepared according to the authors’ method 
(Australian J. Exp. Biol. Med. Sci., 1926, 3,173). The quinhydrone 
was prepared according to Biilmann and Lund (Ann. Chim., 1921,16, 
321), and a polished platinum electrode proved superior to one of 
gold. The electrode vessel, having a total capacity of about 8 c.c., 
was connected to the middle vessel containing saturated potassium 
chloride by a glass tube containing 3% agar saturated with the salt. 
By having one end of this connecting tube reasonably close to the 
platinum electrode, and by using a highly sensitive galvanometer, 
readings could be taken to 0:1 millivolt in spite of the high resistance 
of the sols. (The pg of the conductivity water used was obtained 
with the above chain and was approximately 6.) The whole system 


* Part I appeared in the Australian J. Exp. Biol. Med. Sci., 1927, 4, 99. 
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was sunk in a thermostat at 30°. The various pg values were 
calculated from the formula 


Pa = — log [H*] = [(0-6953 — 0-2835) — E'x,]/0-06011. 


This formula uses the standard value for the normal calomel 
electrode, viz., 0-2864 at 18°, with a temperature coefficient of 
— 0:00024/degree, and also the Biilmann and Krarup relation (J., 
1924, 125, 1954) for the quinhydrone electrode, EH; = 0-7175 — 
0000741. 

Before each determination the quinhydrone electrode vessel was 
washed with conductivity water, air-dried, and subsequently handled 
only with filter paper; it was twice rinsed with the solution to be 
used, filled, corked, and placed in the thermostat. Readings were 
taken as soon as temperature equilibrium had been reached. Great 
precautions were necessary in order to obtain reproducible values 
with unbuffered solutions of such dilute acids. 

The pg values were taken for nine different pure platinum sols. 
They ranged from 4-60 to 4-28, the corresponding hydrogen-ion 
concentrations being 25 x 10° to 52 x 10-*. The unboiled sols 
always showed a relatively high pg and on standing or on boiling in 
borosilicate vessels showed a marked decrease in pg; ¢.g., a freshly 
prepared unboiled sol showed pg 4:60; after boiling for 20 minutes 
this changed to py 4:47; and after a further 30 minutes’ boiling to 
Pu 4:30. The acidity as measured by the quinhydrone electrode was 
always slightly less than that obtained by conductimetric titration, 
as had been anticipated by Pennycuick (loc. cit.). The evidence, 
however, definitely indicates that the quinhydrone electrode 
measures the true pg of these sols, for (a) the values obtained are 
steady and reproducible; (6) no anomalies or irregularities appear; 
and (c) on mixing an acid of pg, say, 4-284, with a platinum sol of the 
same py, the mixture also shows a pg of 4-284. 

The Coagulation of Colloidal Platinum by Acids.—Although the 
coagulation of colloids by salt solutions has received much attention, 
relatively little attention has been paid to the coagulation by acids. 
Tartar and Gailey (J. Amer. Chem. Soc., 1922, 44, 2212) and Tartar 
and Draves (J. Physical Chem., 1926, 30, 763) have shown that the 
negatively charged mastic sol is coagulated by different acids at 
approximately the same py, and that the coagulation concentration 
of salts is without significance unless the pg of the sol is also 
specified. -They have also shown that mastic sols are inherently 
acid solutions. It therefore appears that although platinum and 
mastic sols would seem to be markedly dissimilar in nature, yet they 
are in fact remarkably alike. Now platinum sols are definitely acid, 
and if their structure corresponds to that suggested by Pennycuick 
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were : : 
~~ (loc. cit.), they might be expected to show the same pg on coagulation 
by different acids. This was found to be the case. 

Acids of eight different types were used (see Table I), oxalic acid 
basal having to be discarded owing to its undergoing slight decomposition. 
» Allthe work was carried out in borosilicate vessels, and conductivity 

nt of pee 
1 (J water (k<l gemmho) was used for dilutions. The method of 
75; _” B coagulation was that adopted in Part I of this series (loc. cit.). 


The approximate coagulation concentration was first obtained by 
preliminary tests, and then the acid solutions were made of such 
concentrations as to have comparable powers of coagulation, so 
that at coagulation the platinum sol would always suffer the same 
dilution. The coagulation was determined after standing for 24 
hours. The pg values of the clear supernatant liquids were 
measured by the quinhydrone electrode at 30°, after the platinum 
had settled out. Determinations were always carried out in pairs, 
and if one pair showed a variation greater than 0-01 unit a second 
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sols, : ee . . 
Si pair was taken. In Table I, the concentrations required for 
sols yy 
g in TABLE I. 
shly Hydrogen-ion concentration of platinum sol = 3 x 10°. 
utes Coag. [H+] at [H+] of 
Z to Acid. cone. Pu. coag. acid alone. Difference. 
was Hydrochloric ......... 0-196 3°69 20x 10° 18x 10% 2x 10 
ion Bemeibey '.3555.5..663 0-184 3-69 <3 17 > 3 hs 
4 BN i+ eineentng ieee 0-192 3°66 22 - 18 ti Yee 
1¢e, BINED. ccvtswinecnian 0-820 3°63 23 ea 21 > ps 
ode Tartaric ........:...... 0-500 359 8255, 20 Fwy 
DOIG: sosienvbecsdeses 0-295 3-57 26 ~ 24 2 as 
are NEED “eneccccescvense 2-135 3°57 aa ae 2 
ar; MME sccocceusacdeoaest 1-200 3°44 “sa 31 a oY ws 
the , Fe ota by 
coagulation (col. 2) are given in milliequivs. of titratable hydrogen 
ri per litre, calculated on the total volume of platinum and added acid. 
(The maximum error in the hydrogen-ion concentrations in cols. 4 
on J f-) 
1s. and 5 is 1 x 10-5, and therefore that in col. 6 is 2 x 10-°.) 
wi The coagulation oceurs within a narrow pg range, viz., 3-44—3-69. 
aa It can therefore be concluded that the hydrogen-ion concentration is 
at the controlling factor in the coagulation of colloidal platinum by 
Ke acids. The variation in the pg at coagulation, although small, is 
te nevertheless real. Part at least of this is due to a decided difference 
ly in the rates at which the coagulating particles coalesce and become 
d visible. Although readings were taken only after the solutions had 
stood for 24 hours, it was observed that with the acids towards the 
i top of the table no further changes took place after about 8 hours, 
k but with the acids towards the bottom of the table the actual 
flocculation appeared to be a much slower process. It is evident, 
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however, that the part played by the anion is often negligible ang 
always very small. 

The values of the hydrogen-ion concentrations (col. 4), when 
compared with the normalities of the coagulating acids (col. 2), 
appear to be too high, for the three mineral acids give hydrogen-ion 
concentrations which indicate slightly more than 100% ionisation, 
The platinum sols, however, were originally acid, and it would 
therefore appear that some (at least) of this acidity still remains even 
after the platinum is all precipitated. To test this point, solutions of 
the various acids were prepared of concentrations exactly equal to 
the coagulatory concentrations shown in col. 2, and their hydrogen. 
ion concentrations were then determined as before;. the results, 
given in col. 5, show that the supernatant liquor after the platinum 
has been coagulated is more acid than a pure acid solution of 
exactly the same concentration of added acid, the excess acidity 
being given in the last column. The platinum sol used for these 
coagulations had an initial hydrogen-ion concentration of 3 x 105 
and ks = 18 gemmhos. From cols. 4 and 5 it appears that the 
total acidity after coagulation is approximately the initial natural 
acidity plus the acidity of the added acid, 7.e., during the coagulation 
process no acid is removed. 

Conductimetric Investigation.—As was shown in Part II (loc. cit.), 
the weak solutions involved respond to conductimetric investigation 
with a remarkable degree of accuracy, and such methods were 
therefore expected to give more exact information concerning the 
non-removal of acid during the coagulation process. Briefly, the 
method adopted consisted in placing a good conductivity water 
(« = 0-6 gemmho) in the cell, adding increasing quantities of acid, 
and plotting the specific conductivity—acid concentration curve. 
The same quantity of platinum sol was then placed in the cell, and the 
experiment repeated. A comparison of the resulting curves gave 
the necessary information. 

Three cells, of the type previously described, were used (constants 
0-0109, 0-0204, and 0-0212). They were washed with conductivity 
water and air-dried before use. The acids were added from 3 c.c.- 
burettes, and during the whole process the cells were strictly air- 
tight. After each addition, the solutions were stirred by a carbon 
dioxide-free air stream passing through a wash-bottle in the bath. 
The temperature of the experiment was 30°. Four acids were used, 
viz., hydrochloric, nitric, tartaric, and citric, as being representative 
of those given in Table I. The concentration and quantity of the 
added acid were previously calculated, so that in the case of the 
platinum sols the whole of the platinum would not only be 
coagulated but completely deposited, leaving the solution quite 
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dear. As would be expected from the foregoing work, hydrochloric 


le and 
wd nitric acids caused coagulation at approximately the same 


when §§ gecific conductivity, viz., 190 gemmhos for the particular sol used, 
01. 2), Mtartaric acid at a slightly higher conductivity, 200 gemmhos, and 
n-ion citric at a still higher conductivity, 280 gemmhos. Hydrochloric and 
ation, Muitric acids showed strictly comparable curves under all conditions, 


and accordingly results for the former only are detailed. The 


would 
behaviour of the two organic acids showed no outstanding differences, 


even 

ms of gud only the results for tartaric acid are quoted. The results are 
al to @ ct out in Tables IT and III, and the corresponding curves in Figs. 1 
— Taste II. 


sults, Normality of added HCl, 0-:004N. Volume of solution initially in 


in : : 
mr cell, 37 c.c. Pt sol boiled for 50 minutes, « = 22:3. 
idity (A). (B). (C). (D). . 
Water of Pt sol of HNO, of Tartaric acid 
hese x = 0-61. Kk = 22-3. Kk = 21-5. of x = 22-3. 
105 (a). (b). (a). (b). (a). (0). (a). (b). 
the sin 0-61 mee 22-3 oon 21:5 22-3 
28 12-86 27-8 33-9 26-9 33-28 33 34-08 
ural 60 26°45 60 47-67 58-6 47-28 76 50-98 
tion 9] 40-28 91 61-44 89-9 61-30 119 68-15 
121 53-47 122 74-64 121 14-74 158 84-85 
157 69-97 156 89-74 155 90-46 198 101-5 
it.) 201 89-1 203 ~=—s:«109-6 199 110-1 237 ~=—«-:117°9 
a 930 102-4 232 =: 122-0 229 =: 1231 273 ~=—s-:183-8 
tion 270 «=: 1208 276 ~=.:1418 277 144-4 312 149-8 
vere 325 144-3 323 = 162-5 324 164-9 348 165-7 
the 391 174-2 388 190-5 369 185-0 383 180-4 
434 193-6 433 210-4 413 204-8 418 196-5 
the 468 207-4 468 226-1 456 223-9 452 211-0 


236-5 260-1 517 239-2 


ter 
TABLE ITI. 


ve. § Normality of tartaric acid added, 0-01N. Volume of solution 
the initially in cell, 37 c.c. Pt sol boiled for 50 minutes, « = 23-1. 
ve (A). (B). (C). (D). 
Water of Pt sol of HNO, of Citric acid 
its Kk = 0-54. x = 23-1. « = 22-9. of x = 23-6. 
ty (a). (5). (a). (6). (a). (5). (a). (b)s 
— 0-54 — 23-1 — 22-9 — 23-64 
C.- 67 19-7 67 40-5 83 43-51 67-1 38-19 
ir. 152 38-0 146 57-5 196 66-0 149 54°16 
230 53-5 225 72°4 298 84-96 225 67°63 
on 304 67°17 299 85-4 404 102-1 297 79-91 
h. 390 82-40 382 99-3 502 117-1 384 93-63 
j 498 99-3 491 116-2 600 131-1 494 109-7 
’ 569 110-1 571 126-9 695 144-1 567 119-9 
7e 671 125-2 678 141-2 796 156-6 673 134-2 
6 789 140-2 789 156-2 896 168-6 791 150-2 
884 152-2 882 167-7 991 180-5 882 160-8 
ie 847 160-4 971 178-6 1080 191-2 947 168-6 
e 1054 173-7 1076 190-9 1169 201-1 1059 181-5 
1136 183-7 1161 200-7 1260 210-8 1165 192-3 


1254 203-2 


Biv: & 
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and 2. In each table column (a) gives 10° times the concentration 
of added hydrochloric acid (Table II) or tartaric acid (Table Ill) 
based on the total volume of the resulting solution, and column (b) 
gives the specific conductivity (x) in gemmhos. 

In Figs. 1 and 2, curves A represent the specific conductivities of 
the pure acid at various concentrations, whilst curves B represent 
the specific conductivities of the platinum sol at corresponding 


Fie. 1. 
[Hydrochterre Acid). 


Curve A. Water + HE! - 
Curve B. PrSol+ HC! ° 
Curve €. HWO,_+ HCi, 
Curve D  Tartarie Acid + HC). 
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(added) acid concentrations. The latter curves go well past the 
coagulation points. It is at once evident that after coagulation the 
total conductivity of the solution is the approximate sum of the 
initial and added acid conductivities, thus confirming the conclusion 
from the foregoing determinations of pg, that during the coagulation 
process no acid is removed. It might be objected, however, that the 
slight convergence of the curves indicates an actual removal of the 
acid. This is not so, for it will be noticed that the convergence of 
the curves still persists even after all the platinum has been precipitated. 
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(this was also the case with the curves which have been omitted.) 
jt must therefore be concluded that during coagulation none of the 
initial nor of the added acid is removed. ‘The convergence of the 
4 and B curves is due to either or both of the following : (a) the 
mutual repression of ionisation of the platinum acid and the added 
acid, (6) the diluting effect of the added acid on the volume of the 
platinum sol taken and therefore on the platinum acid present. 
The latter effect is inherent in the method used and can be calculated 
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from the dilution figures. Since 37 ¢.c., the original volume of the 
platinum sol, always received a total addition of 5 c.c. of acid, the 
conductivity due to the platinum acid should be decreased in the 
ratio 42: 37. This decrease coincides so closely with the experi- 
mental convergence of the curves, particularly when they are plotted 
on a larger scale, that the first explanation can be ruled out, and 
it is concluded that the added acid does not materially repress the 
ionisation of the natural platinum acid, which therefore behaves as 
a strong acid. This conclusion was completely confirmed by 
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replacing the platinum sol with a strong acid of the same gop. 
ductivity and repeating the experiment. 

To this end some conductivity water was placed in the cell, and 
nitric acid added in very small amounts until the solution showed a 
specific conductivity approximately that of the platinum sol used, 
Conditions were so arranged that the total volume was now 37 ¢¢, 
The solution then received increments of hydrochloric acid unde 
exactly the same conditions as the platinum sol. The results are 
set out in column C of Table II and curve C in Fig. 1. Curves B 
and C are extremely close together, but in view of the fact that the 
experimental error is so small as to be represented by the size of the 
dots in the figure, it would appear that the platinum-sol curve, B, 
actually falls very slightly below the strong-acid curve, C. 

If, on the other hand, a dilute solution of tartaric acid (x = 223 
gemmhos) is treated in exactly the same way, the resulting curve 
(D, Fig. 1; see col. D, Table IT) falls well below the corresponding 
Band C curves. This is what would be expected and is due to the 
depression of the ionisation of the weak tartaric acid by the strong 
hydrochloric acid. 

On repeating these experiments, starting with dilute solutions of 
nitric and of citric acid, and adding tartaric acid, corresponding 
results were obtained (see columns C and D, Table III; curves ( 
and D, Fig. 2). In this case, however, there is no measurable 
difference between the platinum-sol curve (B) and the strong-acid 
curve (C). Strictly comparable results were obtained when citric 
acid was the added acid. 

From these results two conclusions stand out : first, that during 
coagulation no acid is removed, and secondly, that the natural acid 
originally present in the platinum sol is a strong acid comparable in 
strength with nitric acid. 

An attempt was made to follow the pg-acid concentration 
changes for the above solutions. As with the previous pg measure- 
ments the technique proved difficult and the experimental error 
was high. One set of results only is quoted (Table IV); it shows 
the hydrogen-ion concentrations of a range of hydrochloric acid 
solutions and those of platinum solutions of the same (added) 
hydrochloric acid concentration. 


TABLE IV. 
Pt sol of [H+] = 4 x 10-5. 


[H+] of acid alone, x 105 
[H+] of Pt sol, x 10° 
Difference x 10° 


These, and in fact all the results obtained by this method, show 
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definitely that after coagulation the solution has a higher acidity 
than that due to the added acid, but so far the #.M./’. results afford 
oly qualitative support to the above conductimetric work. This 
evidence is of value, however, for it shows by the most direct 
method that in platinum sols we are undoubtedly dealing with acid 


solutions. 
Discussion. 


In Part II (loc. cit.) it was suggested that the colloidal platinum 
particles consisted of aggregates containing both atoms of platinum 
and complex anions of probable constitution PtOQ,. The anions 
formed a protecting ionised surface to the colloidal particles. It 
was further suggested that the positive kations, the hydrogen ions, 
were free, and as such could be titrated with bases. The present 
work, while supporting the general nature of this structure, reveals 
some essential differences. Although the platinum particles are of 
the structure outlined, the results now indicate that their hydrogen- 
ion partners are not free but form a double layer at the surface. 
The free strong acid in solution would appear to be a platinic acid, 
and although no valid alternative interpretation of these results is 
available, yet it is surprising that such an acid should be capable of 
existence in the free state, and still more so that it should behave as 
astrong acid. The presence of this acid accounts for the stability 
of the sols and for their ease of preparation in the purest con- 
ductivity water. Further, the acidity and the conductivity of 
platinum sols is due entirely to this free acid, and it remains in 
solution after all the platinum has been coagulated. 

The increase in acidity (and conductivity) on boiling or on ageing is 
tentatively accounted for as follows: The colloidal platinum par- 
ticles consist of atoms of platinum plus PtO, anions. At high 
temperatures some of these, probably the larger, suffer disin- 
tegration. This disintegration sets free a certain number of PtQ, 
anions which with their hydrogen-ion partners form platinic acid. 
Part of the disintegrated particle thereby becomes unstable and 
forms a slight precipitate such as is always produced on boiling. 
Ultra-microscopic investigations are now being carried out which 
will probably throw further light on the coagulation process. 

The similarity in nature between solutions of colloidal platinum 
and of mastic is now emphasised. Tartar and Draves’s mastic 
sols (loc. cit.) were definitely acid (py 4-08—3-47), and by ultra- 
filtration and dialysis the acidity was traced to organic acids in true 
solution. Moreover, after coagulation the solutions retained their 
original acidity. Rabinowitsch and Burstein (Biochem. Z., 1927, 
182, 110) titrated mastic sols with alkali and obtained conductivity 
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curves with sharp minima, and Hotta (ibid., 183, 72) confirmed the 
acid nature of the sols by electrometric measurements. They also 
found that both the conductivity and the hydrogen-ion ¢op. 
centration increased on keeping. 


Summary. 

‘he previous work revealing the acid nature of colloidal platinuy 
sols is confirmed by direct measurement of the pg with the quin- 
hydrone electrode. Such measurements show that platinum sol 
become more acid on keeping or on boiling. 

It is shown that the coagulation of colloidal platinum by acids 
occurs at an almost constant pg. 

Definite evidence is produced that during the coagulation by 
acids no acid is removed by the platinum particles. 

It is shown that the natural acidity of platinum sols is due to a 
free acid, probably platinic acid, which at these low concentrations 
behaves as a strong acid. 


Note added, January 14th, 1928.—Further work indicates that 
the acid is hexahydroxyplatinic acid, H,Pt(OH),. S. W. P. 


UNIVERSITY OF ADELAIDE, 
South AUSTRALIA. [Received, January 16th, 1928.] 


LXXII.—The Budde Effect with a Mixture of Bromine 
Vapour and Air. 


By Ernest Brown and Davin LEONARD CHAPMAN. 


Bubp (Pogg. Ann., 1871, 144, 213) observed that chlorine expands 
on exposure to light, and suggested that the effect might be due to 
the dissociation of chlorine molecules into atoms; but later [Pogg. 
Ann. (Ergb.), 1873, 6, 477], he showed that the expansion was 
accompanied by a rise in temperature, which was of sufficient 
magnitude to account for the increase in volume. 

Several investigators have asserted that dry chlorine does not 
exhibit the Budde effect ; but none, with the exception of Shenstone 
(J., 1897, 71, 471), describes experiments in support of the assertion. 
Moreover, as the single experiment reported by Shenstone is 
unconvincing, there is not at present, in our opinion, sufficient 
reason for accepting the view that dry chlorine does not exhibit the 
Budde effect. 

Recently, however, both Ludlam (Proc. Roy. Soc. Edin., 1924, 
44, 197) and Lewis and Rideal (J., 1926, 583) have described 
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experiments which appear to demonstrate conclusively that a dry 
mixture of pure bromine vapour and air does not expand when 
exposed to light. Their published data show that the effect of. 
desiccation becomes appreciable when the degree of dryness reaches 
that attainable by leaving a gas in contact with concentrated 
sulphuric acid, and that after thorough drying with phosphorus 
pentoxide no Budde effect at all can be detected. 

Using rather different methods of experiment from those adopted 
by Ludlam and by Lewis and Rideal, and taking what appear to us 
to be reasonable precautions, we have obtained results which seem 
to indicate that the Budde effect with a mixture of air and bromine 
isnot diminished to any measurable extent by drying. 


EXPERIMENTAL. 

The bromine was bought as pure, and was subjected to the 
process of purification recommended by Scott (J., 1913, 103, 847). 
The last traces of chlorine (if any) were then removed by distilling 
it from a solution of potassium bromide (previously freed from 
iodine), and the last traces of hydrobromic acid by shaking it with a 
very dilute solution of potash, separating, and finally distilling it 
from moist zine oxide. 

The phosphorus pentoxide was distilled in a current of oxygen, 
as described by Finch and Fraser (J., 1926, 117). The product was 
very pure, and the yield good. It melted to a perfectly clear liquid, 
did not reduce either silver nitrate or mercuric chloride, and 
contained a large proportion of the volatile form. 

The apparatus is depicted in Fig. 1. The section to the left of the 
ground glass joint, c, was constructed of Pyrex glass. This was 
cleaned with chromic acid solution, washed with hot distilled water, 
and quickly dried. Whilst the glass was still warm, phosphorus 
pentoxide was introduced into the tube Z, and into the tubes A, 
and A, through the tubulures d, and d,. About 4 ¢.c. of bromine, 
which had been kept for some days in contact with phosphorus 
pentoxide, were introduced into Z. £, d,, and d, were then sealed 
by the blowpipe. The apparatus was next brought into connexion 
with the pumps by means of the ground glass joint, c, and the tube 
E and the U-tubes F and G were immediately afterwards surrounded 
with liquid air. The apparatus was then exhausted with a mercury- 
vapour pump backed by a Sprengel pump. After a high vacuum 
had been obtained, the lower portion of the tubes A, and Ag, to 
slightly above the level of the phosphorus pentoxide, were surrounded 
with water contained in shallow basins, and the rest of the apparatus, 
except the portions in the vacuum flasks, was strongly heated with 
the blowpipe while the pumps were in action. About 1 c.c. of the 
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bromine in EZ was then distilled into F. Air, which had already 
been freed from carbon dioxide and dried by phosphorus pentoxide, 
was then slowly admitted to the apparatus through the U-tube G, 
Most of the bromine contained in E was then distilled into A,, and the 
portion of the apparatus between the short capillary tubes a and} 
was detached by sealing before the blowpipe. 

Bromine “ wets’? phosphorus pentoxide and is rapidly drawn 
into the spaces between the crystals, and as the phosphorus pent- 
oxide introduced into each of the tubes H, A,, and A,, was more 
than sufficient to absorb the whole of the bromine used, the drying 
of the liquid bromine must have been very rapid. To hasten the 


Fie. 1. 
To, pumps 


process of desiccation the bromine was distilled backwards and 
forwards between the tubes A, and A, and the small bulbs B, and 
B,, the distillation being effected by alternately cooling and warming 
B, and B, and the connecting capillary tube, C. The phosphorus 
pentoxide was not heated. The internal diameter of the tubes 4; 
and A, was 3 cm., and that of the capillary tube, C, 1 mm. 

For the purpose of comparison, a similar apparatus was con: 
structed of the same Pyrex tubing and filled with 4 c.c. of moist 
bromine and air at atmospheric pressure. 

With this apparatus the measurement of the Budde effect 
presented no difficulty. A, and B, were surrounded with aluminium 
foil which was painted black on the outside. A scale was attached 
to the capillary tube, C, which contained a thread of bromine about 
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jem. long. On exposure of A, to light, the thread of bromine 
goved rapidly towards A,, and it returned to its former position 
m the light being shut off. All the measurements recorded below 
yere made with the apparatus enclosed in a darkened thermostat 
flled with water at 26°, the light being admitted to the thermostat 
through an oblong window of such a size that about one-half of the 
entral portion of the insolation vessel was illuminated. The source 
light was a 1000-watt, gas-filled, tungsten-filament lamp, placed 
with its filament at a distance of 30 cm. from the centre of the 
insolation vessel, In making the measurements, the white light was 
filtered either through a 25% solution of ferrous ammonium 
sulphate or through a 5% solution of sodium dichromate contained 
inglass troughs with parallel plane faces, and of the same dimensions. 

A typical result is recorded below : 

Light filtered through ferrous ammonium sulphate solution. 

Time of drying (days) 79 396 
Expansion (scale divisions) 50-6 53-5 

The ratios of the expansion caused by exposure to light which 
had been filtered through the solution of sodium dichromate to that 
occasioned by exposure to light transmitted through the solution of 
ferrous ammonium sulphate, after different periods of drying, is 
given in the following table. 


Time of drying (days) Wet 22 61 72 126 396 
Ratio of expansions... 0-40 0-39 0-44 0-41 0-38 0:35 


Conclusion. 


The almost complete removal of water vapour alone from a 
mixture of bromine vapour and air does not prevent the mixture 
from exhibiting the Budde effect. 


THE LEOLINE JENKINS LABORATORIES, 
Jesus COLLEGE, OXFORD. [Received, December 29th, 1927.] 


LXXIII.—The Nitration of Benzylaniline. 
By JosEPpH Rertty, Joun J. Moore, and Peter J. Drumm. 


Marzuparra (Ber., 1887, 20, 1613), by nitrating dibenzylaniline 
in acetic acid solution, obtained 4-nitrophenyldibenzylamine, 
NO,°C,H,"N(CH,Ph),. Under such conditions we have found that 
benzylaniline does not nitrate in either ring, the nitrate of the 
base only being formed. On nitration with nitric and sulphuric 
acids, however, benzylaniline yields phenyl-3-nitrobenzylamine, 
C.H;-NH-CH,°C,H,-NO,, and a small quantity of phenyl-4-nitro- 
benzylamine. Further work on this interesting result—unexpected 
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in view of recent theories on substitution, which indicate that 
nitration should occur in the o- and p-positions of the aniline ring 
—will be undertaken as soon as possible. 


EXPERIMENTAL. 

Nitric acid (d 1-5; 6-7 g.) was added to benzylaniline (18-3 ¢) 
in acetic acid (500 c.c.); crystals of benzylaniline nitrate, m. p. 
142° (decomp.), slowly separated (Found: N, 11-8. Cale. for 
C,,H,,N,HNO,: N, 11-4%). 

To a well-cooled solution of benzylaniline (10 g.) in concentrated 
sulphuric acid (150 c.c.) was added, with stirring, a solution of 
nitric acid (d 1-5; 3-7 g.) in concentrated sulphuric acid (20 ¢.c), 
the temperature being maintained at about — 3°. The mixture 
was stirred for an hour at 0° and poured on crushed ice. The 
clear solution, when made alkaline in the cold with sodium carbonate 
solution, gave a reddish-orange precipitate (10 g.) which, crystallised 
from alcohol and finally from light petroleum (b. p. 60—80°), formed 
deep orange needles (6-5 g.), m. p. 84:5—85° (Found: N, 123. 
Cale. for C,,H,,0,N,: N, 12:3%). The residue obtained by 
evaporation of the alcoholic mother-liquor, on repeated crystallis. 
ation from light petroleum (b. p. 60—80°), gave yellow plates (1 g.), 
m. p. 70—72°, which were identified as phenyl-4-nitrobenzylamine 
by the melting point of a mixture with an authentic specimen. 

The identity of the above substance (m. p. 84-5—-85°) with phenyl. 
3-nitrobenzylamine was established by the mixed melting-point 
method and by comparison of their acetyl and benzoyl] derivatives. 

Acetophenyl-3-nitrobenzylamide was prepared by Purgotti and 
Monti (Gazzetta, 1900, 30, 257) by heating phenyl-3-nitrobenzyl- 
amine with acetic anhydride in a sealed tube at 130° for 3 hours, 
and obtained as yellow needles, m. p. 48°. It is more conveniently 
obtained by heating the nitroamine and acetic anhydride at the 
ordinary pressure in presence of anhydrous sodium acetate. It 
crystallised from benzene-light petroleum (b. p. 60—80°) in colour- 
less plates (Found: N, 10-4. Calc. for C,;H,,0,N.: N, 10-4%), 
which melted, alone or when mixed with the acetyl derivative of 
the main product of nitration of benzylaniline, at 66—67°. 

Benzophenyl-3-nitrobenzylamide, prepared in the usual manner, 
crystallised from benzene-light petroleum (b. p. 60—80°) in colour- 
less prisms (Found: N, 8-6. C,)H,,0,N, requires N, 84%). 
Specimens prepared from phenyl-3-nitrobenzylamine and from the 
main product of nitration of benzylaniline melted, alone or when 
mixed, at 103°. 


Universtry COLLEGE, Cork. [Received, December 29th, 1927.] 
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LXXIV.—Trimethylplatinum Acetylacetone, a Volatile 
Platinum Compound. 


By RoBEeRT CHARLES MENZIES. 


Taz separation of thallous iodide from solutions of thallous acetyl- i 
acetone in ethyl or methyl iodide and the preparation of ethyl g 
ethylacetoacetate by boiling a solution of ethyl thalloacetoacetate 3 
in ethyl iodide are particular instances of double decomposition 
between thallous salts and halides. The reaction is a general one 
for the preparation of acetylacetone derivatives, e.g., ferric acetyl- 
acetone is obtained in 60% yield by heating one equivalent of ferric 
chloride with three equivalents of thallous acetylacetone. A new 
application of the method is the preparation, by reaction between 
thallous acetylacetone and trimethylplatinic iodide (Pope and 


allised # Peachey, J., 1909, 95, 571) in dry benzene, of trimethylplatinum 

ormed CMe 

12:3. Bf acetylacetone, Me,Pt¢ CH, which is now described on account 

sd by O:CMe 

stallis. @ Of its behaviour on heating. 

(1 g.), 

amine EXPERIMENTAL. 

Ms Ferric acetylacetone (2:14 g.; yield, 61%) was obtained by 

reny! refluxing 1-62 g. of anhydrous ferric chloride and 9-1 g. of thallous : 
‘pont F acetylacetone in dry ether. The reaction was completed in less 
tives. f than } hour and 6:3 g. of thallous chloride (yield, 88%) were also 

i and § obtained. The first two crops (1-1 g. and 0-55 g.) had m. p. 185° 3 
nzyl Band 182°, respectively (Hantzsch and Desch, Annalen, 1902, 323, a 
ours, F 13, found m. p. 179°; Urbain and Debierne, Compt. rend., 1899, 129, 

ently § 303, found m. p. 184°). : 

t the Trimethylplatinic iodide (7-5 g.) was prepared from chloroplatinic : 
» Ith acid (20 g.) by Pope and Peachey’s method (loc. cit.). Great diffi- ; 
lou § culty, however, was experienced in dissolving anhydrous platinic 

4%), chloride in dry ether. It was therefore dissolved in the minimum 

re of quantity of absolute alcohol; this solution, on addition of ether, 


separated into two layers. The presence of the alcohol necessitated 
the use of a large excess of the Grignard reagent. 
Trimethylplatinum Acetylacetone.—Solutions of 3-7 g. of trimethyl- 
platinic iodide and 3-03 g. of thallous acetylacetone in warm benzene 
free from thiophen were mixed and heated under reflux, the thallous 
iodide that separated was removed, the filtrate evaporated to dry- 
ness, and the residue crystallised from hexane (charcoal). Two crops 
(16 g. and 0:8 g.) of trimethylplatinum acetylacetone were obtained 
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(yield, 70%) (Found: Pt, 57-0; C, 285; H, 4:9. C,H,,0,P 
requires Pt, 57-5; C, 28-3; H, 4-75%). 

This compound separates from hot benzene, on cooling, in colour. 
less needles, but as thick plates on slow evaporation of a cold 
benzene solution. It is very soluble in the usual organic solvents 
and is most conveniently recrystallised from light petroleum or 
hexane. In 3% benzene solution it is associated (Found: Y, 
eryoscopic, 576. Calc.: M, 339-2). A solution in methyl alcohol 
remains transparent on mixing with cold water, but on being heated 
the mixture becomes cloudy. 

When heated in a capillary tube, trimethylplatinum acetylacetone 
decomposes at about 200° without melting; but in a dry tube or flask it 
sublimes, a little being deposited apparently unchanged on the cooler 
parts of the vessel. The vapour, however, is decomposed by hot glass, 
on which the platinum is deposited in a coherent form ; by carefully 
heating and shaking a small quantity in a glass vessel, it is possible 
to coat much of the surface with a platinum mirror. Mirrors pre. 
pared in air at the ordinary pressure do not adhere firmly, being partly 
stripped, but not dissolved, by boiling nitric or hydrochloric acid. 
If, however, the glass be heated to a dull red heat after deposition, 
the metal adheres more firmly. When the compound was heated in 
the vacuum produced by a good water-pump, in a test-tube immersed 
in a sulphuric acid bath, sublimation began at 160°, the compound 
condensing above the level of the acid. Decomposition on the hot 
glass below the acid took place slowly at 160° and became rapid 
at 190°. Subsequent heating of the evacuated tube over a flame, 
and finally at a red heat after the platinum had been deposited, gave 
the most adherent mirror yet obtained; it was not stripped by 
boiling with water or nitric or hydrochloric acid. 
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LXXV.—The Synthesis of meso-Alkyl and meso-Ary 
Anthracene Derivatives. Part III. 


By Epwarp DE Barry BARNETT and JAMES WILFRED Cook. 


A. THE action of Grignard solutions upon anthrones has been 
further studied (for references to previous work, see Part Il, J., 
1927, 1724) with the following results. 

1. The dihydroanthranols (I) obtained from 1 : 5-dichloro-9- 
benzylanthrone could not be made to crystallise with the exception 
of the phenyl and benzyl compounds (I, R = Ph and CH, Ph). 

2. The methyl and benzyl compounds (I, R = Me and CH,Ph, 
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respectively), on being heated with acetic acid containing a little 
hydrochloric or sulphuric acid, gave colourless and non-fluorescent 
methylene derivatives (II, R = H and Ph, respectively), but the 
phenyl compound, with which such a reaction is impossible, gave 
penzy|phenyldichloroanthracene (III, R = Ph). From the remain- 
ing oily dihydroanthranols, only resinous products were formed, 
although from the isopropyl derivative «sopropylbenzyldichloro- 
anthracene (III, R = Pr*) was obtained in very small yield. 
1:5-Dichloro-9-benzylanthrone therefore resembles 1 : 5-dichloro- 
anthrone (Barnett, Cook, and Matthews, Ber., 1926, 59, 2863), 


1927, 1724), and 1 : 5-dichloro-9-methylanthrone (Barnett and Cook, 
Ber., 1928, 61, 314) in its behaviour towards Grignard solutions. 


PhH,C-CH PhH,C-CH C-CH,Ph 
CHC C,H, CHAK SOHC cao) Sc 
HOR CCHR 
(I. (I1.) amt) 


3. Since the methylene derivative (IT) might be formed either by 
direct loss of water or by the preliminary formation of an alkyl- 
anthracene and subsequent transannular migration of a hydrogen 
atom (Barnett and Cook, loc. cit.), dihydroanthranols (IV) were 
prepared by the action of magnesium methyl iodide and magnesium 
benzyl chloride on 9: 9-diphenylanthrone, and the behaviour of 
these dihydroanthranols towards acetic acid containing a little 
mineral acid was studied. In both cases, transannular loss of water 
is impossible, but methylene derivatives (V) were readily formed. 


CPh, Ph C-CH,Ph 

CH SCH, C,H, Oa H, OH, CoH 

HON-CH,R \-CH,Ph 
(IV.) (Vv. : (VI.) 


4. 9:9-Dibenzylanthrone gave well-crystallised dihydroanthr- 
anols on treatment with magnesium methyl iodide, magnesium 
phenyl bromide, and magnesium benzyl chloride. All of these 
became fluorescent on heating with acetic acid containing mineral 
acid. From the methyl and the phenyl compound no definite 
decomposition product could be isolated, but from tribenzyldihydro- 
anthranol considerable quantities of 9 : 10-dibenzylanthracene (VI) 
were obtained, and although the yield is poor this is probably the 
best method at present known of preparing this hydrocarbon. 
The formation of dibenzylanthracene from tribenzyldihydroanthranol 
must be due to transannular loss of benzyl alcohol (the acetic acid 


1:5-dichloro-9-phenylanthrone (Barnett, Cook, and Wiltshire, J., 


“ate 
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liquor smelt strongly of benzyl acetate), and the reaction, which js 
an interesting one, is being further investigated. 

B. Previous work on the action of alkyl halides and caustic alka}; 
on anthrones (Goldman, Ber., 1888, 24, 1178, 2505; Hallgarten, 
ibid., 1888, 24, 2508; K. H. Meyer and Schlisser, Annalen, 1920, 
420, 130; Barnett, Cook, and Matthews, J., 1923, 123, 391, 2631. 
Ber., 1928, 64, 314) has shown that one or more of the following pro. 
ducts may result : anthranyl alkyl ether (VII), alkylanthrany] alkyl 
ether (VITT), alkylanthrone (IX, R = H), dialkylanthrone (IX), 


C-OR C-OR CO 
OCR O. 
CH CR CRR’ 

(VITI.) (VIITI.) (IX.) 


Which type of compound is produced in any given case depends both 
on the particular anthrone used and on the alkyl halide. The 
following further results have now been obtained : 

1. 1: 5-Dichloroanthrone when boiled with benzyl chloride and 
caustic potash gave an almost quantitative yield of benzyl 
dichloroanthrone (IX, X = C,H,Cl, R =H, R’ = CH,Ph). In 
this respect dichloroanthrone differs from anthrone itself, as the 
latter under similar conditions gives dibenzylanthrone (IX, X = 
C,H,, R and R’ = CH,Ph) in about 40% yield, together with much 
resinous matter. This benzyldichloroanthrone can be neither 
methylated by means of methyl p-toluenesulphonate nor acetylated 
by boiling with acetic anhydride in pyridine solution. It can be 
reduced to the dihydroanthranol (X) by zinc dust and alcoholic 
ammonia. 

2. 1-Chloro-9-anthrone (XI) (Barnett and Matthews, J., 1923, 
123, 2549; compare Eckert and Tomaschek, Monatsh., 1918, 39, 
839) gave a dibenzyl compound which must be the dibenzylanthrone 
({X) and not the benzylanthranyl benzyl ether (VIII), since it gives 
a dihydroanthranol (XIII) on treatment with magnesium phenyl 
bromide. The isomeric 1-chloro-10-anthrone (XII) (Barnett and 
Matthews, loc. cit.) gave only resinous products. 


CO Cl CO 


PhH,C-CH 
CHO CHC 


HOCH CH, GH, C1 
(X.) (XT.) (XIT.) 


3. 2-Chloro-9-anthrone (XIV) (future communication; compare 
F. Meyer and Fischbach, Ber., 1925, 58, 1251) gave only resinous 
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goducts, easily soluble in ether, when boiled with benzyl chloride 
ud caustic alkali, and presumably the isomeric 2-chloro-10-anthrone 


~ alkali XV) gives the same result, since no crystalline substance could be 
garter, OH-PhC Cl co mn 

n, 192) | 

L, 2631: Cl : 

ing pro Cc 

yl (CH,Ph), CH, CH, 

IX), (XII1.) (XIV.) (XV.) 


isolated from the resinous product obtained by benzylating the 
aude mixture of isomerides prepared by reducing 2-chloroanthra- 
quinone (Barnett and Matthews, Joc. cit.). 

4, Attempts to prepare unsymmetrical dialkylanthrones by 
benzylating 9-methylanthrone and 9-phenylanthrone yielded only 
resinous products. 

5. 1: 5-Dichloroanthrone and benzal chloride also gave only 
resinous substances. 

It is possible that the failure to introduce more than one alkyl 
group into 1 : 5-dichloroanthrone is due to the hindering effect of 
one of the «-chlorine atoms, and this hindering effect may also 
account for the failure of 1 : 5-dichloroanthrone to give a benzylidene 
derivative with benzaldehyde in the presence of piperidine, and for 
the failure of 1 : 5-dichloroanthracene to give a ketone on treatment 
with benzoic anhydride and aluminium chloride (compare Cook, J., 
1926, 1282, 2160). The data at present available, however, are 
insufficient to permit useful speculation on the causes influencing 
these reactions. 
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EXPERIMENTAL. 


Action of Grignard Solutions on 1 : 5-Dichloro-9-benzylanthrone.— 
The finely powdered anthrone was slowly added to an ethereal 


923, 


> solution of the Grignard reagent (3 mols.), cooled in a freezing 
ves | mixture. After being kept in the freezing mixture for an hour 
nyl and at the ordinary temperature for 4 hours, the whole was poured 
ind on a mixture of ice and solid ammonium chloride, and the washed 


ethereal solution evaporated to dryness on the water-bath. As a 
rule a viscous oil was left, but when magnesium benzyl chloride was 
used 1 : 5-dichloro-9 : 10-dibenzyl-9 : 10-dihydroanthranol (I, R = 
CH,Ph) was obtained in the solid state; after recrystallisation from 
acetone, it formed snow-white needles, m. p. 197° (Found: Cl, 
158. C,gH,,OCI, requires Cl, 15-7%). 

The oil obtained when magnesium phenyl bromide was employed 
became solid on the addition of alcohol, and after recrystallisation 
from mixtures of acetone-aqueous alcohol and benzene-light 
petroleum 1 : 5-dichloro-10-phenyl-9-benzyl-9 : 10-dihydroanthranol-10 
v2 


da MOS he De 
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(I, R = Ph) formed colourless, glistening crystals, m. p. 167 
(Found: Cl, 16-5. C,,H, OCI, requires Cl, 16-5%). 

The dehydration of the dihydroanthranols was effected by heating 
on the water-bath for 1—3 hours in glacial acetic acid solution to 
which a little hydrochloric or sulphuric acid had been added. The 
following compounds were obtained : 

1 : 5-Dichloro-9-benzyl-10-methylene-9 : 10-dihydroanthracene (II, 
R =H). From the crude dihydroanthranol obtained by means of 
magnesium methyl iodide. Snow-white crystals, m. p. 123°, from 
alcohol (Found: Cl, 20-2. C,,H,,Cl, requires Cl, 20-2%). 

1 : 5-Dichloro-9-benzyl-10-benzylidene-9 : 10-dihydroanthracene (II, 
R = Ph). From the crystalline dihydroanthranol described above, 
Snow-white crystals, m. p. 158°, from glacial acetic acid (Found: 
Cl, 16-5. C,,H,)Cl, requires Cl, 16-6%). 

1 : 5-Dichloro-9-benzyl-10-isopropylanthracene (III, R = Pr’). A 
glacial acetic acid solution of the crude dihydroanthranol obtained 
by the action of magnesium isopropyl bromide was kept over-night 
at the ordinary temperature after a little hydrochloric acid had been 
added. The yellow crystals which separated were freed from red 
resinous matter by recrystallisation from ethyl acetate—alcohol and 
finally from alcohol. The substance then formed yellow plates, 
m. p. 138°, and exhibited a green fluorescence when in solution 
(Found: C, 76-2; H, 5-4. C,H Cl, requires C, 75-9; H, 5-3%). 

1 : 5- Dichloro - 10 - phenyl - 9 -benzylanthracene (III, R = Ph). 
Obtained in 90% yield from the crystalline dihydroanthranol by 
heating on the water-bath with glacial acetic acid containing hydro- 
chloric acid. After recrystallisation from toluene, it formed glisten- 
ing, yellow crystals which melted at 213° either alone or when mixed 
with an authentic sample (Barnett, Cook, and Wiltshire, J., 1927, 
1732). 

Action of Grignard Solutions on 9 : 9-Diphenyl- and 9 : 9-Dibenzyl- 
anthrone.—In each case the finely powdered anthrone was slowly 
added to the well-cooled Grignard solution (1}—2 mols.). After 
being kept for 10—30 minutes in the freezing mixture and for 3-4 
hours at the ordinary temperature (or over-night in the ice chest), 
the whole was poured on a mixture of ice and solid ammonium 
chloride, and sufficient ether added to dissolve the dihydroanthranol. 
The washed and filtered ethereal solution was then evaporated to 
dryness on the water-bath. The following compounds were 
obtained : 

9 : 9-Diphenyl-10-methylene-9 : 10-dihydroanthracene (V, R = H). 
The dihydroanthranol formed by the action of magnesium methyl 
iodide on diphenylanthrone could not be obtained pure owing to 
the ease with which loss of water took place. The crude product 
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P. 167° Hi ws therefore heated on the water-bath for 30 minutes with 8 parts 
if glacial acetic acid containing a little hydrochloric or sulphuric 
heating yid; the solid which separated on cooling crystallised from ethyl ; 
Ution to HM etate in colourless prisms, m. p. 192° (Found: C, 93-9; H, 5-9. } 
d. The (,,Ho9 requires C, 94-2; H, 5-8%). | 
9 : 9-Diphenyl-10-benzyl-9 : 10-dihydroanthranol-10 (IV, R = Ph), 
€ (UL, M ecrystallised from mixtures of benzene-alcohol and benzene-light i 
‘eans of petroleum, formed colourless needles, m. p. 228—230° (Found : 
*, from (90-2; H, 6-1. C,3H,,0 requires C, 90-4; H, 5-9%). 
9 : 9-Diphenyl-10-benzylidene-9 : 10-dihydroanthracene (V, R= 
ne (II, @ Ph). From the above dihydroanthranol by heating on the water- 
above, M bath with acetic acid containing hydrochloric or sulphuric acid. 
‘ound: i (olourless, glistening crystals, m. p. 254—255°, from toluene 


(Found: C, 94-1; H, 5-8. C,H, requires C, 94-3; H, 5-7%). 

9 : 9-Dibenzyl-10-methyl-9 : 10-dihydroanthranol-10. | Snow-white 
crystals, m. p. 175°, from aqueous acetone (Found : C, 88-8; H, 6-6. 
(gH, requires C, 89-2; H, 6-7%). 

10-Phenyl-9 : 9-dibenzyl-9 : 10-dihydroanthranol-10. Snow-white 
crystals, m. p. 189°, from acetone; gave a positive iodoform test 
(Found: C, 87-1; H, 6-7. (C,,H,,0,C,H,O0 requires C, 87-1; 
H, 6-7%). 

9:9: 10-Tribenzyl-9 : 10-dihydroanthranol. Colourless, hygro- 
scopic crystals, m. p. 140°, from benzene-light petroleum (Found : 
C, 90:1; H, 6-6. C,gH,,0 requires C, 89-8; H, 6-8%). 

9: 10-Dibenzylanthracene (VI). Tribenzyldihydroanthranol was 
dissolved in hot glacial acetic acid, a little concentrated hydrochloric 
acid added, and the whole heated for 4 hours on the water-bath. 
Colourless crystals separated from the hot solution and after cooling 
were collected and recrystallised from toluene. They then melted | 
at 245° alone or mixed with an authentic sample of dibenzyl- 
anthracene prepared by a different method (future communication). 

Action of Alkyl Halides and Caustic Alkali on Anthrones.—1 : 5- 
Dichloro-9-benzylanthrone (IX, X = C,H,Cl, R = H, R’ = CH,Ph). 
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4 & Fifty g. of 1:5-dichloroanthrone and 100 c.c. of benzyl chloride 
st), were boiled under reflux with 75 g. of potassium hydroxide in 300 c.c. 
um of water until the black tar at first formed had completely vanished 
10). (about 2 hours). After cooling, the pasty product was washed with 
to water by decantation and then agitated with ether. The almost 


colourless crystals thus formed were snow-white after recrystallis- 
ation from toluene or from ethyl acetate and then melted at 169° 
(Found: Cl, 20-3. C,,H,,OCl, requires Cl, 20-1%). 

This anthrone gives a red solution in alcoholic alkali, but cannot 
be methylated even by prolonged treatment with methyl p-toluene- 
sulphonate and potassium hydroxide in alcoholic solution, and in 
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this way resembles 1 : 5-dichloro-9-phenylanthrone (Barnett an 
Matthews, Ber., 1926, 59, 670). On the other hand, whereas 
phenyldichloroanthrone is easily acetylated by pyridine and acetic 
anhydride (Barnett and Matthews, loc. cit.), benzyldichloroanthrone 
cannot be acetylated by this method, and was recovered unchanged 
even after boiling for 12 hours with acetic anhydride and picoline 
bases (b. p. 140—145°). 

1 : 5-Dichloro-9-benzyl-9 : 10-dihydroanthranol-10 (X). Dichloro. 
benzylanthrone was recovered unchanged after boiling with hydriodic 
acid and red phosphorus in glacial acetic acid solution and was not 
reduced by zinc dust and aqueous ammonia. The reduction to the 
dihydroanthranol was effected by heating 5 g. with 15 g. of zine 
dust and 150 c.c. of alcoholic ammonia (7-5% NHs) on the water. 
bath for 4 hours. The crystals which separated from the filtrate 
on cooling became colourless on recrystallisation from alcohol and 
then melted at 179°. They contained no nitrogen (Found : C, 70-7; 
H, 4:7. C,,H,,OCl, requires C, 71:0; H, 45%). Facile trans. 
annular loss of water with formation of 1 : 5-dichloro-9-benzyl. 
anthracene (identified by direct comparison with an authentic 
sample) was brought about by heating on the water-bath with acetic 
acid containing a little hydrochloric acid. 

1-Chloro-10 : 10-dibenzylanthrone. Five g. of 1-chloro-9-anthrone 
were boiled under reflux for 2 hours with 10 c.c. of benzyl chloride 
and 7 g. of potassium hydroxide in 30 c.c. of water. The cooled 
pasty product was washed with water and agitated with ether and 
the resulting almost colourless solid was recrystallised from glacial 
acetic acid. It was then snow-white, melted at 223°, and gave no 
coiour with a boiling alcoholic solution of potassium hydroxide 
(Found : C, 82-1; H, 5-3.. C,gH,,OCl requires C, 82:2; H, 5-3%). 

1-Chloro-9-phenyl-10 : 10-dibenyl-9 : 10-dihydroanthranol-9 (XIII). 
Five g. of the above dibenzylchloroanthrone were added to an 
ethereal solution of magnesium phenyl bromide prepared from 
0-7 g. of magnesium. During the addition the solution was cooled 
in a freezing mixture, and after being kept for 5 hours at the ordinary 
temperature the whole was poured on a mixture of ice and solid 
ammonium chloride. The solid which separated was collected, and 
a small amount of rather less pure material was obtained by evapor- 
ating the ethereal layer of the filtrate. After recrystallisation from 
acetone it was snow-white and melted at 260° (Found: Cl, 171. 
C3,H,,OCl requires Cl, 7-3%). 

Sir Joun Cass Tecunicat InstivTuTEs, 

JEwRY Sr., E.C. 3. [Received, December 31st, 1927.] 
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LXXVI.—A Contribution to the Stereochemistry of 
Tervalent Nitrogen. 


By JosEPH GILBERT JACKSON and JAMES KENNER. 


ApraoucH the Hantzsch-Werner hypothesis has been fully sub- 
stantiated through the researches of Mills and his collaborators as a 
means of explaining the isomerism of the oximes and similar com- 
pounds, its application to compounds in which three separate groups 
ae attached to the nitrogen atom has been much less successful. 
It is unnecessary to refer in detail to the earlier work, since this has 
been critically reviewed by Meisenheimer (Ber., 1923, 56, 1353; 
1924, 57, 1715, 1744; Annalen, 1924, 438, 217), to whom we owe 


ol and @ valuable contributions to the subject. At the present time, the 
‘70-7; evidence in favour of a non-planar configuration of compounds of 
trans. @ tervalent nitrogen is to be seen in the dipolarity of the ammonia 
enzyl. f molecule, which confers on it the capacity of participation in metal- 
hentic | ammine formation (compare Magnus, Z. anorg. Chem., 1922, 124, 


289; Hund, Z. Physik, 1925, 31, 82); the existence of quinuclidine 
(compare Meisenheimer, Annalen, 1920, 420, 190); a difference in 


acetic 


throne @ the readiness with which the two forms of 4 : 5-dimethoxy-4 : 5-di- 
loride § hydroglyoxalone are converted into 5-methoxy-4 : 5-diphenyliso- 
s00led @ glyoxalone (Biltz, Annalen, 1909, 368, 156; Naturwiss., 1926, 29, 
rand @ 1678); the work of Moore (P., 1914, 30, 183); and the isomerism of 


methylisopelletierine with dl-methylconhydrinone (Hess, Ber., 


lacial 
1919, 52, 1622; 1920, 53, 129; Hess and Grace, Annalen, 1925, 


ve no 

oxide @ 441, 101). But, apart from this last instance, the search for 
3%), & isomerides demanded by a non-planar configuration has been 
Ill), § unsuccessful, and it would therefore appear that in general the non- 


planar readily passes into a planar form, from which the original 
or its enantiomorph may be regenerated, or else that the normal 
configuration is plane (compare Meisenheimer, Ber., 1924, 57, 1747). 

Before, however, such conclusions can be accepted, it is desirable 1 
that the negative results on which they rest should be supplemented i] 
by positive evidence. This would be supplied by the preparation 
of a compound in the molecule of which a nitrogen atom is common 
to two ring structures, which are at the same time plane and coplanar. 
Since, so far as we know, there is no evidence available which renders 
doubtful the plane configuration of five-membered ring structures, 
it would appear that these conditions would be fulfilled by a struc- 
ture of type (I), if Kekulé’s formula for benzene and its derivatives 
be accepted. 

The validity of the latter provision, however, requires examination, 
since the evidence of crystal structure indicates the possibility that the 
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benzene nucleus may not always be plane. It was therefore desirable, 
before proceeding to work ‘in the direction indicated on nitrogen 
compounds, to examine the behaviour of a compound, otherwise 
analogous, but containing in place of the nitrogen atom that of an 
element of which the stereochemical relationships are known to be 
closely similar to those postulated for nitrogen by the Hantzsch- 
Werner hypothesis. Since, then, anthranilodiacetic acid (II) 
appeared from the literature to be readily accessible, and the 
conditions suitable for the formation of the indoxylic ring structure, 
on which (IIT) is based, are well known, $-phenylglutaric acid (IV) 
was selected as its analogue for preliminary work. 


‘ie se 
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8-Phenylglutaric acid was easily converted under the influence of 
sulphuric acid into 1-ketohydrindene-3-acetic acid (V), but a careful 
search for any non-acidic, ketonic product, such as (VI), was un- 
successful. Similarly {-phenylglutaryl chloride underwent only 


~ Pete CO—CH, 
\ sn 
CH(CH,°CO,H), CH, CH, 
co” 
(IV.) (V.) 

partial internal condensation under the influence of aluminium 
chloride. In the first experiments on this reaction, the light 
petroleum used as solvent was not purified, so that a ketonic product 
corresponding in composition to w-3-hydrindonylacetophenone (VII) 
was also isolated. 


CH-CH,-COPh CH-CH,-COd 
C HK >CH C,H,*CH(CH,:COPh), C,H, oe 
2 


eo II.) (VIII.) (IX.) 


Its nature was demonstrated by its absence from among the 
products of reaction when aromatic components were removed from 
the solvent, and by its reappearance when benzene was added to 
the mixture employed. The formation of (VII) rather than 
wye-triphenylpentane-«e-dione (VIII) under these conditions is an 
interesting illustration of the usual tendency towards intra- rather 
than inter-molecular condensation, and throws into stronger relief 
the significance of the failure to obtain (VI). 
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These results accord with the earlier observation by von Braun, 
Danziger, and Kohler that «-hydrindylacetyl chloride (IX) cannot 
hemade to undergo internal condensation and, it may be noted, the 
embined results supply direct evidence against Sachse’s benzene | 
fomula, according to which the ring system of (VI) is almost free 
from strain. 

On the other hand, the results are in accord with the Kekulé 
formula and support, although possibly they do not finally demon- 
strate, the truth of the suggestion that two five-membered rings 
associated with a benzene nucleus in the manner contemplated must 
be coplanar. In regard to these rings, it was recognised that, for 
the present purpose, current views in regard to the configuration of 
saturated ring structures make it necessary to Jimit the number of 
atoms composing the ring to five. Experimental confirmation 
-of this has recently been supplied by von Braun and Reutter, who 
were able to prepare the ketones (X), (XI), and (XII) by the Friedel- 
Crafts reaction (Ber., 1926, 59, 1922).* 
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The fact that these compounds can be prepared serves at least to 
weaken any objection to the test here proposed, based on a possible 
difference in readiness of condensation between the 1 : 2- and the 
1: 6-positions in the benzene nucleus when the two are to be 
operative simultaneously (compare Marckwald, Ber., 1890, 23, 1015; 
Annalen, 1893, 274, 331; 1894, 279, 1). ‘ 

A more serious defect lies in the fact that a valency angle of 120° : 
in the case of a nitrogen atom might be sufficiently great to inhibit 
the possibility of forming the ring system (III). Possibly for this 
reason, although it was found possible to prepare indoxylacetic acid, 


* In view of von Braun and Reutter’s work, it is necessary to point out 
that this work was completed in 1924, that all the considerations here advanced 
were embodied in a thesis presented by one of us (J. G. J.) in that year for the 
degree of Doctor of Philosophy in the University of Sheffield, and that models 
and specimens thereof were on view at the British Empire Exhibition at 
Wembley in 1924. 

{ During the performance of this portion of the work I was unable to 
exercise any supervision. The careful work involved is therefore to be 
credited to my collaborator.—J. K. 
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N-CH,°CO,H 
C,H >CH (XIII), after suitable revision of the procedure 
C-OH 


described in D.R.-P. 128955 (Friedlaender, “‘ Fortschritte der Teer. 
farbenfabrikation,” VI, p. 559), no satisfactory evidence of the 
formation of (III) could be obtained. In certain circumstances, 
detailed in the experimental portion of this paper, small quantities 
of a compound of the desired composition were obtained, but the 
conditions were such as to make it necessary to regard this result as 
not entirely conclusive. 

Although the outcome of the experimental work now described 
is thus in some respects indefinite, we venture to think that the 
mode of approaching the main problem on which it is based is not 
without value; for, if the benzene nucleus be regarded as a guide 
in the manner discussed, a scrutiny of the following formule of 
compounds described in the literature indicated under them will 
show it to be difficult to escape the conclusion that, if their respective 
constitutions have been correctly assigned, a plane distribution of 
groups round the nitrogen atom is probable. 


CO-CPh 


Reissert, Ber., Eckert, Seidel, and Posner and Pyl, Ber., 1923, 56, 
1892, 25, 108. Endler, J. pr. Chem., 31; D.R.-P. 260243 (Fried- 
1922, 104, 85. laender, op. cit., XI, p. 293). 


wal! 
—o¢ 
N 
N:N: 
Balaban and King, J., 1925, Sachse and Steiner, Ber., 1909, 
127, 2704. 42, 367. 
If the same assumption be permissible in regard to the pyridine 
nucleus, the following compounds also should have plane con- 
figurations : 


Marckwald and Rudszik, Ber., 1903, Seide, Annalen, 1924, 
36, 1111. 440, 311 
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In order, however, that a final conclusion may be reached it will 
be necessary to apply the usual tests for the asymmetry which 
yould accompany non-planar configurations in any of these cases. 

The considerations mentioned in connexion with the results of 
yon Braun and Reutter indicate that the existence of the following 
compounds is less conclusive in respect of the question under 
discussion : 


| 4 
MeC MeCH CH, oC Co 
\Z be i 
CH CH, GH, 
Reissert, Ber., 1891, Reissert, Ber., 1892, Bamberger and Steinitzki, 
25,118; Pinkus,ibid., Ber., 1893, 26, 1300; von 
p- 2798; von Braun’ Braun and others, ibid., 


and Neumann, ‘bid., 1918, 51, 1215. 
1919, 52, 2015. 
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Perkin and Riley, J., 1923, Friedlaender and Sandes, Ber., 1924, 
123, 2400. 57, 641. 


EXPERIMENTAL, 

8-Phenylglutaric acid was prepared by hydrolysis of ethyl 
$-phenylpropane-aey-tricarboxylate with hydrobromic acid (b. p. 
125°). The crude material (yield, 90%: Avery and Bouton, 
Amer. Chem. J., 1898, 20, 512, obtained only 70%), after crystallis- 
ation from dilute hydrochloric acid, gave a 75% yield of pure 
material, m. p. 139°. 

1-Ketohydrindene-3-acetic acid (_V) was produced when §-phenyl- 
glutaric acid (40 g.) was added rapidly, but in portions, to sulphuric 
acid (480 g.) at 150°. Immediate addition of the solution to cold 
water (2500 c.c.) caused the condensation product (30 g.) to separate 
in octagonal plates, completely soluble in sodium carbonate solution. 
Similarly, the material (1 g.) recovered by extraction of the mother- 
liquor with ether contained no purely ketonic substance. After 
crystallisation from benzene, the acid melted at 151° (Found: 
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C, 69-6; H, 5-2; equiv.,190. C,H 490, requires C, 69-6; H, 5:29. 
equiv., 190). 

The semicarbazone (Found: N, 17-0; equiv., 248. Cr2H:0,N, 
requires N, 17-0%; equiv., 247) formed colourless, irregular prisms, 
m. p. 268° (decomp.). The methyl ester separated from benzene 
in large, hexagonal tablets, m. p. 65° (Found: C, 71-2; H, 64, 
C,.H,,0, requires C, 70-6; H, 5-9%), and furnished a semicarbazone, 
m. p. 152° (Found: N, 16-5. (C,3H,,0,N, requires N, 16-1%), and 
a 2-isonitroso-derivative, m. p. 167° (decomp.) (Found: N, 6-2. 
C,.H,,0,N requires N, 60%). The last compound was prepared 
by adding hydrochloric acid (d 1:17; 0-5 c.c.) to a solution of the 
ester (3-2 g.) and freshly prepared amyl nitrite (2-5 g.) in methyl 
alcohol (102 c.c.) at 40°, and maintaining this temperature for 3 
hours after the initial vigorous reaction had subsided. 

The ethyl ester, a viscous liquid, b. p. 194—200°/13 mm. (Found: 
C, 72:0; H, 6-4. C,3H,,0, requires C, 71-6; H, 6-4%), similarly 
yielded a semicarbazone, m. p. 131—132° (Found: N, 152 
Cy4H,,03 N, requires N, 15:2%), and a 2-isonitroso-derivative, 
prisms, m. p. 193° (decomp.) (Found: N, 6-1. C,3H,,0,N requires 
N, 5-7%). When either the acid or the methyl ester was treated in 
ethyl-alcoholic solution with amyl nitrite and hydrochloric acid, the 
respective products melted at 192° (decomp.) (Found : N, 5-8, 5-9%) 
and at 193° (decomp.) (Found: N, 5-7%), and neither depressed 
the melting point of the derivative just described. 

8-Phenylglutaryl Chloride—The action of thionyl chloride, 
phosphorus pentachloride, or phosphorus trichloride upon the acid 
under the usual conditions led to the formation either of the well. 
known anhydride, m. p. 105° (Avery and Bouton, loc. cit., p. 513; 
Vorlainder, Annalen, 1901, 320, 85), or of charred material, from 
which nothing definite could be isolated. An intimate mixture of 
the sodium salt (25 g.) with phosphorus pentachloride (40 g.) was 
therefore gently warmed for } hour after the initial reaction had 
subsided. The crude chloride (11 g.), b. p. 170—190°/15 mm, 
slowly deposited large plates, which melted at 46° after crystallis- 
ation from a mixture of carefully dried benzene and light petroleum. 
Owing to the facility with which the compound is converted into 
the anhydride, even on exposure to the atmosphere, the results 
of analysis were less satisfactory than usual (Found: Cl, 277; 
equiv., 62-5. C,,H,)0,Cl, requires Cl, 28-99%; equiv., 61-2). 

Action of Aluminium Chloride upon 8-Phenylglutaryl Chloride— 
Aluminium chloride (12 g.) was added to a solution of the crude 
chloride (9 g.) in light petroleum (100 c.c., b. p. 70—90°), which had 
been freed from aromatic compounds by treatment with nitrating 
acid, and finally the mixture was warmed until the evolution of 
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152%; hydrogen chloride ceased. After the residue had been treated with 
1,30,N ice, the light petroleum was volatilised in steam and shown not to 
ey have carried with it any of the products of reaction. These were 
belathine extracted from the aqueous liquor by means of ether, and keto- 
H, 60 hydrindeneacetic acid (3-1 g.) was removed from the extract by 
Pah means of sodium carbonate solution and identified in the usual 


manner with that already described. The non-acidic material 
(I-l g.) in the ethereal extract was a black tar, from which a gummy 
distillate (0-5 g.) was obtained by distillation under reduced pressure. 


of the #° ketonic constituents could be detected in this by means of 
methy! semicarbazide acetate. 
p Pe When unpurified light petroleum was employed in an otherwise 


similar experiment, a ketonic substance was isolated. This was 
identical with that obtained when a mixture of purified light 
petroleum (90 c.c.) with benzene (3-2 g.) was employed as solvent. 
Under these conditions ketohydrindeneacetic acid (1 g.) and non- 
acidic material (2 g.) were obtained. The latter, after distillation 
under reduced pressure and crystallisation from benzene-light 
petroleum, furnished yellowish, hexagonal plates (1:15 g.), m. p. 
78°. Its composition was in accord with the formula of w-3-hydrin- 
donylacetophenone (VII) (Found: C, 81-8, 82:1; H, 5-7, 5-5; M, 
ebullioscopic in benzene, 266. C,,H,,0, requires C, 81-6; H, 5-6%; 
M, 250). The disemicarbazone, hexagonal prisms, m. p. 233° 
(decomp.) (Found: N, 23-4. C,,H,,O.N, requires N, 23-0%), and 
the dioxime, colourless prisms, m. p. 179° after dehydration (Found : 
Loss in weight at 130°, 8-5. C,,H,,0,N,,14H,O requires H,O, 88%. 
Found in the dried material: N, 10-0. C,,H,,0,N, requires N, 
100%), were prepared. 

Anthranilodiacetic Acid (II).—The conditions of preparation 
described in D.R.-P. 128955 (Friedlaender, op. cit., VI, p. 559) result 
in the formation of a large quantity of phenylglycine-o-carboxylic 
acid and only a small quantity of the desired acid. Vorlinder and 
Mumme’s method (Ber., 1900, 33, 3182) also is not very efficacious. 
Eventually a mixture of crystallised sodium carbonate (200 g.), 
water (1000 c.c.), anthranilic acid (60 g.), and chloroacetic acid 
(100 g.) was boiled for 8 hours, alkalinity being just maintained by 
suitable addition of sodium carbonate. Finally, the cooled deep 
green liquid was treated with 50% sulphuric acid (70 c.c.). The 
precipitate, together with the small amount obtained from the liquor 
after the addition of more acid (30 c.c.), furnished pure anthranilodi- 
acetic acid (50 g.), m. p. 216° (decomp.) after crystallisation from 
water (400 c.c.). The material (40 g.) contained in the liquor from 
this crystallisation was chiefly phenylglycine-o-carboxylic acid, 
which was treated with more sodium chloroacetate. 
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The acid crystallised from water in colourless, octagonal plates, 
m. p. 216° (decomp.) (Vorlinder and Mumme, loc. cit., give 219°) 
[Found : equiv.,87. Calc. for C,H,N(CO,H),: equiv., 84], and its 
solution in water or alcohol was not fluorescent. The blue finoy. 
escence mentioned in D.R.-P. 128955 is due to phenylglycine. 
o-carboxylic acid, as are also the deep yellowish-brown colour of the 
acid there described and the dark red coloration it develops in not 
too dilute alcoholic solution on treatment with ferric chloride. 
Phenylglycine-o-carboxylic acid melts at 215° (decomp.), and a 
mixture of the two acids at about 200°. 

Indoxylacetic Acid (XIII).—This acid is not obtainable by the 
process described in D.R.-P. 128955. In order to prepare it, anthr. 
anilodiacetic acid (16 g.) and a solution of sodium hydroxide (30 g.) in 
water (25 c.c.) were heated together with constant stirring. Apart 
from evolution of steam, no change occurred at 150°. At 200° 
a few drops of water were added to facilitate disintegration of the 
hard lumps of material, and when this was complete and the mass of 
a uniform brown colour and of the consistency of clay, the mixture 
was allowed to cool. The solution of the cold melt (45 g.) in hot 
water (80 c.c.) furnished the crude acid on acidification with 50°, 
sulphuric acid (60 c.c.). By crystallisation from hot water (100¢.c), 
the pure acid (10 g.) was obtained in radiate clusters of mono. 
hydrated, hexagonal plates, which appeared green in the mass but 
yellow under the microscope (Found: loss in weight at 80°, 83. 
C,)H,O,N,H,O requires H,O, 8-6%). The anhydrous acid melted 
at 165° (decomp.) (Found: C, 62-8, 63-2; H, 4-9, 5-0; N, 73. 
C,,H,O,N requires C, 62-8; H, 4-7; N, 7-3%). 

O-Methylindoxylacetic Acid—A solution of indoxylacetic acid 
(5 g.) in 20% aqueous sodium hydroxide (6 c.c.) was gradually 
treated with methyl sulphate (8 g.) and a further quantity of alkali 
(14 c.c.). After being shaken for 3 days, the homogeneous light 
brown liquid yielded on acidification a reddish oil, which slowly 
solidified, and crystallised from aqueous methyl] alcohol in mono- 
hydrated, colourless, hexagonal prisms (3-5 g.) (Found : loss in 
weight at 80°, 8-2, 84. C,,H,,0,N,H,O requires H,O, 81%), 
sparingly soluble in water, but easily soluble in sodium carbonate 
solution and in methyl and ethyl alcohols. The anhydrous acid 
melted at 141—142° and contained one methoxyl group [Found: 
C, 64-4; H, 5-5; N,7-1; OMe, 15-5; equiv., 206. C,H,N(OMe)-C0,H 
requires C, 64-4; H, 5-5; N, 6-8; OMe, 15-1%; equiv., 206]. 

Fusion of Sodium Indoxylactetate with Sodamide.—The sodium 
salt for this purpose was prepared as already described, with the 
exception that no water was added at 200°, but the mixture was 
thoroughly stirred and maintained at 200—210° for 2 minutes. In 


SYNTHETICAL EXPERIMENTS, ETC. PART I. 581 


oder to prevent further reaction, the yellow, powdery mass was then 
quickly spread in a thin layer. 

The interaction between this material and sodamide is very 
violent and the following procedure was finally adopted to secure some 
control of the reaction, and permit the use of sufficient condensing 
agent. Sodamide (40 g.) was melted and cooled until solidification 
commenced at about 150°. The crude salt (50—60 g.) from two of 
the fusions described above was then gradually added with con- 
tinuous stirring. Finally, the temperature was carefully raised to 
130—200°; then in spite of continuous stirring and cooling with cold 
water, a Vigorous reaction occurred, accompanied by a strong odour 
of carbylamine and a further rise of temperature to 250°. When 
the main reaction had subsided and the temperature had been 
maintained at 220° for a further half-hour, the product was dis- 
solved in hot water (200 c.c.) and acidified with 50° sulphuric acid 
(120 c.c.). In case the desired product, like indoxy] itself (compare 
Vorlinder and Dresche, Ber., 1902, 35, 1701), might be unstable in 
presence of air, the tarry precipitate was dissolved in 20% sodium 
hydroxide solution (50 c.c.) and treated with methyl sulphate 
(20 c.c.). By repeated extraction with ether, a small quantity of 
material was obtained which crystallised from water in colourless 
needles (0-6 g.), m. p. 163°. Although this product could not be 
isolated unless the methylation process was carried out, its com- 
position, remarkably enough, agreed with that of the compound 
sought in the experiment (Found: C, 63-8, 63-5, 63:1; H, 5-3, 5-5, 
54; N, 14-7; M, by Rast’s method, 210. C, )H,)0,N, requires 
C, 63-2; H, 5-3; N, 14-7%; M, 190). 

One of us (J. G. J.) makes grateful acknowledgment of a main- 
tenance grant from the Department of Scientific and Industrial 
Research which enabled him to participate in this work. Our 
thanks are also due to the Research Fund Committee of the Chemical 
Society for a grant towards the expense. 
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LXXVII.—Synthetical Experiments on the Aporphine 
Alkaloids. Part I. A Synthesis of 5 : 6-Dimethoxy- 
aporphine. 

By Jonn Masson GuLLAND and Rosert Downs Hawortu. 


Ix attempts to synthesise aporphine alkaloids of type (II), the 
most usual starting points have been the substituted nitroisoquinol- 
ines of type (I), because these bases on reduction yield the corre- 
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sponding 2’-amino-derivatives, which may be converted by 
Pschorr’s method (Ber., 1896, 29, 496) into the aporphine bases, 
MeO 
MeO 


p* 
CH, (Ul) 


MeO AN 
MeO : yy 


The difficulty of preparing bases of type (I) has, however, until 
now precluded the synthesis of the naturally occurring alkaloids of 
type (II), with the exception of glaucine (Gadamer, Arch. Pharm., 
1911, 249, 680) and dicentrine (Haworth, Perkin, and Rankin, J,, 
1925, 127, 2018; 1926, 29). Both these alkaloids are excep. 
tional in containing ethereal oxygen atoms in the 2 : 3-positions, 
and the necessary nitroisoquinoline bases are readily prepared by 
direct nitration of the requisite 1-benzylisoquinoline derivative in 
which the 3’ : 4’-positions are occupied by methoxy-groups. Thus 
papaverine (III) readily yields 6’-nitropapaverine, which is con- 
vertible into glaucine (Pschorr, Ber., 1904, 37, 1926; Gadamer, 
loc. cit.) Many alkaloids of the aporphine group contain phenolic 
or ethereal oxygen in the 3: 4-positions and in order to prepare 
bases of this constitution by the method of direct nitration it would 
be necessary to introduce a nitro-group into the 2’-position of a 
base of the papaverine type (III)—an operation which has not yet 
been accomplished. 

The discovery by Hope and Robinson (J., 1911, 99, 2114), that 
cotarnine and the allied pseudo-bases condense with derivatives of 
o-nitrotoluene, provided a new method for the preparation of bases 
of type (I). Gadamer, Oberlin, and Schoeler (Arch. Pharm., 192%, 
263, 81) have employed this method for the synthesis of aporphine 
(II), but it has not yet been applied to the synthesis of the naturally 
occurring alkaloids of the series, partly owing to the inability of 
some pseudo-bases to condense with o-nitrotoluene derivatives and 
partly on account of the inactivity of the methyl group of 2-nitro- 
homoveratrole, as opposed to that of the 6-nitro-derivative. 
Derivatives of dinitrotoluene, however, readily condense with 
pseudo-bases (Hope and Robinson, loc. cit.; Graesser-Thomas, 
Gulland, and Robinson, J., 1926, 1971; Robinson and West, ibid., 
p. 1985; Robinson and Shinoda, ibid., p. 1987), but this modific- 
ation introduces complications which greatly increase the practical 
difficulties in the preparation of bases of the 1-(2’-aminobenzyl)-2- 
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A review of the literature convinced us that the well-known 
Bischler-Napieralski synthesis of isoquinoline bases had not been 
uficiently investigated. From the observations made by Pictet 
and Kay (J., 1913, 103,950) during an attempt to synthesise apo- 
morphine dimethyl ether by a modification of this synthesis, it 
night be concluded that bases of type (I) cannot be prepared by 


N this method. For example, these authors failed to obtain any basic 
material by the action of phosphorus pentoxide on 2'-nitro-3’ : 4’- 
dimethoxyphenylaceto-8-phenylethylamide (IV), and Gadamer, 

, until # Oberlin, and Schoeler (loc. cit.) were unable to employ 2’-nitro- 

vids of ff phenylaceto-@-phenylethylamide in a synthesis of aporphine (II). 
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nolic We have now achieved the stage of ring closure at which those 

pare # attempted syntheses broke down, and as a preliminary case we have 

ould § examined the action of a number of condensing agents on 2’-nitro- 
of a & phenylaceto-8-3 : 4-dimethoxyphenylethylamide (V). This amide was 
yet selected as being more favourable than the amide (IV), which 

Pictet and Kay investigated, because the activating influence of the 
that § methoxy-groups might be expected to facilitate isoquinoline form- 
sof § ation. Treatment of the amide (V) with phosphorus pentoxide or 
uses B® phosphorus oxychloride under a variety of conditions did not pro- 


25, # duce any isoquinoline base. It was found, however, that 2’-nitro- 
ine § 6: 7-dimethoxy-1-benzyl-3 : 4-dihydroisoquinoline (VI) was obtained 
lly § ina yield of 90% by the action of phosphorus pentachloride on a cold 
of & chloroform solution of the amide (V). This orange-coloured, crystal- 


ind § line base (VI) yielded a pale yellow, crystalline hydrochloride, and 
the stability of the base is remarkable when it is remembered that 


1-benzyl-3 : 4-dihydroisoquinoline bases readily undergo atmo- 


spheric oxidation (Buck, Haworth, and Perkin, J., 1924, 125, 2176). 
8, The base (VI) readily yielded a sparingly soluble, pale yellow, 
L., crystalline methiodide (VII), the constitution of which was proved 
¢- by fission with dilute sodium hydroxide solution in the manner 
al described by Pschorr (Ber., 1904, 37, 1932). The products of this 
). alkaline fission were o-nitrotoluene and 6 : 7-dimethoxy-2-methyl- 
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3: 4-dihydrotsoquinolone (Pyman, J., 1909, 95, 1272; 1910, 97, 
269), the latter being identified by comparison with an authenticity 
specimen which was presented to us by Dr. H. A. D. Jowett, oy 
behalf of Burroughs Wellcome and Co., to whom we are greatlyimi 
indebted. 

When the methiodide (VII) was reduced with zinc dust and dilute 
sulphuric acid in faintly acid solution, a colourless, crystalline base, 
Cj9H,.0,N,, m. p. 132°, was obtained which showed unexpected 
properties. The base was monoacidic; it formed a crystalline 
monohydrochloride on treatment with an excess of hydrochloric acid, 
and it was converted into a crystalline, non-basic monoacetyl 
derivative by the action of acetic anhydride. As a result of thes 
and other observations, we have concluded that the substance 
CygHs,0.N, is 2-(4’ : 5’-dimethoxy-2’-B-methylaminoethyl) pheny)- 
indole (VIII). The presence of the indole nucleus was confirmed 
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MeO Ay cil MeO NHMe MeO NHMe 
MeO OH, MeO! Noth MeO CH, 
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by the positive colour reactions observed on testing with a pine 
shaving and with p-dimethylaminobenzaldehyde. On treatment 
with nitrous acid, the base, which did not diazotise, yielded a deep 
red solution, from which a colourless, crystalline compound, 
Ci,H,,0,N;, has been isolated. We consider this compound to be 
the 3-oximino-derivative (IX), as it is soluble in sodium hydroxide 
and dissolves in dilute mineral acids with the production of a red 
colour, and this view is confirmed by the fact that the compound 
C,,H,,0,N, does not give the Liebermann nitrosoamine reaction. 
We are at present unable to explain why the nitrous acid attacks 
the indole nucleus in preference to the basic methylamino-group. 
When the methiodide (VII) was reduced with zinc dust and 
hydrochloric acid in strongly acid solution, a different product was 
obtained. This new base was an oil which yielded a crystalline 
dihydrochloride, and its monoacetyl derivative still possessed strongly 
basic properties. The base could be diazotised and showed the 
characteristic reactions of a primary aromatic amine, and there can 
be no doubt that it is 2’-amino-6 : 7-dimethozxy-1-benzyl-2-melhyl- 
tetrahydroisoquinoline (X). A small quantity of an oily base, 
isomeric with (X), has been isolated from the mother-liquor of the 
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iiydrochloride of the base (X). This isomeric base, which gave a 
wstalline dihydrochloride, did not diazotise; it showed no indole 
jour reactions, but it yielded an oily nitrosoamine which gave the 
inoso-reaction. We suggest that this base is 2-(4’ : 5’-dimethoxy- 
b-methylaminoethyl) phenyldihydroindole (X1). 
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either (a) by disnetising it in 2N roan i acid and adding copper 
powder, or (b) by diazotising it in a mixture of methyl alcohol and 
2V-sulphuric acid and heating the solution on the water-bath. The 
ield of 5:6-dimethoxyaporphine was poor (10—15% of the 
heoretical), the chief by-products being the dilaudanosine derivative 
and the phenolic base, the former predominating in method (a) and 
the latter in method (b). 5: 6-Dimethoxyaporphine is a crystal- 
ine base, m. p. 137°, which yields a sparingly soluble crystalline 
hydrochloride and a characteristic methiodide. A number of colour 
reactions are described in the experimental section. 

We have obtained several substituted benzylisoquinoline deriv- 
atives by the action of phosphorus pentachloride on amides analogous 
to(V), and we are using this method in the synthesis of the naturally 
occurring aporphine bases. dl-Bulbocapnine methyl ether has 
already been synthesised, and we hope to publish accounts of 
this and other researches at an early date. 


EXPERIMENTAL. 

o-Nitrophenylacetic acid (10 g.; prepared by a slight modific- 
ation of Reissert’s method, Ber., 1897, 30, 1030, potassium ethoxide 
being used instead of sodium ethoxide) in chloroform (150:c.c.) was 
gently refluxed with thionyl chloride (40 c.c.) for 14 hours. The 
solvent was then removed by careful distillation under 13 mm. 
pressure, the liquid being occasionally warmed for a few minutes 
on the water-bath, with shaking. This procedure is necessary to 
avoid explosive decomposition of the o-nitrophenylacetyl chloride. 
The residual oil was used without further purification. 

2'-Nitrophenylaceto-8-3 : 4-dimethoxyphenylethylamide (V).—o- 
| Nitrophenylacetyl chloride (from 45 g. of acid), dissolved in benzene 
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(150 c.c.), was gradually added, with cooling and shaking, to ». 
veratrylethylamine (45 g.) in benzene (100 c.c.), and the slimy, 
buff-coloured precipitate was decomposed by the gradual addition 
of 10% sodium hydroxide solution. The amide (V), which separate 
from the benzene, was collected, combined with a small second crop, 
obtained by evaporating the benzene layer of the filtrate, ang 
recrystallised from methyl aleohol, giving very pale buff-coloured, 
slender needles (73 g.), m. p. 112° (Found: C, 62-3; H, 59, 
C,3H_,0;N, requires C, 62-8; H, 5-8%). The amide dissolves with 
sulphonation in concentrated sulphuric acid, giving an orang. 
coloured solution which is completely miscible with water. Np 
basic material was isolated after the amide had been heated with 
phosphorus pentoxide or oxychloride in benzene, toluene, or xylene 
for various times; the products invariably consisted of uncha 
amide and a brown, amorphous, non-basic material which could not 
be obtained in the crystalline condition. After a chloroform solution, 
of the amide had been boiled with phosphorus pentachloride fo 
2 hours, a large amount of non-basic tar was isolated together with 
a very small amount of impure basic material. 

2’-Nitro-6 : 7-dimethoaxy-1-benzyl-3 : 4-dihydroisoquinoline (VI) 
The amide (V) (4 g.) was mixed with a solution of phosphors 
pentachloride (5 g.) in chloroform (30 c.c.) and kept for 24 hou 
at room temperature. The solvent was evaporated under reduced 
pressure from the crystalline material which had separated, th 
latter was extracted with boiling water and filtered from traces of 
tar, and the base (VI) was precipitated, by the addition of ammoni: 
to the cooled filtrate, as an amorphous, pink solid which changel 
to a buff-coloured, crystalline solid after remaining in the liqua 
for several hours. The crude base crystallised from methy] alcohdl 
in large, stout, orange, rhombic prisms (3-5 g.), m. p. 132°, which 
developed a deeper colour on heating to 100°, the colour reverting 
to orange on cooling (Found: C, 66:5; H, 5:7. C,,gH,,0,}, 
requires C, 66-3; H,5-5%). The hydrochloride, pale yellow prisms, 
m. p. 228° (decomp.), was obtained by evaporating to dryness the 
_ pale yellow solution of the base in dilute hydrochloric acid and 
recrystallising the residue from absolute alcohol (Found: (, 
9°7. C,gH,,0,N,,HCl requires Cl, 9-8%). The base dissolves in acetic 
anhydride, giving a pale yellow solution, and the absence of a deep 
green coloration indicates that spontaneous oxidation has no 
occurred (Buck, Haworth, and Perkin, loc. cit.). 

2'-Nitro-6 : 7-dimethoxy-1-benzyl-3 : 4-dihydroisoquinoline  —_ méll- 
iodide (VII) may be prepared quantitatively (a) by heating a chlow- 
form solution of the base (VI) and the calculated quantity of methyl 
iodide in a sealed tube at 100° for 4 hours, and (b) more col- 
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yeniently by dissolving the base (VI) in an excess of warm methyl 
iodide, cooling the solution to room temperature, removing the 
excess of methyl iodide after 12 hours, and recrystallising the residue 
from rectified spirit. It forms pale sulphur-yellow needles, m. p. 
908°, which are sparingly soluble in water and absolute alcohol 
(Found: C, 49:0; H, 4-7. C,,H,,0,N,I requires C, 48-7; H, 
45%). When ammonia was added to an aqueous solution of the 
methiodide, a deep red solution was obtained from which an ether- 
soluble, red, amorphous solid was precipitated; this redissolved on 
addition of water. 

Alkaline fission. The methiodide (2 g.) was boiled with 3% 
sodium hydroxide solution (20 c.c.) for } hour, and the product was 
distilled in steam until the distillate was no longer turbid. From 
this, ether extracted o-nitrotoluene, which was reduced to o-tolu- 
idine (acetyl and m-nitrobenzoy] derivatives, m. p. 110° and 150°, 
respectively). The non-volatile residue from the steam distillation 
was evaporated to dryness; from the residual oil, chloroform 
extracted 6: 7-dimethoxy-2-methyl-3 : 4-dihydroisoquinolone, 
which crystallised from benzene in colourless prisms, m. p. 124— 
125° (compare Pyman, loc. cit.), and was identified by comparison 
with an authentic specimen. 

2-(4' : 5'-Dimethoay-2’-8-methylaminoethyl)phenylindole (VIII).— 
A solution of the methiodide (VII) (2 g.) in hot methyl alcohol 
(30 c.c.) was treated with zinc dust (6 g.) and heated on the water- 
bath while 10% sulphuric acid was added gradually. The methyl 
aleohol was allowed to evaporate, and the cooled, filtered solution 
was made alkaline with ammonia and extracted with ether. The 
extract was dried with sodium sulphate, the solvent removed, and 
the crystalline residue recrystallised from a little absolute ethyl 
alcohol. The indole derivative (VIII) separated with solvent of 
crystallisation in colourless, slender prisms (1 g.) which melted at 
85°, resolidified, and remelted at 132° (Found: loss at 90°, 12-7. 
Ci9H..0,No,C,H;-OH requires loss, 12:8%. Found in material 
dried at 90°: C, 73-5; H, 7-4. C,gH,.O,N, requires C, 73-5; 
H, 7:3°%). This substance does not give the carbylamine reaction, 
but it shows characteristic indole reactions, e.g., a violet coloration 
in the pine shaving test and a deep pink coloration in dilute hydro- 
chloric acid on treatment with p-dimethylaminobenzaldehyde 
hydrochloride. The hydrochloride separated from a concentrated 
solution of the base (VIII) in ethyl-alecoholic hydrogen chloride in 
colourless, slender needles, which retained alcohol of crystallisation, 
melted at about 105°, resolidified, and remelted at a higher but some- 
what indefinite temperature (Found in air-dried material: loss at 
100°, 9:5; Cl, 9-0. CygH,.0,N,,HCI,C,H;*OH requires loss, 11-7; 
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Cl, 90%. Found in material dried at 100°: C, 65-6; H, 67 
CigHo20.N>,HCl requires C, 65-8; H, 6-6%). il 
derivative separated as a white solid when an excess of acetj 
anhydride was allowed to react with a benzene solution of the base 
(VIII) for 3 days at room temperature. The mixture was shaken 
with ammonia, the solid collected, and a further quantity obtaine| 


by concentration of the benzene layer of the filtrate. The acety| 
derivative crystallised from methyl alcohol, in which it was moder. 
ately easily soluble, in small prisms, m. p. 138° (Found: (, 714; 
H, 68. C,,H,,0;N, requires C, 71-6; H, 68%). It is quite 
devoid of basic properties and resists hydrolysis by dilute aqueous 
acids and alkalis. 
2-(4' : 5’-Dimethoaxy-2'-8-methylaminoethyl) phenyl -3 -oximinoindole 
(IX).—When the base (VIII) was dissolved in dilute hydrochloric 
acid and treated with sodium nitrite, a deep blood-red solution was 
obtained, the colour of which was not destroyed by boiling. The 
solution contained no diazonium salt, since no azo-dye was precipit- 
ated on adding it to an alkaline solution of ®-naphthol. Before the 
nature of the base (VIII) was established, an attempt was made to 
bring about the Pschorr reaction, and the oximino-derivative (IX) 
was isolated from the experiment. The hydrochloride (0-2 g,) of 
the base (VIII), dissolved in 2N-sulphuric acid (5 c.c.) and methyl 
alcohol (5 c.c.), was diazotised below 0° by the gradual addition of 
the calculated quantity of N/20-sodium nitrite (freshly standari. 
ised); water (10 c.c.) was added, the solution warmed on the water. 
bath for 30—40 minutes, cooled, made alkaline with sodiun 
hydroxide, and the slight precipitate extracted twice with ether. 
The extract was washed with water and dried with potassium 
carbonate, and the solvent removed; the residual yellow gun 
deposited colourless needles, m. p. 177—178°, after rubbing with 
warm ethyl alcohol. A much larger quantity of the oximino- 
derivative (IX) was obtained by adding solid ammonium chloride 
to the sodium hydroxide solution, and extracting the colourless solid 
precipitate with much ether. The extract, which showed a magnif- 
cent blue fluorescence, was dried with potassium carbonate, and 
concentrated until the solution was filled with a mass of colourless 
needles, m. p. 178° (Found: C, 67-0; H, 6-5. C,gH,,0,N, requires 
C, 67-2; H, 62%). The oximino-compound (IX) is sparingly 
soluble in ether or ethyl alcohol. It dissolves in dilute hydrochloric 
acid to a strawberry-coloured solution, and slowly in sodium 
hydroxide, giving a pale yellow solution, from which it is precipit 
ated by the addition of ammonium chloride. With phenol and con- 
centrated sulphuric acid a yellow coloration was observed, but the 
characteristic nitroso-reaction was absent. 


inten: 
by th 
ether 
separ 
in a | 
aleoh 
C, 7) 
acety 
acid 
addi 
2. 
(XI) 
alco! 
chlo 
alco 
soft 
dar] 
Oyo 
libe 
solv 
sha 
sod 
acic 
alk 
eth 
Lie 
nec 
mi: 


ON THE APORPHINE ALKALOIDS. PART I. 589 


9'-Amino -6 : 7- dimethoxy -1- benzyl -2- methyltetrahydroisoquinoline 


ther, the extract dried with sodium sulphate, and the solvent 
rmoved. The base (X) remained as an oil which could not be 
aystallised. The dihydrochloride was prepared by treating the 
base with alcoholic hydrogen chloride; it was readily soluble in 
yater, but very sparingly soluble in absolute alcohol, from which it 
separated in small, colourless prisms, m. p. 243—244° (decomp.) 


voinds: (Found: C, 59-3; H, 6-7. C,gH,,0,N,,2HCl requires C, 59-2; 
chore H, 67%). A solution of the dihydrochloride, when diazotised, 
ion was formed a pale orange-coloured solution, which deposited a crimson 


azo-dye on being poured into an alkaline solution of §-naphthol; 
the dye dissolved in concentrated sulphuric acid, producing an 
intense magenta solution. The monoacetyl derivative was prepared 
by the action of the calculated amount of acetic anhydride on an 
ethereal solution of the base (X). After 2 hours, the acetate which 
separated was decomposed with ammonia, and the ether removed 
in a current of air; the acetyl derivative crystallised from methyl 
alcohol in splendid, colourless prisms, m. p. 153—154° (Found : 
(, 71:1; H, 7-5. C,,H,,0,N, requires C, 71:1; H, 7:5%). This 
acetyl derivative is basic; it dissolves in cold dilute hydrochloric 
acid to a colourless solution, from which it is precipitated by the 
addition of alkali. 

2-(4' : 5'- Dimethoxy - 2’ - B - methylaminoethyl) phenyldihydroindole 
(XI)—The dihydrochloride of this base gradually separated from the 


a alcoholic hydrogen chloride mother-liquor from which the dihydro- 
ino. @ chloride of the base (X) had crystallised. It separated from ethyl 
ride @ alcohol, in which it was readily soluble, in colourless prisms which 
olid ® softened slightly at 180° and melted with evolution of gas but no 
nif. @ darkening at 186° (Found in materia! dried at 100°: C, 59-2; H, 6-8. 
and ® ©yH.,O.N,,2HCl requires C, 59:2; H, 6-7%). The base was 
les liberated as an oil by the addition of sodium hydroxide to an aqueous 
ies | Solution of the hydrochloride. It gave no coloration with a pine 
gly Shaving or with p-dimethylaminobenzaldehyde. The addition of 
rc | sodium nitrite to a solution of the dihydrochloride in dilute sulphuric 


acid produced a pale yellow solution which did not couple with 
alkaline 8-naphthol. From the solution, basified with ammonia, 
ether extracted a nitrosoamine, a light brown oil which gave the 
Liebermann nitroso-reaction. The nitroso-group is probably con- 
nected to the methylamino-group, as we were unable to isolate a 
migration product by the action of alcoholic hydrogen chloride. 
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5 : 6-Dimethoxyaporphine (XII)—(a) A mechanically stirring t2¢ 
solution of the base (X) (from 7-5 g. of dihydrochloride) in 2N. iodide ; 
sulphuric acid (30 c.c.) was mixed with ice (60 g.) and diazotised by residue 
the calculated amount of 2N-sodium nitrite (freshly standardised), pero 
Copper powder (3 g.) was added to the orange-coloured solution, §™- P. = 
nitrogen was evolved, and after 6 hours the filtered mixture was § 4 °°? 
reduced with zinc dust (3 g.) and concentrated hydrochloric acid 
(10 c.c.), and again filtered. The filtrate was made alkaline with § 0"° 
ammonia, and thoroughly extracted with ether. Objectionable §o! *° 
emulsions, which often made filtration necessary, were produced at § the © 
this stage, since large quantities of the dilaudanosine derivative § Tux 
separated as a brown amorphous powder. The ethereal extract was 
washed with sodium hydroxide to remove a small amount of 
phenolic base, dried with sodium sulphate, and concentrated, and 
the brown, oily residue mixed with 50% hydrochloric acid (30 c.c,). 
After 12 hours, the hydrochloride of 5 : 6-dimethoxyaporphine (XII) | 
was collected, washed with 50% hydrochloric acid, and recrystallised | 
from hot water (yield 0-7 g.). 

(b) The dihydrochloride (8 g.) of the base (X) in 2N-sulphuric § 1X 1° 
acid (40 c.c.) and methyl alcohol (40 ¢.c.) was cooled below 0° and § tet 
treated with the calculated ammount of 2N-sodium nitrite. The § 55: / 
orange-coloured solution was heated on the water-batli for } hour, § S°d@ 
reduced with zinc (4 g.) and concentrated hydrochloric acid (12 c.c.), | fins 
and filtered, and the pale yellow solution was made alkaline with § Ut ¢ 
ammonia and extracted with ether. No dilaudanosine derivative | ™¢c! 
was precipitated, but a large amount of phenolic base was removed CH. 
by washing the ethereal extract with sodium hydroxide. The , 
ether was dried with sodium sulphate and evaporated, 50% hydro- 
chloric acid (30 c.c.) was added to the residual brown oil, and the and 
hydrochloride (1-2 g.) was isolated as described above in method — °%®! 
(a). 5:6-Dimethoxyaporphine (X11) was precipitated by the addition § V4" 
of sodium hydroxide to an aqueous solution of the hydrochloride. | °4" 
The oil, which rapidly hardened, was extracted with ether, the extract ( 
dried with sodium sulphate, and the solvent removed until 5: 6- 
dimethoxyaporphine began to separate in colourless, large, stout, 
rhombic prisms, m. p. 136—137° (Found: ©, 77:1; H, Tl. “a 
C,,H,,0,N requires C, 77-3; H,7-2%). The base gives a colourless 
solution in concentrated sulphuric acid, a pinkish-purple coloration 


with Erdmann’s reagent, a deep bluish-purple with Frohde’s reagent, bid 
and a green coloration, which rapidly turns brown, with Mandelin’s § .. f 
reagent. The hydrochloride is sparingly soluble in water, from which oo 


it separates in colourless, small prisms, m. p. 258° (decomp.) iad 
(Found: ©, 68:8; H, 6-6; Cl, 10-7. C,,H,,0,N,HCI requires (, ‘ 
68-8; H, 6-6; Cl, 10°7%). The methiodide was prepared by reflux- 
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Stirred ing the base (XII) for a few minutes with an excess of methyl 
in QV. Miodide ; the excess of methyl iodide was removed, and the solid 
ised by rsidue recrystallised from absolute alcohol, from which the 
methiodide separated in magnificent, colourless, hexagonal plates, 


dised), 

o nm. p. 223° (Found : C, 55-0; H, 5-5. CygH,,O,NI requires C, 54-9; 
re Was FH, 5°5%). 

C acid ; ; 
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(XII) LXXVIII.—The Acetoacetic Ester Condensation. 
Tiaed By Mervin CLARENCE FRANKLIN and WALLACE FRANK SHORT. 


In 1922 the whole question of the mechanism of the acetoacetic 
ester condensation was reopened by Scheibler and Ziegner (Ber., 
The § 55, 789), who stated that the product of the action of sodium or of 
sodamide upon ethyl acetate (subsequently referred to as the 


10ur, 
¢.c,), | | final product ” in the present paper) is not ethyl sodioacetoacetate 
with § but a derivative of orthoacetoacetic acid of the structure (I). The 
tive | mechanism of the reaction was considered to be as follows : 


ved F OH-CO,Et S888 CH, C(ONa)-ORt SCs 
CH,-CO-CH,-C(ONa)(OEt), (I) 


the | and the ortho-ester structure was assigned to the final product 
hod § essentially as a result of the observation that it is decomposed by 
water with formation of keten acetal in 16°% yield according to the 
ide, & equation 

act CH,*CO-CH,-C(ONa)(OEt), —> CH,*CO,Na + CH,:C(OEt),. 


i Scheibler and Friese (Annalen, 1925, 445, 143) found that the 
.], | final product” reacts with benzaldehyde to produce cinnamic 
agg § CSter, whereas ethyl sodioacetoacetate is without action upon 
on § Penzaldehyde under the same experimental conditions. Since 
At, cinnamic ester is produced by the interaction of sodium, ethyl 
vg § acetate, and benzaldehyde (Claisen’s cinnamic ester synthesis), the 
sh | | Anal product ” was stated to be a kind of molecular complex in 


which the ester enolate fragment, CH,:C(ONa)-OEt, has a certain 


: independence. 
The structure (I) has been criticised by Adickes (Ber., 1926, 59, 
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2522) on the ground that such a substance would readily deconipos 
into ethyl sodioacetoacetate and alcohol and moreover that the 
formation of such an additive compound of sodium ethoxide and 
acetoacetic ester would be an exception to the regularities which he 
had established between the structure of esters and their ability to 
form addition compounds with sodium ethoxide (Ber., 1925, 58 
1992; 1926, 59, 2522; 1927, 60, 272). 

The mechanism of the reaction advanced by Scheibler also 
appears to be incapable of explaining the fact that only esters con. 
taining two a-hydrogen atoms undergo the acetoacetic ester con. 
densation smoothly. Scheibler and Friese (loc. cit., p. 149) assert 
that isobutyric ester undergoes slow and incomplete “ self con. 
densation ” in the presence of sodium ethoxide, as may be recognised 
by the formation of the keten acetal when the product is decom. 
posed with water, but state that the product “ cannot yield a 


compound analogous to ethyl sodioacetoacetate by further loss of | 


alcohol.” This explanation appears to be inadequate, because there 
seems to be no reason why CHMe,°CO-CMe,°C(ONa)(OEt), should be 
incapable of hydrolysis in presence of acids to CHMe,*CO-CMe,°CO,Et 
in the same way that (I) passes into acetoacetic ester. Moreover, 
the experiments of Dieckmann (Ber., 1900, 33, 2670) on the rever. 
sibility of the acetoacetic ester condensation are difficult to reconcile 
with the new mechanism. 

We have prepared the “ final product ” of the acetoacetic ester 
condensation by the action both of sodium and of sodamide upon 
highly purified ethyl acetate, and have condensed it with a variety 
of alkyl and acyl halides. By using sodamide, Scheibler and 
Ziegner (loc. cit.) obtained the “ final product ” in 94% yield and 
stated that it is less contaminated with impurities than the product 
obtained by the action of sodium. The largest yield obtained by 
us by repeating this preparation under the prescribed condition was 
approximately 60% and the product contained both sodium 
acetate and sodium acetamide (40—50%), as was shown by analysis 
and by an examination of the products formed on condensation 
with benzyl chloride, etc. Titherley (J., 1902, 81, 1520) found that 
much sodium acetate and sodium acetamide are produced by the 
action of sodamide upon ethyl acetate and Freund and Speyer (Ber. 
1902, 35, 2321) obtained a very small yield of acetoacetic ester 
(16%, calculated on the ethyl acetate, or 8-4%, calculated on the 
sodamide) by this method of preparation. The sodium acetate is 
probably produced by the saponification of ethyl acetate by sodium 
ethoxide (compare Geuther, Jahresber., 1868, 513) produced i 
secondary reactions (compare Oppenheim and Precht, Ber., 187, 
9, 320; Scheibler, Ziegner, and Peffer, Ber., 1922, 55, 3921). 
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If the “ final product ” has the structure (I), it is to be anticipated 
that its condensation with alkyl halides would result in the form- 
ation of an ortho-ester, whereas if it is a molecular compound (II) in 
vhich the fragment CH,:C(OEt)-ONa has a sufficient independence, 
(-substitution should occur and ethyl acetate should be liberated 
(ompare Scheibler, Marhenkel, and Bassanoff, Ber., 1925, 58, 


1198) : 


| CH,:C(OEt)-ONa | 


R:CH,°CO,Et 
(II.) - - + RC] —> + , 
| CH,CO,Et | CH,-CO,Et 

Frankland and Duppa (Phil. T'rans., 1866, 156, 37) condensed 
the “ final product ” with various alkyl halides, but unfortunately 
added water before distillation of the product, so that the mono- 
and di-alkylacetic esters which they obtained might have been 
formed by the “acid fission” of the corresponding acetoacetic 
esters. Seseman (Ber., 1873, 6, 1086), however, obtained mono- 
f and di-benzylacetic acids by saponification of the substance pro- 
duced by the condensation of the “ final product” with benzyl 
chloride and assumed that mono- and di-benzylacetic esters were 
formed in the primary reaction. We find that neither of these 
esters is present and that the product contains benzyl- and dibenzyl- 
acetoacetic esters together with benzyl acetate and that aceto- 
benzylamide * is formed in addition when sodamide is used instead 
of sodium for the preparation of the “ final product.” In no case 
have we detected the formation of either ortho-esters or C-sub- 
stituted acetic esters when the “ final product ” is condensed with 
alkyl or acyl halides (butyl iodide and benzoyl chloride in addition 
to those mentioned in this paper), and the products are substantially 
those which would be formed from a mixture of ethyl sodioaceto- 
acetate with sodium acetate (and sodium acetamide when sodamide 
is used in the preparation). 

When the dry “ final product ”’ is heated, it begins to decompose 
at about 130° with distillation of a small quantity of ethyl alcohol, 
ethyl acetate, and a trace of acetone. On the other hand, it reacts 
with ethyl iodide below 100° to form ethyl ethylacetoacetate. The 
results obtained point to the conclusion that “ the final product ” is 
very easily transformed into ethyl sodioacetoacetate even if this 
substance is not already present in it. The formation of keten 
acetal and the ability of the “final product” (unlike ethyl sodio- 
acetoacetate) to condense with benzaldehyde constitute the only 

* The formation of acetobenzylamide (68% yield, calculated on the sodium 
acetamide present) was unexpected, since Titherley (J., 1901, 79, 391) states 
that substituted amides are not formed by the action of alkyl halides on 


sodium acetamide. We are investigating this reaction further. 
x 
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evidence available at present in favour of the structure assigned tj 
it by Scheibler. Since keten acetal is produced in so small a yiei 


and the “final product” is never approximately homogencow, i 


the formation of the acetal may be the result of a secondary reaction, 
We have not made investigations in this region because Scheible ff 
(Annalen, 1925, 445, 150, footnote) is investigating the kete Mf 
acetals. We find that ethyl sodioacetoacetate reacts with bem. 
aldehyde with considerable violence, and this reaction will be 
discussed in a subsequent communication. 


EXPERIMENTAL. 


The ethyl acetate employed was purified first by Roberts’s modi. 
fication (J. Soc. Chem. Ind., 1924, 43, 2961) of Wade’s method (J, 
1905, 87, 1656) and finally by digestion with phosphorus pentoxide 
(Perkin, J., 1884, 45, 491; Inglis and Knight, P., 1907, 23, 198), 
It boiled at 76-7—77-2°/760 mm. The ether employed in the 
preparation of the “ final product ” was carefully freed from alcohol 
and moisture, and all the reagents were dried before use. Pr. 
cautions were taken in all the experiments to prevent the absorption 
of moisture. 

Preparation of the “ Final Product” from Sodamide.—The pre. 
scriptions of Scheibler and Ziegner (Ber., 1922, 55, 801) wer 
followed exactly and 65 g. and 73 g. of the dry product were obtained 
from portions of 150 g. of ethyl acetate. Small portions of the 
product were extracted with ether (in an atmosphere of dry hydrogen) 
to remove traces of acetamide, and the residue was freed from ether 
at 40° in a vacuum [Found: Na, 22-7, 21-5; N, 41-4, 31-4 in the 
respective preparations. Cale. for CH,*CO-CH,°C(ONa)(OEt),: 
Na, 11:6%. Cale. for CH,*C(ONa):CH-CO,Et: Na, 15-1%]. 

Action of Heat upon the “ Final Product” obtained by the Action 
of Sodiwm.—When the dry “ final product ” (100 g.) was heated, a 
liquid began to distil at about 130° and the residue became dark 
brown. The decomposition appeared to be complete at about 1%! 
and the distillate (20 g.) on fractionation yielded ethyl acetate, 
alcohol, and a trace of acetone. It did not immediately decoloris 
dilute alkaline permanganate, so that keten acetal was probably 
absent (compare Scheibler and Ziegner, loc. cit.). 

Condensation of Benzyl Chloride with the ‘‘ Final Product” pre 
pared from Sodium.—The “ final product ” (67 g.) was heated at 
200° with benzyl chloride (150 g.: 77-5 g. in excess of the amount 
equivalent to the sodium present) until the mixture was no longer 
alkaline (7-5 hours). Sodium chloride was removed from the dark 
red liquid and was washed with purified ether, the washings being 
added to the red liquid. The ether was removed on the water-bath 
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und the residue yielded the following initial fractions when distilled 
t15mm.: (1) 70—90° (60 g.), (2) 90—100° (14 g.), (3) 100—120° 
20 g.), (4) 120—127° (12 g., partly solid), (5) 127—190° (29-5 g., 
mostly solid), (6) 190—197° (13 g.), (7) 197—240° (7 g.), (8) residue 
2-8 g., mainly sodium chloride). Systematic refractionation and 
purification yielded benzyl chloride, benzyl acetate (21 g. Equiv. 


. by saponification, 147-9. Calc., 150), acetamide, acetobenzyl- 


amide (m. p. 60—60-5°; identified by conversion into benzylamine 
hydrochloride, m. p. 248°), and a«-dibenzylacetoacetic ester (0:8 g. ; 
identified by conversion into dibenzylacetic acid, m. p. 89-5—90°). 
No «-benzylacetoacetic ester was isolated and none of the fractions 
gave a coloration with ferric chloride solution. 

Condensations with the “ Final Product’ prepared from Sodium.— 
(l) With ethyl iodide. Ethyl iodide (b. p. 71-3—72-3°; 200 g.) 
was heated on the water-bath with the dry “ final product ” (181 g.) 
until the mixture was no longer alkaline (9 hours). The sodium 
iodide was filtered off and extracted with purified ether, the extract 
being added to the filtrate. Systematic fractionation of the product 
yielded ethyl iodide (11 g.), ethyl acetate (19 g.), and ethyl ethyl- 
acetoacetate (96 g.). Sodium iodide and a viscous oil remained in 
the distilling flask, but no diethylacetoacetic ester could be isolated 
from it by extraction with ether and subsequent distillation. 

(2) With benzyl chloride. The “ final product ”’ (135 g.) was con- 
densed with benzyl chloride (177-5 g.: 40 g. in excess of the amount 
equivalent to the sodium present) under the conditions previously 
described and the product was worked up in the same way. The 
initial fractions obtained at 15 mm. were: (1) 78—85° (45-5 g.), 
(2) 85—130° (32 g.), (3) 180—175° (64 g.), (4) 175—220° (12 g.), 
(5) 220—240° (35-5 g.), (6) residue (2—3 g.). Systematic refrac- 
tionation yielded benzyl chloride, benzyl acetate (b. p. 101—105°/ 
lsmm. Equiv. by saponification, 168. Calc., 150. Identified by 
saponification to benzyl alcohol and oxidation to benzoic acid), 
x-benzylacetoacetic ester (b. p. 165-2°/15 mm.), and ««-dibenzyl- 
acetoacetic ester (m. p. 56°). ; 


The authors’ thanks are due to the Chemical Society for the 
loan of a vacuum pump, and one of them (M. C. F.) is indebted to 
the authorities administering the Duffus Lubecki Fund for a scholar- 
ship which enabled him to participate in this investigation. 
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LXXIX.—Lead Subacetate Solution (*‘‘ Goulard’s 
Extract’’) and its Reaction with Phenols. 


By CHARLES STANLEY GriBson and Ernest Marrtuews. 


DuRING experiments on the production of easily isolable lead 
organic compounds with a view to their possible use as therapeutic 
agents, it has been necessary to investigate the precipitates which 
phenols produce with the aqueous solution of lead subacetate know 
in pharmacy as Goulard’s extract. 

This solution is referred to under that name in the 1898 and 1914 


editions of the British Pharmacopeeia, although the method offf¢ 


preparing it, by boiling 250 g. of lead acetate and 175 g. of powdered 
lead oxide with water, filtering the solution from the considerable 
residue, and making up the cooled filtrate to 1 litre, was described 
in all editions of the Pharmacopeia from 1867 to 1898 inclusive, 
In the editions of 1867, 1874, and 1885, a formula was given fo 
the lead subacetate, but no formula was given in the later editions, 
Although the essential properties of the solution appear to be the 
same as formerly, the method of making Goulard’s extract in the 
1914 edition is different from that previously described and is set 
forth in the experimental portion of the present paper. It ha 
now been possible to prove that the composition of the solute is 
Pb(OH),,Pb(O,C°CH;), or Pb(OH)(O,C-CH;), agreeing with the 
formula Pb,O(C,H,O,),. given in the 1885 edition. If, instead of 
taking the above quantities of lead acetate and lead oxide—whih 
are in approximately equivalent proportion—three times the amount 
of lead oxide is taken, the composition of the solute is 
2Pb(OH),,Pb(O,C-CH,),, thus confirming the existence in solution 
of the two definitely established basic acetates of lead. Further, a 
volumetric method of standardisation of Goulard’s extract is show 
to be possible and an improvement on that described in the 
Pharmacopeeia. 

It appears that Medley (Pharm. J., 1926, 149) was the first to 
point out that an aqueous solution of phenol yields a precipitate 
with a solution of lead subacetate but not with a solution of lead 
acetate. Medley stated that the fine white powder was readily 
soluble in alcohol (50%), acetone, benzene, chloroform, ether, and 
dilute acetic acid. He concluded that the precipitate was lead 
phenoxide, (C,H,;*O),Pb, and if this were so, it would be identical 
with the compound prepared by dissolving lead oxide in hot phend 
(Calvert, J., 1865, 18, 69). Further, he found that twelve other 
phenols reacted similarly; in only one case (pyrogallol) was the 
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precipitate insoluble in acetic acid and in the majority of cases the 
wecipitate was soluble in chloroform. 

In the present paper, three typical compounds are described in 
letail, viz., the precipitates produced with phenol, o-nitrophenol, 
and o-bromophenol. Others have been investigated, but not so 
smpletely, since it has been found that, although the precipitates 
4s soon as they are formed and while still in contact with the 
Msolution may be soluble in organic solvents, they cease to be soluble 
to anything like the desired extent after separation, washing, and 
drying at the ordinary temperature. The formation of these pre- 
cipitates is apparently general, but the sparing solubility in water 
of many phenols renders the experimental difficulties somewhat 
greater than might be anticipated. 

The composition of these precipitates appears to be 
Pb(OR),,Pb(OH)(O,C-CH;), where R = an aryl or substituted aryl 
group. These formule have been determined by careful analyses, 
but, unfortunately, molecular-weight determinations have not been 
found practicable. The presence of the acetic acid residue was 
always detected by the usual test. The only previously described 
compounds with which these substances can be compared are the 
sparingly soluble compounds, Pb(OH)(O-C,H,-NO,), prepared by 
Post and Mehrtens (Ber., 1875, 8, 1552) by mixing dilute aqueous 
solutions of lead acetate and the potassium salts of o-, m-, and 
p-nitrophenols. 


EXPERIMENTAL. 


The Solute in Goulard’s Extract——The Liquor Plumbi Subacetatis 
Fortis (Strong Solution of Lead Subacetate—Goulard’s Extract) is 
made (British Pharmacopeeia, 1914, 229) by dissolving 250 g. of 
lead acetate in 750 millilitres * of distilled water, adding 175 g. of 
powdered lead oxide, setting the mixture aside for 48 hours and 
shaking it occasionally; the solution is filtered and sufficient 
distilled water is passed through the filter to produce 1000 millilitres. 
The following are the stated characteristics of the solution: “A 
clear colourless liquid, with a sweet astringent taste; alkaline to 
litmus. Becomes turbid by exposure to the air. Forms an opaque, 


itate 
lead @ White jelly with mucilage of gum acacia. Yields the reactions 
diy § Characteristic of lead and of acetates. Specific gravity 1-275 


When 1 gramme is diluted with 20 millilitres of water and mixed 
with excess of N-solution of oxalic acid, the precipitate collected, 


* 1 Millilitre (ml.) = vol. at 4° of 1 g. of water. The term “ millilitre ”’ 
(without definition) was given in the 1867 edition of the British Pharmacopeia 
in the metrical system of measures of capacity. In the present work, the 
unit of volume employed is the ¢.c., = 0-001 litre at 15°. 
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washed, transferred to a flask, and decomposed with excess , 
diluted sulphuric acid, the mixture thus obtained, heated to 69° 
decolorises not less than 17 millilitres of N/10-solution of potassiuy 
permanganate.” 

The solution made by shaking mechanically for 8 hours leag 
acetate (250 g.), lead oxide (175 g.), and water (750 c.c.), filtering 
the liquid from the very considerable quantity of white precipitate 
and making the filtrate up to 1 litre had a specific gravity of 1.233 
at 13°, and 1 g. of the solution, treated as described above, decolorised 
20-5 c.c. of 0-1N-potassium permanganate. The solution is cop. 
veniently preserved and delivered from an apparatus similar to 
that employed for an aqueous solution of barium hydroxide. Under 
these conditions it keeps almost indefinitely and there is little 
difficulty in obtaining a clear liquid. For most of the present work, 
the solution prepared from the above quantities was made up to 
2 litres with distilled water. 

When the solution was evaporated under reduced pressure at 
the ordinary temperature, a solid product was obtained of 
which the analytical figures approximated to the formu 
Pb(OH),,Pb(O,C-CH,). or Pb(OH)(O,C-CH,), but, from its appear. 
ance, there was considerable doubt as to its purity. The solution 
can be titrated against nitric acid or acetic acid and a fairly good 
end-point obtained, bromcresol-purple being used as indicator, and 
from this a method of standardisation of the solution can be 
developed. By using standard acetic acid and carrying out the 
titration in Nessler tubes, the end-point being determined colori- 
metrically, the following results were obtained with 5-0 c.c. of the 
solution: Pb present as Pb(OH),, by titration, 0-3070 g. Total 
Pb present, determined as PbSO,, 0:-5870 g. Hence Pb present as 
Pb(O,C-CH,),, 0-2800 g. Therefore the molecular proportion of 
lead hydroxide and lead acetate is 1-0: 0-91. 

This result is obviously subject to error due to hydrolysis of the 
lead acetate in solution, which was partly corrected as follows. 
By titrating the solution against a known volume of standard 
acetic acid, the total amount of lead hydroxide in the solution can 
be calculated and, by using the above result, the total weight of 
lead acetate in the neutralised solution can be estimated approxin- 
ately. This weight of lead acetate was then dissolved in a known 
volume of standard acetic acid and titrated back to neutrality 
with a standard aqueous solution of sodium hydroxide. (Any 
error due to hydrolysis of sodium acetate will be small compared 
with that of lead acetate.) From the results so obtained, it is 
possible to calculate the amount of acetic acid necessary to suppress 
the hydrolysis of the lead acetate; and on applying this correction 
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he molecular proportion of lead hydroxide to lead acetate in the 
lution becomes 1 : 1-01. 
Additional confirmation of this result was obtained by the follow- 
ag method. A standard solution of hydrochloric acid (50 c.c.) was 
piled and 6-0 c.c. of the basic lead acetate solution were added, 
ing iollowed by an excess of an aqueous solution of sodium sulphate. 
fo the cooled solution, neutral ethyl alcohol (20 c.c.) was added, 
ind the resulting mixture titrated with standard sodium hydroxide 
lution. The following results were obtained: Pb as Pb(OH)s, 
(3583 g. Total Pb, determined as PbSO,, 0-7042 g. (mean of 
‘ilar tof (-7026, 0-7020, and 0-7080). Hence Pb as Pb(O,C-CHg),, 0-3459 g., 
Underff and the molecular proportion of lead hydroxide to lead acetate is 
10:0-97. Allowing for experimental error, these results strongly 


S little 
t work, indicate the nature of the solute as Pb(OH),,Pb(O,C-CHg).. 
up tof The relative quantities of lead oxide and lead acetate used in 


making the Goulard’s extract are in approximately molecular pro- 
ure at# portion. The residue from which the solution is filtered is an 
ed off apparently homogeneous, white solid, which must contain lead 
rmula § hydroxide and lead acetate in approximately molecular proportion, 
probably as the solid basic acetate of lead of the above composition. 
A solution was made up as described above, lead oxide (52 g.) and 
good f lead acetate (25 g.), i.e., 3 mols. of the former to 1 mol. of the latter 
, and J substance, being used, and the following analytical figures were 
in be J obtained when 5 c.c. of the solution were analysed by the second 
t the} method described above: Pb as Pb(OH),, 0-3004 g. Total Pb, 
olori- § determined as PbSO,, 0-4508 g. Hence Pb as Pb(O,C-CHsg)z, 
f the f 0-1504 g., and the molecular proportion of lead hydroxide to lead 
Total f acetate in the solution is 1-998: 1-000. This indicates the nature 
ntas § of the solute in this solution as being 2Pb(OH),,Pb(O,C-CHs)o. 
n of § The insoluble residue from which the solution was filtered in this 
case was certainly not homogeneous, unchanged lead oxide obviously 
'the being present. 

OWS. Products of the Reaction between ‘‘ Goulard’s Extract ’’ and Phenols. 
lard § —In the first experiments, the precipitate produced on mixing 
can § the extract with an aqueous solution of phenol was immediately 
t of f extracted with benzene or chloroform, and the extract was washed 
im- § with water and dried with anhydrous sodium sulphate. The 
wi f solvent was evaporated, but the substance did not separate until it 
lity | was precipitated with ligroin. After drying in a vacuum desiccator 
iny | over sulphuric acid or phosphorus pentoxide, the substance was 
red found to be insoluble in the original solvent at the ordinary tem- 
18 | perature, and although it was appreciably soluble in the warm 
ss | solvent some decomposition always took place under these con- 
on | ditions. Products were obtained in this way from phenol, the 
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naphthols and nitrophenols, but duplicate analyses carried out on 


several preparations of these showed considerable variation in 9 


composition. 

An apparatus was specially designed in which the reaction could 
be carried out, and the product filtered off and washed, in an 
atmosphere free from carbon dioxide. By its means, the action 
of “ Goulard’s Extract ’’ on numerous phenols and their derivatives, 
e.g., methyl salicylate and 3-nitro-4-hydroxyphenylarsinic acid (U.S, 
Pat. 1607299), has been examined and found to be of general 
application. The following may be regarded as typical : 

Phenol compound. Phenol (6 g.), dissolved in water (150 ¢.c,) 
at 20°, was allowed to react with the solution (40 c.c.). The white 
precipitate was washed with water (200 c.c.) at 20°. (Hot water 
used for washing caused shrinkage and decomposition of the com. 
pound.) The compound is a white micro-crystalline powder which 
begins to melt at about 80° (decomp.) and then chars, leaving a 
deposit of lead and some lead oxide (PbO) (Found: C, 25:4, 25-4, 
24-9; H, 2-0, 1-95, 2-0; Pb, 61-1, 61-8.* C,,H,,0;Pb, requires 
C, 24-85; H, 2-1; Pb, 61-25%). It is suggested that the com. 
position of the compound is best represented by the formula 
Pb(O-C,H;).,Pb(OH)(O,C-CH,). 

The compound dissolves with decomposition in warm aqueous 
sodium hydroxide and is not precipitated when this solution is 
acidified with nitric acid. It is soluble in dilute acetic acid, and 
this solution gives an immediate yellow precipitate with potassium 
chromate. It is sparingly soluble in chloroform and pure olive oil, 
It is also sparingly soluble in benzene, but decomposition of the 
compound takes place when the solution is heated. 

o-Nitrophenol compound. A solution of o-nitrophenol (4 g.) in 
hot water was cooled to 40° and mixed with the Goulard’s extract 
(45 c.c.), and the yellow precipitate was filtered off, washed with 
water (200 c.c.) at 40°, and dried in a vacuum desiccator, being 
obtained as a yellow, crystalline powder. When the dilute aqueous 
solution was allowed to stand, the substance was obtained in thin 
needles, which, however, were not quite pure (Found: C, 223, 
21-5; H, 2-4, 2-0; N, 3-7; Pb, 54-6, 54-3. C,,H,.0,N,Pb, requires 


* The lead in these compounds was conveniently determined as lead 
sulphate. 0-2—0-3 G. was treated with 15 c.c. of concentrated nitric acid 
and 10 c.c. of concentrated sulphuric acid, and the mixture evaporated almost 
to dryness in a beaker. The cooled residue was diluted with 20 c.c. of water 
and 20 ¢.c. of ethyl alcohol and allowed to stand for 12 hours. The lead 
sulphate was weighed in the usual manner. The method was checked by 
using pure lead acetate. 
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(21-9; H, 14; N, 3-7; Pb, 54-05%). It is suggested that the 
ompound should be represented by the formula 
Pb(O-C,H,°NO,),,Pb(OH)(O,C’CH,). 

The compound explodes on heating, leaving a deposit of lead. 
If warmed gently, it changes in colour from yellow to red at 120— 
130°. As in the similar case of mercuric iodide, the reverse 
colour change can be brought about by rubbing. The compound 
dissolves in warm sodium hydroxide solution with decomposition, 
and nitric acid does not give any precipitate with this solution. 
Potassium chromate gives an immediate yellow precipitate with 
the solution in dilute acetic acid. The substance is slightly soluble 
in water, chloroform, and benzene. 

o-Bromophenol compound. This was prepared by mixing a solu- 
tion of o-bromophenol (4 g.) in water (600 c.c.) at 35° with Goulard’s 
extract (40 c.c.). The white precipitate was washed with distilled 
water (200 c.c.) at 35° and dried in a vacuum desiccator over 
sulphuric acid (Found: C, 26-65, 20-3; H, 1:35, 13; Br, 21-9, 
22/1, 21-7, 21:7; * Pb, 49-65, 49-6. C,,H,,0,Br,Pb, requires C, 
20-1; H, 1:4; Br, 19-2; Pb, 496%). It is suggested that the 
compound is best represented by the formula 

Pb(O-C,H,Br),,Pb(OH)(O,C-CH,). 

On being heated, the substance begins to melt at 255° and later 
chars. It is soluble in warm sodium hydroxide solution and decom- 
poses, nitric acid producing no precipitate and sulphuric acid giving 
a precipitate of lead sulphate. The substance is readily soluble in 
dilute acetic acid at the ordinary temperature, and addition of 
potassium chromate to this solution produces an immediate yellow 
precipitate. The substance is slightly soluble in chloroform, ethyl 
alcohol, and pure olive oil. It dissolves slightly in benzene, but 
with obvious decomposition. 


The expense of this investigation is being met out of a grant 
from the Government Grant Committee of the Royal Society, for 
which we express our grateful thanks. 


* In view of the constancy of the results of these bromine determinations 
by Carius’s method made on different specimens, it is difficult to explain 
why they are so much higher than the suggested theoretical value, since it 
is highly probable that all the lead compounds described are of the same 
type. It is, however, significant that the redistilled o-bromophenol had a 
bromine content of 45-7%, but when it was mixed with pure lead acetate the 
apparent bromine content was 47:4%, both determinations being done 
simultaneously and by Carius’s method (theory requires Br, 46-2%). 


Guy’s Hosrrran Mepicat ScHoot, 
(Untversiry or Lonpon), S.E.1. ([Received, January 23rd, 1928.] 
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LXXX.—T he Bromination of m-Methoxycinnamic Acidtt 
By Hersert Davigs and Wittam Davizs. 


BavER and Voczt (J. pr. Chem., 1913, 88, 341) found that m. 
methoxycinnamic acid (I), when treated with one molecular pro. 
portion of bromine in glacial acetic acid, gave a substance, m. p. 
186°, to which they attributed the constitution (II), since on 
oxidation it gave m-methoxybenzoicacid. They did not specify the 
temperature of bromination, but we have found that the bromination 
is effected slowly in acetic acid at the ordinary temperature, and 
that the acid produced, m. p. 189°, is 6-bromo-3-methoxycinnamic 
acid (III), its constitution being established asshown. The 6-position 
of the bromine atom in the bromination product (V) of m-methoxy 
(or m-hydroxy)-benzaldehyde has been proved by Pschorr (Annalen, 
1912, 391, 23). The cinnamic acid (III) prepared from this 6-bromo- 
3-methoxybenzaldehyde melted at 189° and was identical with the 
one mentioned above. 

Bauer and Vogel gave no evidence for the formula (IV) which 
they attributed to the bromination product of ethyl m-methoxy. 
benzylidenemalonate (loc. cit.). After hydrolysis, elimination of 
carbon dioxide, and oxidation, the acid obtained from this product 
is 6-bromo-3-methoxybenzoic acid (VI). It is possible that the 


bromination product of m-methoxybenzylidenemalonic acid also a 
has the bromine in the 6-position, and not in the side chain as and 
Bauer and Vogel state. ne 


By the action of two molecules of bromine upon m-methoxy- B 
cinnamic acid in glacial acetic acid solution, Bauer and Vogel | 


(loc. cit., p. 341) obtained a substance which they regarded as - 
OMe OMe OMe OMe 
(02H s,, (0,H CO,H Br GOLD sen 
aun <— H:CH CBr:CH. 'H:CH (4 

Br (III) (I.) (II.) Br (VIL) § obti 
H, : 

OMe OMe(H) OMe OMe(H) “a 
Br, syn 

oo HO r:C(CO,Et), eT oe 
Br Br Br 77 
(VI.) (V.) (IV.) (VII.) . 


8 : 6-dibromo-3-methoxycinnamic acid (formula as II), because it pu 
could be converted into 6-bromo-3-methoxybenzoic acid. Actually, f ,,; 
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. Acid jwever, the bromination product is a complex mixture, from 
shich, after oxidation, 4(or 2) : 6-dibromo-3-methoxybenzoic acid 

m. p. 203°) can be isolated, identical with the acid produced by 
widation of the 4(or 2) : 6-dibromo-3-methoxybenzaldehyde (VII) 
ibtained from 6-bromo-3-hydroxybenzaldehyde (Hodgson and 
Beard, J., 1925, 127, 877). The second bromine atom entering 
‘B the nucleus may be in position 2 or 4 (compare Hodgson and Beard, 
a J, 1926, 148, who state that the direct chlorination of m-hydroxy- 
benzaldehyde gives chiefly the 2- and not the 6- or the 4-chloro- 
derivative). 

4(or 2) : 6-Dibromo-3-methoxybenzaldehyde was converted into 
{or 2) : 6-dibromo-3-methoxycinnamic acid (VIII), m. p. 234°, and 
this into the corresponding benzoic acid, m. p. 203°, on oxidation. 

Bromination of m-methoxycinnamic acid with one molecular 
proportion of bromine therefore gives the 6-bromo-derivative in 
large amount, and with two molecular proportions of bromine, two 
bromine atoms, to some extent, enter the nucleus. These reactions 
are abnormal, for bromination of cinnamic acids usually affects the 
hoxy. double bond in the side chain, producing dibromides (Manchot, 
. Annalen, 1912, 387, 257). 


on of 
— EXPERIMENTAL. 
| Pa m-Methoxycinnamic acid (m. p. 117°) is best prepared from the 


corresponding aldehyde by the action of malonic acid in pyridine, 
and not by the Perkin reaction, which even after prolonged treat- 
oxy. ment gives a very poor yield. 

Bromination of m-Methoxycinnamic Acid.—The acid (10 g.) was 
brominated (1 mol. of bromine) in glacial acetic acid (200 c.c.) 
according to the directions of Bauer and Vogel (Joc. cit.). After 
2 days, much practically pure crystalline matter was collected 
0,H and in the following 8 days a further quantity of less pure material 

separated. By crystallisation from benzene, colourless needles 
(4 g.), m. p. 189°, of 6-bromo-3-methoxycinnamic acid (III) were 
I.) obtained (Found: C, 46-8; H, 3:5. C,,H,O,Br requires C, 46-7; 

H,36%). Itis oxidised by permanganate (without the production 
[) of potassium bromide) to give 6-bromo-3-methoxybenzoic acid 

(m. p. 162°) (VI). 6-Bromo-3-methoxycinnamic acid was also 
synthesised from 6-bromo-3-methoxybenzaldehyde (m. p. 76°, 
prepared after Pschorr and also Hodgson and Beard, J., 1925, 127, 
877) by means of malonic acid in pyridine. 

After the brominating liquor had stood for 10 days, it was diluted 
with water, and gave a solid, m. p- 108—140°, from which nothing 
ly pure could be crystallised ; but it undoubtedly contained a cinnamic 

’ f acid dibromide derivative, because, when it was warmed with 
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sodium acetate, bromide was produced together with an oily, 
styrene-like substance. 

Bromination of m-Methoxybenzylidenemalonate.—This substance, 
b. p. 205—208°/17 mm., prepared after Bauer and Vogel, was 
heated on the water-bath with bromine (1 mol.) in 100% acetic acid 
for 3 hours; bromination was then complete. The product obtained 
on pouring the mixture into water was hydrolysed with sodium 
hydroxide, and the acid (m. p. 173—183°, decomp.) obtained on 
acidification was dried and heated at 180° until the evolution of 
carbon dioxide ceased. The product, after crystallisation from 
benzene, melted at 189° before and after admixture with 6-bromo. 
3-methoxycinnamic acid. They were also found identical in other 
respects. 

The Action of Two Molecules of Bromine on m-Methoxycinnamic 
Acid.—m-Methoxycinnamic acid (10 g.) was heated on the water. 
bath with bromine (2 mols.) after Bauer and Vogel, who record no 
temperature; bromination was complete in 8 hours. -The product 
obtained on pouring the mixture into water separated from dilute 
acetic acid (without the application of heat) in colourless crystals, 
m. p. 130—163°. This substance at once reduced permanganate in 
cold acetone, and when it was treated with cold alkali or sodium 
acetate an oil of styrene-like character and a bromide were formed. 
The bromine was evidently partly in the side chain. The acid 
(m. p. 130—163°), after being ozonised in dilute acetic acid solution 
at the ordinary temperature, melted at 157—165° and contained 
Br, 52-8% (Cale. for 3Br, 57-5; for 2Br, 47-3%). The product, on 
oxidation with permanganate, gave a small quantity of 4(or 2) : 6. 
dibromo-3-methoxybenzoic acid, m. p. 203°, which was identified 
by the method of mixed melting point. 

Monobromination of 6-bromo-3-methoxycinnamic acid produced 
the mixed acids, m. p. 157—165°. Bromination therefore takes place 
partly at the double bond in the side chain and partly in the nucleus. 

4(or 2) : 6-Dibromo-3-methoxycinnamic acid (VIII) was synthesised 
for purposes of comparison. 4(or 2) : 6-Dibromo-3-hydroxy- 
benzaldehyde (m. p. 139°) was prepared after Hodgson and Beard 
(loc. cit.), but instead of isolating the monobromo-derivatives of 
3-hydroxybenzaldehyde it was found advantageous to heat the 
aldehyde with one mol. of bromine in chloroform and, when that had 
reacted, to add the second mol. of bromine. Subsequent methyl- 
ation and steam distillation gave 4(or 2) : 6-dibromo-3-methoxy- 
benzaldehyde, m. p. 110° as found by Hodgson and Beard. This 
was converted into the corresponding cinnamic acid exactly as in 
the preparation of 6-bromo-3-methoxycinnamic acid. 4(or 2) :6- 
Dibromo-3-methoxycinnamic acid separates from acetic acid i 
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wlourless prisms, m. p. 234° (Found: equiv., 334:7. C,,H,O,Br, 
requires equiv., 336). It decolorises permanganate in cold acetone 
olution and is oxidised, without the formation of bromide, to give 
{or 2) : 6-dibromo-3-methoxybenzoic acid, m. p. 203°. 


MELBOURNE UNIVERSITY. [Received, November 21st, 1927.] 


LXXXI.—The Alkaline Hydrolysis of w-Bromo- and 
w-Chloro-nitrostyrenes. 


By ArrHUR THURLBY Dany, Aur Howarp, and Wii.1am DavVIEs. 


THERE appears to be in the literature no definite statement that the 
influence of a group may be transmitted through a mixed aliphatic 
aromatic conjugated system, as it undoubtedly is through certain 
conjugated purely aromatic or aliphatic compounds. Some 
evidence of the effect of w-substituents in styrene derivatives is 
available as far as nitration is concerned. Both cinnamic acid and 
w-nitrostyrene (Priebs, Annalen, 1884, 225, 347) give negligible 
quantities of meta- in comparison with ortho-para-substitution 
products, and Fliirscheim (J. pr. Chem., 1902, 66, 19) has shown 
that «w-bromostyrene yields p- and o-nitro-derivatives. These 
instances contrast with the nitration of «-nitro-8-phenylethane 
(Holleman and de Bruyn, Rec. trav. chim., 1900, 19, 79) and of salts 
of $-phenylethylamine (Goss, Hanhart, and Ingold, J., 1927, 250), 
in which about 13% of the m-nitro-derivative is produced. It is 
difficult to believe that a saturated aliphatic chain can transmit the 
effect of a group already present better than an unsaturated con- 
jugated chain. 

The problem of the transmission of the influence of one group in 
a styrene throughout the molecule has been attacked from the 
reverse point of view, namely, by comparing the activating effects 
of the nitro-group in different positions in the nucleus on the 
w-halogen atom in the trans-o-, m-, and p-nitro-«w-halogenostyrenes. 

The reaction involved was that of aqueous-alcoholic potassium 
hydroxide and the halogenonitrostyrenes at different temperatures, 
the amounts of potassium bromide (or chloride) produced when the 
isomerides were subjected to identical and simultaneous treatment 
being compared. Probably some other reaction than the two 
already mentioned occurs, as the w-halogeno-p-nitrostyrenes give 
an intense red colour with alcoholic potassium hydroxide in the cold. 

Nef (Annalen, 1899, 308, 268) has shown that the action at 
130—135° of alcoholic potassium hydroxide on «-bromostyrene is 
to give phenylacetylene and §-ethoxy-«-phenylethylene. These 
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reactions, although quite distinct, are both due to the mobility of 
the bromine atom. 

In the higher-melting bromonitrostyrenes (which have been called 
the trans-forms), the reactivity of the bromine atom is in the order 
ortho>para>meta. The order for the chloro-analogues is similar 
being para>ortho>meta. It is thus seen that the nitro-group 
has a greater effect when it is in the ortho- or para-position than 
when it is in the meta-position, and it follows that its effect js 
transmitted through the side chain in apparently the same way as 
it is through the benzene nucleus. Otherwise it is difficult to explain 
why the nitro-group should have a greater activating influence in 
the para-position than in the meta-position, in which (if the usual 
formule for benzene are adopted) it is nearer the halogen atom. 

This research, however, has brought to light two unexpected 
facts which must be taken into consideration. The first is that the 
cis- and trans-w-bromo-p-nitrostyrenes have a difference of activity 
of the order of that separating the trans-m- and trans-p-compounds, 
The unsubstituted cis- and trans-w-bromostyrenes also present 
marked differences in activity. Now since w-bromo-p-nitrostyrene 
is only about 1-25 times as much attacked by the alkali as the 
m-nitro-isomeride (when a total conversion of between 3 and 4% 
has been brought about; see Table I), it is possible that the great 

difference in activity of the geometrical isomerides of the same 
substance may, if the cis- changes into the trans-form during the 
reaction, prevent the results obtained being true criteria of the 
effects of the differently situated nitro-groups. Although possible, 
this is not probable because the unsubstituted cis- and the cis-p. 
nitro-w-bromostyrenes, which are more reactive than the trans-forms, 
only show a tendency to change into the geometrical antimerides 
in bright light. 

cis-w-Chloro-m-nitrostyrene has not been isolated in a pure 
condition, nor its reactivity investigated. trans-w-Chloro-m-nitro- 
styrene is more reactive at low and less reactive at high temper- 
atures than w-chlorostyrene (doubtless a mixture of the cis- and 
trans-forms) (see Table II and the discussion of results). This 
phenomenon may be due to the more reactive, geometrically isomeric 
«-chlorostyrene being produced at high temperatures, whereas the 
trans-m-nitro-derivative may remain in the trans-form. In any 
event, the surprisingly great difference in reactivity of the geometrical 
isomerides of the same substance encourages the seeking of other and 
more cogent evidence of the transmission of group influences through 
a styrene molecule. 

Light has been of great assistance in changing cis-w-bromo-p- 
nitrostyrene into the otherwise less accessible trans-form. 
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EXPERIMENTAL. 


Nitro-w-bromostyrenes.—The three nitrocinnamic acids (these 
ie best obtained, the o- and m-compounds from the nitrobenz- 
idehydes by the Perkin reaction, and the p-compound from ethyl 
jnnamate by nitration and subsequent hydrolysis), when made into 
athin paste with glacial acetic acid and treated at 100° with bromine 
( mol.), were converted within a few hours almost quantitatively * 
into the «®-dibromo-f-nitrophenylpropionic acids. These were 
heated in 30% aqueous sodium acetate (5 mols.) for 4—6 hours and 
the nitro-w-bromostyrenes were then isolated by distillation in 
sam. Each of these was separated -by distillation in a vacuum 
into a high-boiling (which solidified almost completely) and a low- 
boiling form. The latter in ethereal or benzene solution, when 
exposed in a silica vessel to sunlight or the ultra-violet light from a 
1000-watt mercury lamp, was largely converted into the high- 
melting form, which was obtained pure by crystallisation from 
alcohol. When exposed in the solid state to light, these bromo- 
nitrostyrenes acquire a much deeper yellow colour. They all 
have pleasant odours. 

The w-bromo-o-nitrostyrenes (yield, about 20%). The cis-form 
(collected up to 165°/21 mm.) does not solidify at 0°. The trans- 
form boils at 165—167°/21 mm. and separates from alcohol in light 
yellow prisms, m. p. 39° (Reich and Chang, Helv. Chim. Acta, 1920, 
3, 240, record m. p. 70°; which is possibly a misprint for 40°) 
(Found: Br, 35:2. Calc.: Br, 35-1%). 

The w-bromo-m-nitrostyrenes (yield, about 35%). The solid 
form boils at 150°/18 mm. and separates from alcohol in very light 
yellow needles, m. p. 77° (Wollring, Ber., 1914, 47, 110, records 
m. p. 78—79°: Reich and Koehler, Ber., 1913, 46, 3733, give m. p. 
59°). The cis-form suffers only a slight conversion into the high- 
melting form through the action of light. 

The w-bromo-p-nitrostyrenes (yield, more than 50%). The 
mixture melts at 40—60° and mostly consists of the low-melting 
form, contrary to the statement of Reich and Chang (Joc. cit., p. 239) 
that the use of aqueous sodium acetate gives the high-melting form. 
trans-w-Bromo-p-nitrostyrene boils at 182°/21 mm. and separates 
from alcohol or light petroleum in minute, very pale yellow needles, 
m. p. 160° (Reich and Chang, loc. cit., record m. p. 123°), unchanged 
by sublimation in a cathode ray vacuum (Found: Br, 34:8; M, by 
Rast’s method, 224. Calc.: Br, 35-1%; M, 228). 

* The difficulty in brominating these acids reported in the literature 


(Miller, Annalen, 1882, 212, 122; Beilstein’s ‘‘ Handbuch,” 3rd edn., IT, 
p. 1414) was due to the selection of an unsuitable solvent. 
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cis-w-Bromo-p-nitrostyrene, which cannot be obtained pure from 
the mixture described above, is produced unaccompanied by the 


trans-form when «$-dibromo-$-p-nitrophenylpropionic acid is heated | 


with alcoholic instead of aqueous sodium acetate (Reich and Chang, 
loc. cit.). It crystallises from light petroleum (b. p. 40—60°) in thick, 
yellow prisms, m. p. 49°, b. p. 168—170°/21 mm. (Found; Y, by 
Rast’s method, 236). 

The Action of Light on cis-w-Bromo-p-nitrostyrene—A dilute 
benzene solution, 5 mm. deep, of the pure cis-form (m. p. 49°) was 
exposed in a clear silica test-tube to bright sunlight for 4 hours, and 
after removal of the benzene the melting point was 95—140°. 
Similarly, a mixture of the two forms (m. p. 40—60°) in benzene 
solution was converted in bulk into a mixture, m. p. 115—150°, after 
30 hours’ exposure to sunlight. From such a mixture the pure 
trans-form is easily obtained by crystallisation from alcohol. Photo- 
conversion in solutions in glass vessels is also quite rapid, and the 
solid cis-form is unstable to sunlight. When spread in thin layers, 
the pure cis-form has its melting point raised from 49° to 45—70° 
after 2 hours’ exposure to sunlight. It had previously been noted 
that it was impossible to obtain the pure cis-form by crystallisation 
in bright light. 

«-Bromostyrene.—The two forms, m. p. —7° and +7° respectively, 
have been isolated by Dufraisse (Compt. rend., 1920, 171, 960), 
who found that exposure to light changed both forms into a mixture, 
m. p. 2°, containing a large proportion of the higher-melting 
isomeride. Our experiments, probably partly owing to different 
lighting conditions, gave one form, m. p. —5° to —2:-5°, b. p. 
105°/18 mm., and another form, m. p. 2:2°, b. p. 120°/29 mm. 
These mixtures must have contained relatively large amounts of the 
cis- and trans-forms respectively, because the lower-melting form 
remained almost colourless, whereas that melting at 2:2° soon became 
deep yellow and finally brown even in the dark. This behaviour 
is characteristic of the two forms isolated by Dufraisse (loc. cit.). 
The low-melting isomeride is converted into the mixture, m. p. 2-2°, 
by the action of light. This mixture, m. p. 2-2°, and the mixture, 
m. p. —5° to —2-5°, were examined from the point of view of com- 
parative mobility of the bromine atom (see Table I). 

Nitro-w-chlorostyrenes.—Into an ice-cold solution of the nitro- 
cinnamic acid in sodium carbonate a slow stream of carbon dioxide 
is passed, and a cold solution of sodium hypochlorite is gradually 
added, during 8 hours. The product is then steam-distilled, the 
styrene derivative being obtained in the high-melting form without 
a trace of the low-melting isomeride (yield, 5—15%). All these 
chloronitrostyrenes have pleasant odours. 
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«-Chloro-o-nitrostyrene forms very pale yellow needles, m. p. 58° 
(Lipp, Ber., 1884, 17, 1070, records m. p. 58—59°). «-Chloro-m- 
nitrostyrene crystallises from alcohol in short, thick, yellow prisms, 
m. p. 83° (Found : Cl, 19-4. C,H,O,NCl requires Cl, 19-4%), which 
rapidly deepen in colour on exposure to light. «-Chloro-p-nitro- 
styrene crystallises from alcohol, in which it is much less soluble 
than the two preceding isomerides, in very pale yellow, minute 
needles, m. p. 128° (Found: Cl, 19-4%). 

«-Chlorostyrene is best prepared by taking advantage of the 
formation of «$-dichloro-8-phenylpropionyl chloride by the inter- 
action of cinnamic acid and phosphorus pentachloride (Clarke, J., 
1910, 97, 894). The acid chloride was isolated, the acid decomposed 
with sodium acetate, and the styrene fractionated, a colourless oil, 
b. p. 92—93°/22 mm., which slowly became pale yellow, being 
obtained (yield, 60%). 

TABLE I. 
Hydrolysis of the w-Bromostyrenes. 


Experiment. Temp. Time (hours). 


— 
i. II. Til. IV. V. Vi. 

14°, 7. 17—24°, 41—41-3°, 39-3—41: 8°. 40-7—42-0°. 
Bromostyrene. 24. 18. 117-5, 16. 5. 16. 

Percentage conversion. 
ONG Fade sider scelte 99-5 99°5 —_ — _— 
M= 45 de, Se 3°62 46 69 —- — — 
De m. p. “160° woe! (ES 4-45 30°8 48°8 18-7 - 
Unsubs., m, p.2°2°... = 4:37 11-3 12-41 = 13-9 
m. p. —2-5° —_ —_— 15°07 17°9 —_ 18-74 

p- -Nitro-, m. % a —- a a 98°51 98-1 —_ 


Procedure—The bromostyrene (0-001—0-002 g.-mol.) was dis- 
solved in cold alcohol and after the correct temperature had been 
attained, 5-0 c.c. of 7N-potassium hydroxide were added. The pro- 
duct was worked up on a macro-scale as described for the chloro- 
compounds. The amount of alcohol (98-6%) required to dissolve 
0-002 g.-mol. of w-bromo-p-nitrostyrene was about 180 c.c. The 
comparisons were made under identical conditions of concentration 
and temperature, and were carried out simultaneously. The results 
recorded in Table I are discussed after Table IT. 


Tabue II. 
Hydrolysis of the w-Chlorostyrenes. 


Experiment. Temp. Time. 


i 40- 3—41- 3°. II. 41—41- os “Ii. SL’.. .A¥e SL 


Chlorostyrene. 20 hrs. 20 hrs. 125 mins. 125 mins. 
Percentage conversion. 
TED, ce sverceensvere 5°65 5-7 37-95 36-3 
OG osccrnscoscsqse 33-6 34:3 101-4 100-2 
ail le TN 11-7 12-1 23-6 24-2 
Be | eel |) edadebsebiccande 64-9 68-0 100-7 100-5 
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Procedure.—0-001 G.-mol. (01835 g. of the chloronitrostyrene; 
0-1385 g. of w-chlorostyrene) was made up to 100 c.c. in alcohol. 
10 C.c. of this solution were treated with 10 c.c. of alcohol and 10 ¢.c. 
of 2N-potassium hydroxide. The comparison of the four substances 
in each experiment was made at the same time, either in a thermostat 
or at the boiling point (81°). After the reaction had finished, the 
product was washed out by water and a little alcohol into a large 
boiling-tube, nitric acid and silver nitrate were added, and the silver 
chloride was coagulated by heating the mixture nearly to the boiling 
point in a beaker of water. By having the level of the water in the 
beaker above that of the solution in the tube and by keeping the 
temperature below that of boiling water, the sudden disastrous 
evolution of acetaldehyde, generated by the action of nitric acid on 
the alcohol, was prevented. The silver chloride was estimated 
after Pregl. It is advisable, before drying, to wash the filter tube 
with hot alcohol to remove traces of precipitated styrene. This is 
particularly necessary when working with the very sparingly 
soluble «w-chloro-p-nitrostyrene. The alcohol used throughout 
these micro-experiments was methylated spirit, consisting of ethyl 
alcohol (91-6%), water (64%), and methyl alcohol (2%). 

The experiments were carried out in the dark or in diffused day- 
light. The chlorostyrenes are too non-reactive at the ordinary 
temperature for the decomposition to be measurable. Even at the 
ordinary temperature, however, the solution containing the para- 
compound became red on standing. On boiling, the ortho-compound 
gave a very pale yellow solution, but the unsubstituted and the 
m-nitro-chlorostyrene remained colourless. 

Discussion of the Results —From the results in Table I for the 
trans-w-bromostyrenes it is seen that (1) the o-nitro-compound is 
extraordinarily reactive, (2) at the temperatures investigated, the 
p- is more reactive than the m-nitro-compound; the ratios of the 
conversion in experiments (I) and (II), in which only a small per- 
centage conversion was obtained, are respectively 1-26 and 1-23 to 
1, (3) the order of activity of the bromine atom is ortho>para> 
unsubstituted>meta. It must be remembered, however, that the 
unsubstituted bromostyrene (m. p. 2-2°) contained some of the more 
reactive cis-form. 

The cis-p-nitro- is far more reactive than the trans-p-nitro-com- 
pound (see experiments IV and V), and the unsubstituted bromo- 
styrene (m, p. —2-5°), which contains much of the cis-form, is more 
reactive than the mixture, m. p. 2-2°, which is richer in the trans- 
form (experiments IV and VI). 

For the w-chlorostyrenes (Table II) the order of activity of the 
halogen atom is, at about 41°, para>ortho>meta> unsubstituted, 
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and at 81°, (para and ortho)>unsubstituted>meta. An explan- 
ation of the inversion of the order for the m-nitro- and the unsub- 
stituted -chlorostyrene is suggested on p. 606. It is also possible 
that two reactions occur simultaneously between the alkali and the 
nitro- and the unsubstituted styrene. A similar phenomenon is 
noticeable, though to a less extent, in the m- and p-nitro-w-bromo- 
styrenes (see experiments I, IT, and III in Table I), where increase in 
temperature from 17° to 17—24° increases the activity of the p- 
far more than that of the m-isomeride. 


The authors wish to thank Mr. G. W. Leeper, M.Sc., for assistance 
in the initial stages of this work. 
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LXXXII.—Derivatives of y-Xylose. A Study of Xylose- 
monoacetone and its Conversion into 2:3:5- 
Trimethyl y-X ylonolactone. 


By WatreR Norman Haworta and CHARLES RAYMOND PORTER. 


THE lactones related to simple methylated sugars may be prepared 
(a) by direct oxidation of the methylated sugar itself or altern- 
atively (b) by methylation of the lactone derived from the unsub- 
stituted sugar by oxidation. The latter method possesses the 
disadvantage that during conversion of the unmethylated lactone 
into the methylated lactone the former may change its identity by 
the opening of its ring and subsequent closure to give an isomeric 
lactone. Certain 8-lactones pass with remarkable ease under a 
variety of conditions to the more stable y-lactones (unsubstituted). 
It is obvious also that where the methylation of a lactone is accom- 
panied by scission involving the formation of an ester, structural 
considerations rest on a precarious basis if it be assumed that the 
ester, on hydrolysis, necessarily passes to the same structural type 
of lactone as the original unmethylated one. 

The first method of preparing the methylated lactones (method 
a above) is the more satisfactory, and especially so, fortunately, 
for the 8-lactones which are obtained with some difficulty by method 
(b). Since the purity of the lactone is dependent, however, on the 
homogeneity of the methylated sugar, and since there has hitherto 
been no satisfactory standard of purity for the y-sugars, which 
may, and probably do in some cases, contain some of the methylated 
normal sugar, the purity of the lactones prepared by oxidation of 
the y-sugars may be under suspicion. This criticism does not 
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apply to those y-lactones which have been obtained in a crystalline 
condition, and it is thus restricted to the two known cases of the 
liquid trimethyl y-xylonolactone and tetramethyl y-galactono- 
lactone, for which special reservations were made in the provisional 
data given in the earlier communication (Drew, Goodyear, and 
Haworth, J., 1927, 1237). 

The study of the so-called y-sugars (furanoses) is being pursued 
with the object of obtaining in every case structurally, and also 
optically, pure specimens. An obvious procedure to this end is 
to prepare them from homogeneous specimens of y-lactones. In 
the present paper, the isolation of the highly pure trimethyl y-xylono- 
lactone is communicated, the procedure being that of a combination 
of methods (a) and (b). The satisfactory evidence of purity rests 
on the formation of the crystalline phenylhydrazide derivative, 
followed by regeneration therefrom of the lactone. 

The crystalline xylose-monoacetone described by Svanberg 
(Ber., 1923, 56, 863, 2195) gave on methylation with methyl 
sulphate and alkali a dimethyl xylose-monoacetone, [«]},, 
— 46-6°. Hydrolysis of the latter, followed by oxidation of the 
liberated dimethyl xylose, yielded a dimethyl y-xylonolactone 
having [«]#s; + 81-5°, changing slowly in aqueous solution to 
+ 39° after 49 days. The crystalline phenylhydrazide (m. p. 
94—95°) of the corresponding acid was prepared. Further methyl- 
ation of the lactone yielded the trimethyl y-xylonolactone, which 
gave a crystalline phenylhydrazide, m. p. 89—90° (yield 75%). 
This phenylhydrazide was also obtained from the specimen. of 
the trimethyl y-xylonolactone isolated by Haworth and Westgarth 
(J., 1926, 880) by oxidation of trimethyl y-xylose. The consti- 
tution of the latter sugar was given by those authors as a butylene 
oxide (xylofuranose), and that conclusion is verified by the following 
experimental results. From the crystalline phenylhydrazide the 
purified lactone was regenerated and this was submitted to polari- 
metric study and its constitution was also determined by oxidation 
methods. The rate of conversion of the trimethyl y-xylonolactone 
in aqueous solution into the corresponding trimethyl xylonic acid 
and also the reverse change from the acid to the lactone were 
calculated from the rotation figures recorded in the experimental 
section. ‘The percentage of acid present in aqueous solution at 
any given time during the hydrolysis of the lactone is calculated 
from the expression 100(2 — R,)/(Ra — R;) which has previously 
been used (Drew, Goodyear, and Haworth, loc. cit.; compare 
Levene and Simms, J. Biol. Chem., 1925, 65, 46): R is the specific 
rotation of the solution at a given time and R, and R; are the 
specific rotations of the lactone in the form of acid and of the 


Percentage of lactone. 
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lactone respectively. It has been explained in the earlier paper 
(v. supra) that the values determined on this experimental basis 
are probably not strictly accurate, but they are considered suf- 
ficiently exact to be applicable to the present purpose the authors 
have in view, namely, to furnish a preliminary groundwork for the 
study of the conditions influencing the markedly different rates of 
hydrolysis of y- and 8-lactones related to simple sugars. 

In Fig. 1 are given the curves illustrating the percentage lactone 
present at any given time during the conversion of (I) trimethyl 
y-lactone into the acid, and (II) the acid into the lactone. For 
the sake of comparison with the trimethyl 8-xylonolactone the 


Fia. 1. 


Comparative rates of hydrolysis of the isomeric trimethyl xylonolactones and 
the rates of the reverse change of acids into lactones. 
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curves IIT and IV are also included from the previous paper by 
Drew, Goodyear, and Haworth. 

The time period during which the equilibrium y-lactone == 
y-hydroxy-acid is attained must obviously be greater than 900 
hours. As in previous cases the time required for the development 
of 25% of the xylonic acid may be more accurately ascertained, 
and this is seen to be 250 hours instead of the approximation of 
430 hours previously suggested (Drew, Goodyear, and Haworth, 
loc. cit.). This time period is to be contrasted with the correspond- 
ing period for the isomeric 8-lactone, which is 22 hours. Equilibrium 
is attained very rapidly from the side 8-hydroxy-acid to 8-xylono- 
lactone and the steepness of curve IV suggests that the reaction is 
being promoted either by catalysis by the organic acid itself or 
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by the presence of the mineral salt (sodium sulphate) which is 
unavoidable under the experimental method adopted. The latter 
effect is much less marked in curve II. 

Finally, the constitution of the 2:3: 5-trimethyl y-lactone was 
confirmed by its oxidation to d-dimethoxysuccinic acid (VI), which 
was recognised through the crystalline methylamide, m. p. 204— 
205°. The latter was identical with a specimen specially prepared 
for this comparison by Haworth and Jones (J., 1927, 2349) from 
d-tartaric acid. 

Interpretation, of the experimental evidence furnished by these 
results leads definitely to the conclusion that the dimethyl xylono- 
lactone (IV) employed as a source of the trimethy] y-xylonolactone 
(V) was also itself a y-lactone. Inasmuch as the dimethyl lactone 
(IV) originated from a dimethyl xylose, it.follows that the latter 
was a butylene oxide or y-sugar, that is, a xylofuranose (II), 
which was obtained by the hydrolysis of (II). From this it is also 
argued that the non-reducing xylose-monoacetone also contained 
a butylene-oxide ring, formulated as in (I). 


CH ) a CH ) j ( H-OH | 
H—97 H-O—97 OMe HOOH 9 
HO-C-H Me0-C-H | MeO-(-H | 
HO HC HO 
CH,OH CH,OMe CH,OMe 
(I.) "g “ (III.) 
go C0,H 
avy ytoH 4 He - ° | H-C-OMe 
) MeO-C-H ia )MeOGH Me0-0-H 
= — H-C a CO,H 
CH,:OMe CH,OMe (VI) 
fos, bi 
a > CMe 0 He “$>CMes 
(VITI.) & (VIII.) 


0-C-H ms 
CMe H-¢—— H: 
0-CH, 07 Me, 


It must be conceded that no alternative interpretation of the 
structure of xylose-monoacetone (I) is possible in view of these 
experimental results. The oxide ring in this y-sugar derivative 
is stabilised as effectively as in the case of y-methylglucoside. 
Whether the same oxide ring structure applies also to xylose- 
diacetone as shown in (VII) is a case for further argument. Origin- 
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ally we had hoped that the present experiments would yield evidence 
in favour of the formula (VIII), since this presented a unique 
opportunity to investigate the possible existence of 1 : 3 or propylene- 
oxide sugars which are at present unknown, although their existence 
has frequently been postulated. The formula (VIII) represents 
the two acetone residues as connecting cis-hydroxyl groups attached 
to contiguous carbon atoms, a condition which seems to be fulfilled 
in all other authentic structural formule for sugar-acetones. 

On the other hand, if xylose-diacetone exists according to the 
structural scheme (VIII), then the 1 : 3-oxide ring has undergone a 
displacement to the 1 : 4-oxide simultaneously with the removal of 
one acetone residue to form the monoacetone (I). This is indeed 
a possibility, but a careful review of the whole of the evidence leads 
us to the alternative decision in favour of the formulation (VII) 
for xylose-diacetone. 

Inspection of the atom-models arranged either to represent 
(VII) or (VIII) indicates a marked preference for (VII) on the 
grounds of minimum internal strain. One of us has already directed 
attention to the failure of plane formule to represent the spatial 
relationship of groups at the ring-forming carbon atom intermediately 
situated in the chain (Drew and Haworth, J., 1926, 2303). When 
these are correctly represented in xylose-monoacetone and the 
oxygen of the oxide ring is shown to be co-planar with the first 
four carbon atoms of the sugar chain, it is seen (formula IX) that 
the 5th carbon atom of the chain is directed to the left in proximity 
to the hydroxyl at the 3rd carbon atom and this pair of hydroxyl 
groups is favourably placed to receive an acetone residue thus 
(formula X) : 


we oo Mes Boos 
oe ——o.6- O &) 
HO-O-H Q CMe,<— 09 H 
HO-CH,-C:H 0-CH,C-H 


In these circumstances the internal strain is minimised and is 
comparable in magnitude with that associated with the union of 
an acetone group with cis-hydroxyl groups at contiguous carbon 
atoms. 

If the hydroxyl at the third carbon atom had been directed to 
the right instead of to the left, this type of six-ring formation with 
acetone could not have occurred except under exceptional strain. 
Adopting the conventional plane formula for oxide rings in sugars, 
it may be laid down as a suitable rule that where the above type 
of condensation with acetone is favoured the hydroxy] at a carbon 
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within the oxide ring of the sugar must not be on the same side as 
the oxide ring. It is probably for this reason that glucose does 
not condense with acetone while existing as a pyranose, or an 
amylene-oxide form, since inspection of formula (XI) shows that 
the hydroxyl at the fourth carbon is to the right of the formula 
and so also is the oxide ring. 


| + “7 

H-O H-O H-0 | 

Heo Mes ao o> Mes | oe oo Mes 6 

HOCH ° or HOCH 6 HOCH | 

H-C-OH H-0-OH i H: : 

HO HO-CH,-C-H OO, 
CH,-OH REET b Gayo Ms 
(XI.) (XII.) 


The formulation of glucose-diacetone on the plan of Levene, 
Freudenberg, and Karrer as a butylene-oxide sugar derivative or a 
furanose is the only scheme which leads to minimum strain in the 
models (formula XII). There is just as much experimental evidence 
for the formulation (VII) for xylose-diacetone as there is for the 
formulation (XII) of glucose-diacetone. 


EXPERIMENTAL. 

Methylation of Xylose-monoacetone.—Xylose-diacetone (13-43 g.) 
was dissolved in 300 c.c. of 0-2% hydrochloric acid at 17° and the 
hydrolysis was followed by taking polarimetric readings in a 2-dem. 
tube. The rotation was « + 0-56° (after 10 mins.), falling to a 
constant value, « — 1-28° (after 100 mins.). The solution was 
neutralised with barium carbonate, filtered, evaporated at 35° 
and gave xylose-monoacetone (Svanberg, loc. cit.). The substance 
was now methylated with methyl sulphate and sodium hydroxide 
in the usual way, first at 35—45° and finally at 60—70°. The 
product was extracted with chloroform, again methylated, and 
distilled, b. p. 75—78°/0-07 mm. (yield, 10 g.). The dimethyl 
xylose-monoacetone showed [«]}3,, — 46°6°; mi5° 1-4455. 

Dimethyl y-Xylonolactone.—This was prepared by the combined 
hydrolysis and oxidation of dimethyl xylose-monoacetone. The 
latter (5-6 g.) was heated at 85° with 2:7°% hydrobromic acid (65 
c.c.) for an hour. Bromine (6 c.c.) was then gradually admitted 
to the solution, which was kept at 75°. (Bromination of some of 
the liberated acetone occurred.) After 15 hours the solution was 
neutralised with lead carbonate, and treated with silver oxide, 
followed by hydrogen sulphide in the usual way, and the organic 
acid was isolated as the lactone, which distilled at 105—106°/0-08 
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mm. Yield, 3-55 g. of distilled lactone. The dimethyl xylono- 
lactone showed nj} 1-4643; [a]23° + 81-5° (after 3 mins.), 85-1° 
(after 1 day), 83-2° (2 days), 66-9° (7 days), 54-5° (14 days), 44-1° 
(21 days), 39-6° (40 days), 39° (49 days) (Found: C, 47-1; H, 6-9; 
OMe, 32-7. C,H,,0, requires C, 47-7; H, 6-8; OMe, 35-2%). 

Phenylhydrazide. The dimethyl y-xylonolactone and phenyl- 
hydrazine in molecular proportion were mixed in dry ether, the 
solvent was evaporated, the mixture heated during an hour on 
the water-bath and cooled, and the solid product triturated with 
ether and finally recrystallised from benzene. It was obtained as 
rosettes of needles, m. p. 94—95°, soluble in chloroform, less so in 
ether or water, and insoluble in light petroleum (Found: C, 55:1; 
H, 7-1; N, 10-15; OMe, 19-5. C,,;H,,O0;N. requires C, 54-9; 
H, 7:0; N, 9:9; OMe, 21-8%). 

Phenylhydrazide of the Acid corresponding to Trimethyl y-Xylono- 
lactone.—The above dimethyl xylonolactone was twice methylated 
by Purdie’s reagents, and gave a colourless liquid, b. p. 84°/0-1 mm., 
ni)” 1-4472, which was the crude trimethyl! y-xylonolactone (Found : 
C, 50-2; H, 7-4; OMe, 49-0. C,H,,0, requires C, 50-5; H, 7-4; 
OMe, 49:0%). The phenylhydrazide was prepared in a similar 
way to that described above, and gave (75% of the theoretical 
yield) rosettes of needles, m. p. 89—90°, crystallised from benzene. 
The same substance was also prepared from a specimen of the 
trimethyl y-xylonolactone prepared by Haworth and Westgarth 
(loc. cit.) from trimethyl y-xylose, but the yield in this case was 
not so high (Found: C, 56:2; H, 7:3; N, 9-8; OMe, 27-7. 
C14H..0;N, requires C, 56-4; H, 7-4; N, 9:4; OMe, 31-:2%). 

Regeneration of the Purified Trimethyl y-Xylonolactone from the 
above Crystalline Phenylhydrazide—The phenylhydrazide (m. p. 
89—90°) of the acid corresponding to this lactone was hydrolysed 
with a slight excess of N’/10-hydrochloric acid at 90°, the solution 
evaporated at 35° under diminished pressure, and the residue dried. 
The lactone obtained was dissolved in dry ether containing a little 
chloroform, the solution treated with charcoal, and the trimethyl 
xylonolactone distilled, b. p. 82°/0-06 mm.; nj” 1-4464. 

The rate of hydrolysis of the lactone was studied by the polari- 
metric method, aqueous solutions being used. The rate of con- 
version of the free trimethyl xylonic acid into the lactone was 
similarly studied; for this purpose the lactone was hydrolysed by 
the addition of the equivalent amount of sodium hydroxide, and to 
this aqueous solution of the sodium salt the equivalent of dilute 
hydrochloric acid was admitted to liberate the free acid in solution. 
Polarimetric readings were taken immediately and over a period of 
43 days. 
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Conversion of lactone into Conversion of acid into lactone 
acid (c = 1-998). (c = 0-856) (calc. as lactone), 
Time (days). [a] eo (a) [a}r so: [op 
0 +108° -+118° +42-5° +46° 
1 110 120 40 45-5 
2 108 117 40 42-5 
7 98 108 49 52 
9 95-5 104-5 52 55-5 
14 88-5 96 55 58-5 
19 81-5 88-5 58 61-5 
26 75 80 62 66 
29 73 78-5 61:5 66 
33 70 75:5 62 68 
40 67-5 73 62°5 67 
43 67°5 72-5 62-5 68 


Oxidation of Trimethyl y-Xylonolactone.—The above lactone was 
oxidised by heating at 95—100° for 8 hours with nitric acid (d 1-42). 
The cooled solution was diluted with water and evaporated under 
diminished pressure during successive additions of water. This 
treatment was followed by the repeated addition of methyl alcohol 
and evaporation of this solvent. The syrupy residue was esterified 
by digestion with methyl-alcoholic hydrogen chloride (3%), and 
the ester isolated by neutralisation with silver carbonate, filtration, 
evaporation, and extraction with ether. The residue remaining 
after evaporation of the ether was distilled under 0-15 mm. from 
a bath heated at 117—120°. The colourless distillate showed nis 
1-4429, and amounted to rather more than one-fourth of the weight 
of the original lactone. It appeared to be the methyl ester of a 
dibasic methoxy-acid, and was characterised by the following 
experiment. 

The ester was dissolved in dry methyl alcohol, cooled in ice and 
saturated with dry methylamine. After being kept for a day, 
the solution was evaporated in a vacuum and yielded a crystalline 
product which, purified from ethyl acetate, had m. p. 204—205°, 
A mixture of the crystals with an authentic specimen of d-dimeth- 
oxysuccinomethylamide prepared from d-tartaric acid (Haworth 
and Jones, loc. cit.) showed no depression. There can therefore 
be no doubt that the trimethyl y-xylonolactone yielded on oxidation 
as the only product recognisable by these methods, d-dimethoxy- 
succinic acid. 


The authors are indebted to the Chemical Society for a grant 
towards the purchase of the materials used in this research. 


UNIVERSITY oF BrmMINGHAM, 
EDGBASTON. [Received, January 10th, 1928.] 
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LXXXIII.—Polysaccharides. Part I. The Structure 
of Inulin. 


By WALTER NormAN HawortH and ABRAHAM LEARNER. 


EXPERIMENTAL methods which we have found serviceable in the 
elucidation of the structure of the fructose component in sucrose 
have now been applied to the problem of the structure of inulin. 
From the results now communicated, a knowledge has been gained 
of the hydroxyl positions through which the fructose residues are 
linked to each other in inulin. Although this polysaccharide has 
been studied by previous workers and methylated to give trimethyl 
inulin (Irvine and Steele, J., 1920, 417, 1474; Irvine, Steele, and 
Shannon, J., 1922, 121, 1060; Karrer, Helv. Chim. Acta, 1921, 4, 
253) and the polysaccharide has been described as a complex of 
condensed y-fructose residues, yet the characterisation of the tri- 
methyl y-fructose obtained from this source has not hitherto been 
achieved. 

Inulin responded readily to methylation by means of methyl 
sulphate and sodium hydroxide, and, as in the case of sucrose 
(Haworth, J., 1915, 107, 8), one treatment with these reagents 
yielded a product which was completely soluble in methyl iodide ; 
thereafter the methylation was completed by the use of Purdie’s 
reagents. These operations did not lead to the formation of dextro- 
rotatory by-products as described by Irvine and his co-workers 
(loc. cit.), but gave an apparently homogeneous trimethyl inulin 
which separated as a white, amorphous powder. Under the present 
conditions it has not been found possible to avoid the use of con- 
siderable concentrations of alkali in the first methylation process, 
and the results now communicated are subject to the assumption 
that no fundamental change has occurred in the character or mode 
of linking of the polysaccharide due to this treatment with alkali. 
We have been able to detect no apparent change in the nature of 
inulin after subjection to this alkaline treatment. Alkali hydroxide 
compounds of inulin are indeed described (Pfeiffer and Tollens, 
Annalen, 1881, 210, 285; Karrer, Staub, and Walti, Helv. Chim. 
Acta, 1922, 5, 129). 

Hydrolysis of the trimethyl inulin with an aqueous-alcoholic 
solution of oxalic acid yielded a mixture of trimethyl y-fructose 
(trimethyl fructo-furanose) and its ethylfructoside. The homo- 
geneous sugar was obtained from this mixture by further hydrolysis 
in aqueous solution. Contrary to the observations of Irvine and 
his co-workers (loc. cit.), we have found that the trimethyl y-fructose 
yields a crystalline phenylosazone, which is readily obtainable either 
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as a hydrated form (m. p. 80—82°) or in the anhydrous form (m. p. 
137—138°). It was demonstrated that the osazone had retained 
the three methyl groups which were present in the methylated 
sugar, and therefore the positions 1 and 2 in the latter could not 
have been occupied by methyl groups. 

Oxidation of the trimethyl y-fructose with nitric acid gave a 
trimethyl lactol acid (II) which reduced Fehling’s solution, and the 
ethyl ester of this product acquired on further methylation a 
fourth methyl group. This specimen of a tetramethyl lactol ester 
did not reduce Fehling’s solution, and it was clear that the entry 
of the fourth methyl group had protected the reducing position. 
The constitution of this product wa8 elucidated by its conversion 
into a crystalline amide (VI), identical with that isolated by Avery, 
Haworth, and Hirst (J., 1927, 2308) during the analogous trans- 
formation of the tetramethyl y-fructose isolated from methylated 
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Oxidative degradation of the trimethyl lactol acid (II) by means 
of acid permanganate led to the isolation of crystalline d-trimethyl 
y-arabonolactone (III) identical with the specimen previously 
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obtained by oxidation of tetramethyl y-fructose (Avery, Haworth, 
and Hirst) and enantiomorphously related to the specimen pre- 
pared from /-arabonolactone by Haworth and Nicholson (J., 1926, 
1899). It has already been demonstrated that the above d-tri- 
methyl y-arabonolactone yields on further oxidation with nitric 
acid /-dimethoxysuccinic acid (IV), which has been characterised 
through its crystalline methylamide and by comparison of this 
with a specimen prepared from /-tartaric acid. The above lactone 
is thus seen to be d-2:3:5-trimethyl arabonolactone, and this 
product can only arise from a trimethyl fructose having methyl 
groups substituting the corresponding hydroxyl positions in the 
sugar, and having also a butylene oxide ring. The trimethyl 
fructose obtained in the above manner by cleavage of trimethyl 
inulin is thus seen to be 3 : 4 : 6-trimethyl fructose (I), having the 
oxide riug in the 2: 5 positions (i.e., adopting the nomenclature of 
Goodyear and Haworth, J., 1927, 3136, it is 3:4: 6-trimethyl 
fructo-furanose). From these data, we derive the structure for 


trimethyl inulin (V) (p. 620). 


These experimental results receive a reasonable interpretation 
only if it be admitted that the y-fructose residues in inulin are 
mutually linked through the positions 1 and 2. We therefore 
derive the general structural formula (VII) for this polysaccharide. 
The work of Bergmann and Knehe (Annalen, 1926, 449, 302) 
seems to indicate that triacetyl inulin has a molecular weight 
corresponding to a triacetyl difructose anhydride, and the latter 
authors have suggested that inulin may be capable of formulation 
on this simplified basis. If this be the case, the difructose anhydride 
which is said to be the unit of triacetyl inulin will receive from our 
experimental results the formulation (VIII). At this stage we do 
not, however, commit ourselves to the conclusion that inulin is an 
associated difructose anhydride, since the problem of the structure 
of polysaccharides should in our view be capable of solution on 
general principles of valency distribution. Inulin has probably not 
fewer than six of the units shown in formula (VII) (or its obvious 
alternative). Similarly we do not favour the hypothesis that 
cellulose consists of ‘‘associated’’ units of a di- or tri-glucose 
anhydride. That principal and not “residual” valency linkings 
are involved in the union of the component groups of glucose is 
supported by the evidence of X-ray spectrographs of polymeric 
compounds, and these linkings are analogous to those in, e.g., 
cellobiose. One of us has already discussed this wider problem in 
a review of the subject (Ann. Reports, 1927, 24, 81). 
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EXPERIMENTAL. 


Trimethyl Inulin.—Inulin which had been specially purified and 
finely powdered was converted into the soluble compound with 
sodium hydroxide by warming in presence of alkali (compare 
Pfeiffer and Tollens; also Karrer, Staub, and Wailti, loc. cit.), and 
the general procedure adopted for the methylation was similar to 
that already described by one of us (J., 1915, 107, 11; 1921, 119, 
198). 35 G. of inulin being dissolved as described above, there 
were then admitted simultaneously methyl sulphate (20 c.c.) and 
aqueous sodium hydroxide (50 c.c. of 35%). During this operation, 
the solution was vigorously stirred and the temperature, which 
was initially at 30°, was gradually raised to 70° and finally lowered 
to 30°. The same quantities of these reagents were repeatedly 
added under identical conditions until 200 c.c. of methyl sulphate 
and 500 c.c. of the alkali solution had been introduced over a 
period of two days. The whole of the inulin remained in solution 
during the course of these operations and at the end the mixture 
was heated at 100° for 4} hour. The excess of alkali was neutralised 
in presence of ice by addition of dilute sulphuric acid. To this 
volume of the aqueous solution half the volume of methylated spirit 
was added. Sodium sulphate which separated was filtered off and 
the neutral filtrate was evaporated under diminished pressure to 
a syrup, which was repeatedly extracted with chloroform. This 
chloroform solution and the chloroform washings from the sodium 
sulphate residues were combined and dried over magnesium sulphate. 
Distillation of the solvent yielded a pale yellow syrup which was 
completely soluble in methyl iodide. This product was subjected 
to four further methylations with Purdie’s reagents, and was 
isolated as a white, amorphous powder after each methylation. 
The final product (32 g.) was washed with ether and dried at 60° 
ina vacuum. Jt melted at 138—140° to a colourless liquid which 
did not immediately solidify on cooling; on heating to 180° it 
became brown, and it did not appear to suffer much decomposition 
at 210°. The trimethyl inulin was practically insoluble in water 
or ether and showed [«]?)° — 50-2° (c = 1-61) in chloroform; it 
was very soluble in benzene and acetone and moderately easily 
soluble in alcohol and was devoid of action towards Fehling’s 
solution (Found: C, 53:1; H, 7-75; OMe, 43°5. Calc.: C, 52-9; 
H, 7-°9; OMe, 45-6%). In another preparation 32 g. of inulin 
were methylated and yielded 29 g. of trimethyl inulin, m. p. 138— 
140°, [«]i}’ — 49-7° in chloroform (c = 2-43). 

Hydrolysis. The trimethyl inulin was hydrolysed in lots of 
5 g. by digesting it with a solution of 250 c.c. of 70% alcohol con- 
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taining 2-5 g. of oxalic acid. After heating for 10 hours, the solution 
attained a constant rotation and was thereupon neutralised by 
addition of precipitated calcium carbonate. After the mineral 
salts had been removed by filtration, the filtrate was evaporated 
under diminished pressure and the syrupy residue extracted with 
chloroform. The chloroform extract yielded a colourless syrup 
which reduced Fehling’s solution actively, but it was ascertained 
that this syrup was a mixture of a trimethyl fructose and its ethyl- 
fructoside. It was therefore digested for 2 hours at 80° with 
aqueous hydrochloric acid (0-25%). The mineral acid was neutral- 
ised and the solution filtered and evaporated, leaving a residue 
which was dried and then extracted repeatedly with ether. The 
ethereal extracts gave on evaporation a faintly yellow syrup (4-25 g.). 
This distilled as a colourless liquid, b. p. about 115°/0-02 mm., 
having nis" 1-4675; [«]?" + 27-7° in chloroform (¢ = 1-57) (Found : 
0, 48-45; H, 8-1; OMe, 40-2. C,H,,0, requires C, 48-6; H, 8-15; 
OMe, 41-9%). This product was evidently a trimethyl fructose 
and its properties corresponded to those of a y-sugar. It decolorised 
neutral permanganate instantly. 

Phenylosazone. The above trimethyl y-fructose was digested 
with phenylhydrazine in dilute acetic acid. There separated after 
heating for 4 hour at 100° an orange-red, viscid syrup, which, after 
having been washed with water, crystallised immediately from 
aqueous alcohol in a hydrated form in yellow needles, m. p. 80—82°. 
Yield, 84% of the theoretical (Found: C, 60-4; H, 7-4; N, 14:0; 
OMe, 22-2. C,,H,,0,N,,H,O requires C, 60-3; H, 7:2; N, 13-4; 
OMe, 22:2%). This hydrated osazone, when gradually heated 
from 50° to 100° in a high vacuum or when repeatedly crystallised 
from light petroleum containing a little ether, changed into the 
anhydrous form, m. p. 137—138°. From the solvent the osazone 
separated as a bright yellow, gelatinous mass of prisms (Found : 
C, 63-1; H, 7-0; N, 13:9; OMe, 22-6. C,,H,,0,N, requires C, 
63-0; H, 7-0; N, 14:0; OMe, 23-3%). 

Graded Oxidation of the 3:4:6-Trimethyl y-Fructose.—Stage I. 
With nitric acid. This constitution has been ascribed on the basis 
of the following graded oxidations. 

Trimethyl y-fructose (3 g.) was heated with 18 c.c. of nitric 
acid (d 1-42). The reaction became vigorous at 68° and was later 
maintained by heating slowly to 95°. The whole operation occupied 
1} hours. The solution was now cooled, diluted with water, and 
evaporated under diminished pressure during constant additions 
of more water. Finally, the residue was digested with ethyl alcohol, 
and the solvent evaporated. The residue was dissolved in ethyl 
alcohol containing -3% of hydrogen chloride and boiled under 
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reflux for 6} hours. After having been neutralised with silver 
carbonate, the solution was filtered and evaporated under diminished 
pressure. The syrupy residue was dissolved in ether, filtered from 
traces of silver, and gave on evaporation a pale yellow syrup which 
distilled under 0-18 mm. from a bath heated at 132—140°. Yield 
of distillate, 2-3 g. This showed mn} 1-4529; [a}® + 27-1°; 
OMe, 45:7%. The product reduced Fehling’s solution actively 
and was found by subsequent examination to consist essentially 
of the ester of the trimethyl] lactol acid (II). 

This substance was now methylated with Purdie’s reagents and 
gave a mobile liquid which distilled under 0-1 mm. from a bath 
heated at 115—130°. It showed nj}° 1-4453; [«]i + 2° (approx. : 
c = 1-2) in water. Solution of this methylated lactol ester in 
methyl! alcohol and saturation with ammonia at 0° led to the form- 
ation after 2 days of the corresponding amide (VI), colourless 
crystals, m. p. 100—101°, from light petroleum. In admixture 
with a specimen of the amide prepared by Avery, Haworth, and 
Hirst (loc. cit.) from tetramethyl y-fructose there was no depression 
of m. p. (Found: C, 48-2; H, 7-3; N, 5-3. Calc. for C,H, O,N : 
C, 48-2; H, 7-6; N, 5-6%). 

Stage II. With acid permanganate. The ethyl ester of the 
lactol acid, which reduced Fehling’s solution and was isolated as 
above and as the first product of oxidation of the trimethyl y-fructose 
with nitric acid, was now subjected to further oxidation as follows. 

The syrupy ester (1-5 g.) was dissolved in 8-4 c.c. of N-sulphuric 
acid and 8-4 c.c. of water, and the mixture was heated at 85° for 
24 hours in order to hydrolyse the ester. There was then admitted 
a further quantity of N-sulphuric acid (8-4 c.c.) and the cooled 
solution was diluted to a volume of 50 c.c. The latter was then 
titrated slowly with a solution of barium permanganate until 
manganese oxides began to be precipitated. This required 9-6 c.c. 
of the permanganate solution (1800 c.c. = 16 g. oxygen). At this 
stage dilute barium hydroxide solution was admitted until the 
mixture was alkaline. After having been kept over-night, the 
mixture was treated with carbon dioxide, and the solids were 
filtered off and thoroughly washed with water, the washings being 
added to the filtrate. To the latter N-sulphuric acid was added 
in sufficient quantity to liberate the whole of the organic acid, 
which was present as barium salt, and the excess of mineral acid 
was then neutralised. The filtrate remaining from this treatment 
was evaporated under diminished pressure and the organic residue 
was extracted with ether. This appeared to leave a slight residue 
of a manganese salt of an organic acid, which was subsequently 
recovered. The ethereal extract yielded a pale yellow mobile 
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syrup which distilled under 0-12 mm. from a bath heated at 100— 
115°. This colourless distillate crystallised on being nucleated 
with a specimen of d-2:3:5-trimethyl y-arabonolactone which 
had previously been prepared from tetramethyl y-fructose by 
Avery, Haworth, and Hirst (loc. cit.). Yield, 0-4 g. This sub- 
stance, recrystallised from light petroleum, had m. p. 31—32°. 
The identity of this product with d-trimethyl y-arabonolactone was 
confirmed by a mixed melting-point determination and by the 
following analysis (Found: C, 50-4; H, 7-4; OMe, 47-7. Calec.: 
C, 50:5; H, 7-4; OMe, 48-9%). 


The authors have to thank Mr. T. H. Morton, B.Sc., for much 
assistance in the preparation of trimethyl inulin. They wish to 
acknowledge also a grant from the Chemical Society which has 
defrayed part of the cost of this investigation. 


UNIVERSITY OF BIRMINGHAM, 
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LXXXIV.—Some Sulphur Derivatives of Aromatic 
Methyl Ethers. 


By HersBert Henry Hopcson and FrepEerRiIck WILLIAM 
HANDLEY. 


From the nitro-m-chloroanisoles previously studied (J., 1926, 
542), a number of mono- and di-sulphides have been prepared. 
They give characteristic colours with concentrated sulphuric acid, 
oleum, and chlorosulphonic acid, and the monosulphides are readily 
converted into sulphones by treatment with hydrogen peroxide in 
glacial acetic acid solution, 

No trisulphide is formed when sodium trisulphide reacts with 
3-chloro-4- or -6-nitroanisole, the disulphide alone being produced 
in each case (compare Blanksma, Rec. trav. chim., 1901, 20, 144; 
Hodgson and Wilson, J., 1925, 127, 440). 


EXPERIMENTAL. 

2:2’- and 4: 4'-Diamine-5 : 5'-dimethoxydiphenyl Disulphides.— 
The corresponding dinitro-compound (4 g.) is boiled under reflux 
with crystallised sodium sulphide (14 g.) and water (30 c.c.) for 
3 hours and the pale brown, filtered solution is exposed to the air ; 
the base then separates (the yield exceeds 90%). 

2: 2'-Diamino-5 : 5’-dimethoxydiphenyl disulphide crystallises from 
alcohol (charcoal) in pale yellow needles, m. p. 76° (Found : S, 21-2. 

=z 
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C,4H,,0,N.S, requires 8, 20-8%).' Concentrated sulphuric acid, 
oleum (20%), and chlorosulphonic acid give bluish-green color- 


requ 
Red, 


ations in the cold. Ferric chloride imparts a reddish-purple colour ial 


to the solution in alcohol. The diacetyl derivative crystallises from 
dilute acetic acid or alcohol in colourless needles, m. p. 202—203° 
(Found: §, 16-5. C,,H,.0,N,S8, requires 8, 16-3%). The hydro- 
chloride, prepared either by passing hydrogen chloride into an, 
alcoholic solution of the base or by dissolving the latter in warm 
dilute hydrochloric acid (equal parts of concentrated acid and 
water), separates in colourless needles; on treatment with nitrous 
acid, it gives 5-methoxybenzene 2: 1-diazosulphide, which has a 
characteristic odour and crystallises from alcohol in long, colour- 
less needles, m. p. 80° (Found: N, 17:3; S, 19-6. C,;H,ON,S 
requires N, 16-9; S, 19-3%%). 

4: 4'-Diamino-5 : 5'-dimethoxydiphenyl disulphide crystallises from 
alcohol (charcoal) in colourless needles, m. p. 88° (Found: N, 9-4; 
8, 21-1. C,,H,,0,N,8, requires N, 9-1; 8, 20-8%). Concentrated 
sulphuric acid, oleum (20%), and chlorosulphonic acid give blue 
solutions which deepen in colour on warming and become colour- 
less on dilution. Ferric chloride gives a red colour with the alcoholic 


solution. The diacetyl derivative crystallises from dilute acetic |“ 


acid or alcohol in colourless needles, m. p. 136° (Found : 8, 16-6%). 
The hydrochloride is obtained in small, colourless needles and, like 
its isomeride above, tends to form supersaturated solutions with 
hydrochloric acid, from which it crystallises with difficulty; it 
diazotises normally. 

2:2’- and 4:4'-Dinitro-5 : 5'-dimethoxydiphenyl Sulphides.— 
(a) The disulphide (4 g.), dissolved in warm alcohol (50 c.c.) to 


which sodium (0-5 g.) had previously been added, was boiled under |° 


reflux with the corresponding chloronitroanisole (5 g.) for 8 hours. 
The separated sulphide was washed with hot alcohol and, after 
removal of any unchanged chloronitroanisole by steam-distillation, 
crystallised from glacial acetic acid. The yields were 1-8 g. and 
4 g., respectively. (b) By Nietzki and Bothof’s method (Ber., 
1894, 27, 3261) of treating the respective chloronitroanisoles with 
sodium monosulphide in alcoholic solution. The yields were only 
4% and 11%, respectively. 

[In the following descriptions the characteristic colours obtained 
with sulphuric acid, oleum (20%), and chlorosulphonic acid are 
stated in this order after the analysis in sets of three, each set 
referring to cold treatment, subsequent warming, and dilution 
with water. ] 

2 : 2'-Dinitro-5 : 5'-dimethoxydiphenyl sulphide was obtained in 
stout, yellow needles, m. p. 151° (Found: 8, 9-8. C,,H,.0,N,8 
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equires S, 9-5°%%), which are almost insoluble in alcohol or benzene. 
Red, reddish-purple, red; brown, reddish-purple, reddish-purple ; 
brown, green, red. 

4: 4'-Dinitro-5 : 5’-dimethoxydiphenyl sulphide crystallises in 
colourless micro-needles, m. p. 154° (Found: S, 9-8%). Deep 
orange, brown, colourless; black, reddish-purple, reddish-purple ; 
black, purple, purple. 

The Sulphones of the above Compounds.—The sulphide (1 g.), 
dissolved in glacial acetic acid (20 c.c.), was treated with hydrogen 
peroxide (1-5 c.c.; 100 vol.) and heated on the water-bath for 
2 hours. On cooling, part of the sulphone crystallised. Waldron 
and Reid’s method (J. Amer. Chem. Soc., 1923, 45, 2399) proved 
unsatisfactory for the preparation of these substances. 

2 : 2'-Dinitro-5 : 5'-dimethoxydiphenyl sulphone is practically in- 
soluble in alcohol and benzene, but crystallises from glacial acetic 
acid in colourless needles, m. p. 182° (Found : C, 45-5. C,H ,,0,N,8 
requires C, 45-6%). No colour throughout; bright green, violet, 
red; bluish-green, blue-black, violet. 

4: 4'-Dinitro-5 : 5'-dimethoxydiphenylsulphone is similar to the 
above, but less soluble in glacial acetic acid, from which it crystallises 
in colourless micro-needles, m. p. 245—246° (Found: C, 45-4%). 
No colour throughout ; brown, brownish-purple, brown precipitate ; 
orange, chocolate-brown, brown precipitate. 

2- and 4-Nitro-5-methoxyphenylmethylsulphones.—The nitrometh- 
oxy-thioether (Hodgson and Handley, loc. cit.) (1 g.) in glacial 
acetic acid (10 c.c.) was heated with hydrogen peroxide (3 c.c.; 
100 vol.) for 30 mins. On dilution with water, the sulphone 
separated as a white, crystalline powder (yield, 1 g. in both cases). 
2-Nitro-5-methoxyphenylmethylsulphone is slightly soluble in hot 
water, but very soluble in benzene and alcohol, from which it 
crystallises in colourless needles, m. p. 122° (Found: §, 13-7. 
C,H,O;NS requires 8, 13-8%). Pale yellow, pale yellow, colour- 
less; dark brown, red, yellow; lemon-yellow, reddish-brown, 
yellow. 

4-Nitro-5-methoxyphenylmethylsulphone is less soluble than its 
isomeride and crystallises from alcohol in stout prisms, m. p. 130° 
(Found: §S, 135%). No colour throughout; orange, purple, 
yellow; orange, pale yellow, colourless. 

2- and 4-Chloro-5-methoxythioanisoles.—The methoxythioanisidine 
(Hodgson and Handley, Joc. cit.) was converted by the Sandmeyer 
method into the chloro-compound, which was removed by steam 
distillation, and solidified when kept over calcium chloride. 


pS 


2-Chloro-5-methoxythioanisole crystallises from light petroleum in 
stout, colourless needles, m. p. 41° (Found: Cl, 18-7. C,H,OCIS 
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requires Cl, 18-8%). Pink, purple, colourless; bluish-green, green, 
colourless; green, bright blue, colourless. 

4-Chloro-5-methoxythioanisole crystallises from light petroleum in 
long, silky needles, m. p. 36° (Found: Cl, 18-9%). Yellow, purple, 
colourless; yellow, bluish-green, colourless; yellow, green, colour- 
less. 

The Action of Sodium Trisulphide on 3-Chloro-4- and -6-nitro- 
anisoles.—A solution of the chloronitroanisole (6 g.) in alcohol 
(50 c.c.) was mixed with a solution of sodium trisulphide (crystallised 
sodium sulphide, 3-6 g.; sulphur, 0-96 g.; water, 10 c.c.) and boiled 
under reflux for 4 hours. The product, after removal of unchanged 
chloronitroanisole by steam distillation, was crystallised from glacial 
acetic acid, but no trisulphide was detected, the product being the 
almost pure disulphide (yield, 4-1 g. and 5-0 g., respectively). 


The authors desire to thank Messrs. Cole and Wilson, Ltd., and 
the British Dyestuffs Corporation for gifts of chemicals. 
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LXXXV.—The Origin of the Spectrum of the Glow 
of Phosphorus. 


By Harry Jutius Emetfus and RoBert HENRY PURCELL. 


In a recent paper (J., 1927, 788) the authors described the spectrum 
produced by passing a discharge through phosphorus pentoxide 
vapour. It was pointed out that it corresponded in part with the 
ultra-violet band spectrum of the glow of phosphorus, and the 
conclusion was drawn that both spectra had their origin in the 
molecule of an oxide. Dr. R. C, Johnson, to whom we are deeply 
indebted, has since pointed out to us that the measurements recorded 
for the discharge through phosphorus pentoxide correspond below 
3000 A. with the bands of the singly ionised oxygen molecule (John- 
son, Proc. Roy. Soc., 1924, A, 105, 683); at longer wave-lengths our 
measurements, which were made on a Hilger small quartz spectro- 
graph, do not furnish a sufficiently accurate basis for comparison. 
The same spectrum was observed by Stuchtey (Z. wiss. Phot., 1920, 
49, 161) in the thermal decomposition of ozone. From this evidence 
it might be concluded that the ultra-violet light emission from 


glowing phosphorus is due to oxygen, a view of considerable interest 
because of the formation of ozone in the reaction. This idea is based 
on the identity of the spectra, and since the observations on the 
phosphorus glow leave much to be desired both in accuracy and @ 
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completeness, owing to the feebleness of the light source, a careful 
re-examination of the evidence has been made. 

A table for comparing the spectroscopic results was constructed 
from Johnson’s measurements and those relating to the glow of 
phosphorus (Centnerszwer and Petrikaln, Z. physikal. Chem., 1912, 
80, 235; Petrikaln, Z. Physik, 1924, 22,119; Downey and Emeléus, 
J., 1924, 125, 2491; Emeléus and Purcell, loc. cit.). Considering 
first the discharge through phosphorus pentoxide in relation to 
Johnson’s values, the complex band at 3200—3400 A. is not found 
in the oxygen spectrum, but at shorter wave-lengths there is close 
agreement both in the measurements of the main band heads and in 
their intensities. The last point is well illustrated by the original 
plates. The oxygen was probably formed by dissociation of the 
pentoxide. In the glow spectrum none of the bands measured by 
Johnson in the visible region appears, but, on the other hand, the 
intense band at 3200—3400 A. cannot be detected in his plates. At - 
shorter wave-lengths, however, some of the measurements agree 
with Johnson’s, and the general appearance of the two band systems 
is similar. 

The glow spectrum has been produced in other ways which are 
somewhat difficult to reconcile with the view that it is due to oxygen. 
For example, it is observed when phosphorus pentoxide is volatilised 
in the carbon arc or the oxy-hydrogen flame, as well as in the flame 
of phosphorus. The production of ionised oxygen is, however, 
thermochemically possible, since the heat evolved in the reaction 
2P + $0, = P,O; has the remarkably high value of 370 Cal., and 
the ionisation potential of oxygen is ca. 16 volts, which is equivalent 
to 370 Cal. Little is known of the intermediate reactions leading to 
the formation of phosphorus pentoxide, but, assuming that a phos- 
phorus pentoxide molecule can transfer its total reaction energy to 
an oxygen molecule, there is no @ priori reason why the spectrum of 
ionised oxygen should not be observed in the arc and flame, as well 
as in the glow. 

Backstrém (Medd. K. Vetenskapsakad. Nobel-Inst., 1927, 6, No. 16) 
has recently discussed both Stuchtey’s work on the thermal 
decomposition of ozone (loc. cit.), and also the oxidation of phos- 
phorus, in the light of a chain-reaction theory of negative catalysis. 
The luminous oxidation of phosphorus was shown to be accelerated 
by illumination with a quartz mercury lamp (although the possibility 
that this effect was due to ozone formation was not considered). 
This experiment indicated that the oxidation was sensitive to light 
of the same wave-lengths asit.emits, and part of the chemiluminescent 
light was therefore supposed to be absorbed by molecules of phos- 
phorus (which were shown to absorb light below approx. 2 3000 A.), 
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rendering them chemically active, and initiating reaction chains. 
No assumptions as to the origin of the glow spectrum were, however, 
involved. 

Summarising the present position, our opinion is that the origin 
of the spectrum of the glow of phosphorus must be regarded as still 
unsettled, the solution of the problem requiring a more accurate 
and extensive knowledge of the spectra concerned than is yet 
available. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [Received, January 10th, 1928.] 


LXXXVI.—The Introduction of the Triphenylmethyl 
Growp into Phenols. 


By Davip Runciman Boyp and Doueias VERNON NELMAR Harpy. 


BAEYER and VILLIGER (Ber., 1902, 35, 3018) found that phenol and 
anisole, in the presence of acetic and sulphuric acids, condense with 
triphenylcarbinol at the ordinary temperature to give 4-hydroxy- 
and 4-methoxy-tetraphenylmethane respectively. It was after- 
wards shown by Baeyer (Ber., 1909, 42, 2624) that 4-hydroxytetra- 
phenylmethane is also formed on warming the deep brown solution 
which results on dissolving triphenylchloromethane in molten 
phenol, but that the phenyl ether of triphenylcarbinol is obtained 
when triphenylchloromethane reacts with potassium phenoxide in 
the presence of excess of phenol. Gomberg and Kamm (J. Amer. 
Chem. Soc., 1917, 39, 2009) have proved that relatively small 
amounts of hydrogen chloride or of sulphuric acid are sufficient to 
effect the condensation of triphenylcarbinol with phenol, so that the 
action of the acids appears to be catalytic. 

In studying the properties of triphenylmethoxyphosphorus 
dichloride (Boyd and Chignell, J., 1923, 123, 813; Boyd and Smith, 
J., 1924, 125, 1477) we observed some time ago that this compound 
can be used in place of triphenylchloromethane for the preparation 
of 4-hydroxytetraphenyimethane. Further investigation showed, 
however, that the reaction has only a limited application as a means 
of introducing the triphenylmethyl group into phenols. Thus, on 
heating with p-cresol, triphenylmethoxyphosphorus dichloride is 
converted mainly into triphenylmethane, and on heating with 
methyl salicylate it yields derivatives of triphenylmethylphos- 
phorous acid. With methyl salicylate the Baeyer-—Villiger method 
also fails, but we have found that condensation in this case can be 
effected by merely boiling a solution of the carbinol in the ester. 
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Reaction takes place in the complete absence of any catalytic agency 
other than the excess of methyl salicylate : ; 


Ph,C‘OH + C,H,(OH)-CO,Me = Ph,C-C,H,(OH)-CO,Me + H,0. 


Triphenylcarbinol condenses, under the same conditions, with 
phenol, but not with o-cresol, m-cresol, anisole, or o-chlorophenol. 
In the course of our experiments we employed the Baeyer—Villiger 
method, in a modified form, to condense o-cresol with triphenyl- 
carbinol. The product of the reaction was identical with a substance 
previously obtained by Schorigin (Ber., 1926, 59, 2502) by heating 
triphenylchloromethane with a mixture of o-cresol and sodium 
o-tolyloxide. On grounds which appear to us to be inadequate, 
Schorigin regards this compound, not as 4-hydroxy-3-methyltetra- 
phenylmethane (I), but as «««-triphenyl-§-2-hydroxyphenylethane 
(II). In a more recent paper (Ber., 1927, 60, 2373) Schorigin 
describes experiments on the condensation of triphenylcarbinol with 
cresols by the Baeyer—Villiger method. In this way he has prepared 
from triphenylearbinol and m-cresol a condensation compound 
which he considers to be a tetraphenylmethane derivative (III or 
IV). With p-cresol, in the presence of acetic and sulphuric acids, 
triphenylecarbinol is converted into triphenylmethane; but a 
condensation product, to which he assigns formula (V), has been 
obtained by Schorigin by heating triphenylchloromethane with 
sodium p-tolyloxide and p-cresol. 


PhcK OH iting sia a 
Me 


(I.) (II.) (III.) 
Me 
ie Ph,CCHX OH race > 
e 
(IV.) (V.) (VI.) 


Schorigin bases his formule for the o- and p-cresol condensation 
products mainly on the fact that, whereas he was able to obtain 
triphenylearbinol in small quantity on oxidising the o- and p-cresol 
derivatives with chromic anhydride, no triphenylcarbinol could be 
isolated on treating either the m-cresol derivative or 4-hydroxy- 
tetraphenylmethane with the same oxidising agent. Since Gom- 
berg and Cone (Ber., 1906, 39, 1464) have shown that unsym- 
metrical tetraphenylethane gives triphenylcarbinol on oxidation 
with chromic anhydride, it is argued that the o- and p-cresol con- 
densation compounds are derivatives of this hydrocarbon, and that 
the m-cresol compound is derived from tetraphenylmethane. 
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Several observations which we have made are, however, opposed 
to the view that the o- and p-cresol compounds differ in type from 
the m-cresol derivative and 4-hydroxytetraphenylmethane : 

(1) The four compounds behave similarly on distillation with soda- 
lime; each gives triphenylmethane. 

(2) From their behaviour on heating with a mixture of hydriodic 
and acetic acids they fall into two groups, but not the groups which 
are to be expected on the basis of Schorigin’s views. The o- and 
m-cresol compounds behave similarly, yielding triphenylmethane, 
whereas the p-cresol derivative and 4-hydroxytetraphenylmethane 
are both stable towards this reducing agent. 

(3) Although on oxidising with chromic anhydride, Schorigin 
failed to obtain triphenylcarbinol from 4-hydroxytetraphenyl- 
methane and its homologue derived from m-cresol, we have found 
that the carbinol can be obtained from each of the four compounds 
by merely warming with sulphuric acid. 

The weight of evidence appears to us, therefore, to be against the 
view that the o- and p-cresol derivatives differ fundamentally in 
constitution from the m-cresol derivative and the unsubstituted 
hydroxytetraphenylmethane, and we consider that, until definite 
proof to the contrary has been brought forward, the o- and p-cresol 
compounds should be represented by formule (I) and (VI) respec- 
tively. 

The adoption of formula (I) for the o-cresol derivative of triphenyl- 
carbinol necessitates a corresponding alteration in the formula of 
the condensation product obtained from triphenylcarbinol and 
o-toluidine hydrochloride (van Alphen, Rec. trav. chim., 1927, 46, 
501). Since the o-toluidine derivative can be converted into com- 
pound (I) by diazotisation, it follows that formula (VII) must be 
assigned to it; and not, as van Alphen suggests, formula (VIII) : 


(VII.) POC ONE, cme (VIL) 
Me NH, 


Our observations on the action of sulphuric acid upon 4-hydroxy- 
tetraphenylmethane and its derivatives show that the Baeyer- 
Villiger reaction is reversible ; and in this connexion it is of interest 
to consider the mechanism of the process. An acetic—sulphuric acid 
solution of triphenylcarbinol is orange-red, and doubtless contains 
triphenylmethy] sulphate, ionised to a certain extent : 


Ph,C-OH + H,SO, —> Ph,C-0-80,-OH = Ph,C + S0,H. 


If to this orange solution a phenol, or its methyl ether, is 
added, a deep brown colour is immediately produced. This we 


we 
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attribute to the formation of a quinonoid addition compound, the 
ions of triphenylmethy] sulphate being added to the 1 : 4-positions 
of the phenolic nucleus : 


P ‘ Ph, 
Ph,C + < You +HSO, = —— 
0-S0,0H_ 


In the normal reaction this complex gradually breaks up into 
sulphuric acid and the tetraphenylmethane derivative : 


= Ph ee: + H,S0,. 
H’ \=% \o-80,-0H : . 


This hypothesis explains the rdle of the sulphuric acid, and the 
reversibility of the reaction. With p-cresol, however, the decom- 
position of the complex cannot proceed in the way indicated in the 
above equation, owing to the blocking of the position para to the 
hydroxyl group. In place of a condensation compound, triphenyl- 
methane is formed; the other product being not improbably, as 
Schorigin has suggested, a polymerised form of p-quinomethane : 


en —> Ph,CH + CH >%0 + H,S0,. 
0-80,-0H = 


The action of phenols upon triphenylchloromethane and upon 
triphenylmethoxyphosphorus dichloride may be explained in a 
similar fashion (compare Busch and Knoll, Ber., 1927, 60, 2243). 
But whereas in the Baeyer—Villiger reaction the dissociating solvent 
is the mixture of acetic and sulphuric acids, here it is the phenol 
itself which performs this function. It follows that where the phenol 
has a low ionising power no ionisation may result and therefore no 
colour be developed, e.g., with methyl salicylate and guaiacol. 
The appearance of a brown colour, and the accompanying acceler- 
ation of the reaction, which Baeyer observed (Joc. cit.) on adding 
stannic chloride to the colourless solution of triphenylchloromethane 
in guaiacol, are doubtless due to the formation of the double salt 
Ph,OC1,SnCl,, which readily dissociates into ions, thus enabling the 
quinonoid complex to be formed. 

The data recorded in the following table show that the stability 
of the tetraphenylmethane molecule towards reagents, such as 
sulphuric and hydriodic acids, which promote fission, is altered 
markedly by the presence of substituent groups, and that the 
influence of a substituent is dependent both on its chemical nature 


and on its position in the molecule. 
x2 
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Tetraphenylmethane Derivatives. 


Action of sulphuric acid. 


Wt. Time Yield of Action of hydr- 
(g.). Temp. (mins.). Ph,C-OH. iodic—acetic acid. 


BTA YGIOSY~  oncswicecesessedes 2 60° 30 0-1 Stable. 
S-M@GROXY = .¢ o.05-0dscccesecese 1 50 15 0:22 4-Hydroxytetra- 
phenylmethane. 
4-Hydroxy-3-methyl- ...... ] 40 10 0-26 Ph,CH. 
4-Methoxy-3-methyl- ...... 2 40 5 1-15 a 
4(2)-Hydroxy-2(4)-methyl- 1 50 30 0-05 - 
2-Hydroxy-5-methyl- ...... l 40 30 0:05 Stable. 
4-Hydroxy-3-carboxy-...... 1 40 10 Nil és 


The study of the tetra-arylmethane group of compounds from 
this point of view is being continued. 


EXPERIMENTAL. 


The Direct Action of Triphenylcarbinol upon Phenols.—4 G. of 
triphenylcarbinol and 5 g. of phenol were heated to boiling for about 
an hour, the mixture becoming almost completely solid. After 
cooling, the mass was boiled with dilute caustic soda solution to 
remove the excess of phenol, and the solid 4-hydroxytetrapheny]l- 
methane filtered off. After washing and drying, it crystallised from 
acetic acid in white flakes, m. p. 282°. The yield was 5-0 g., 97% 
of the theoretical. The compound was identified by the melting 
point of a mixture with an authentic specimen and by conversion 
into its acetyl derivative, m. p. 175°, as recorded by Baeyer. 

4-Hydroxytetraphenylmethane-3-carborylic Acid, 

CPh,°C,H,(OH)-CO,H.— 

4 G. of triphenylcarbinol and 5 g. of methyl salicylate were gently 
boiled under reflux. Water vapour was continuously evolved for 
about an hour; the mixture was then allowed to cool. The excess 
of methyl salicylate was hydrolysed by boiling with 40 c.c. of 
alcohol and 3 g. of caustic potash for 2 hours under reflux. The 
alcohol was then evaporated, the residue boiled with water, and the 
insoluble matter filtered off. After drying, the product (5-2 g.) was 
boiled with a mixture of 20 c.c. of acetic acid and 5 c.c. of hydriodic 
acid for 2 hours. On cooling, almost colourless crystals of the 
carboxylic acid separated together with some triphenylmethane. 
The crystals were collected and washed with sulphurous acid to 
remove iodine. The dried material crystallised from petroleum 
(b. p. 100—120°) in colourless needles, m. p. 232°. The yield was 
1-9 g. (Found: C, 82:2; H, 5-5.  CygH_ 0, requires C, 82-0; 
H, 53%). 

When the acid was heated above its melting point, carbon dioxide 
was evolved and a white sublimate obtained, which was identified as 
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4-hydroxytetraphenylmethane by its melting point (276—282°), 
mixed-melting point (278—282°), and by conversion into 4-acetoxy- 
tetraphenylmethane (m. p. 173—175°). 4-Hydroxytetraphenyl- 
methane-3-carboxylic acid is insoluble in aqueous alkalis; with an 
alcoholic solution of sodium hydroxide it gives a sodium salt. 

4- Acetoxytetraphenylmethane-3-carboxylic Acid, 

CPh,°C,H,(OAc)-CO,H.— 

1G. of the hydroxy-acid was boiled with 10 c.c. of acetic anhydride 
and 3 g. of anhydrous sodium acetate for 2 hours. The solid left 
after the mixture had been diluted with water and boiled was 
filtered off, washed, and dried. It crystallised from acetone-light 
petroleum as a white powder, m. p. 210° (Found: C, 79-5; H, 5-5. 
CygH.20, requires C, 79-6; H, 5-25%). The acid is insoluble in 
aqueous alkalis. 

5-Bromo-4-hydroxytetraphenylmethane-3-carboxylic Acid, 

CPh,°C,H,Br(OH)-CO,H.— 

2G. of the hydroxy-acid, 1 g. of bromine, and 15 c.c. of acetic 
acid were boiled under reflux until evolution of hydrogen bromide 
ceased. On cooling, the bromo-compound separated in colourless 
prisms, m. p. 239° after recrystallisation from acetic acid (Found : 
Br, 17:2. C,gH,gO,Br requires Br, 17-4%). Like the parent 
substance, the bromo-acid is insoluble in aqueous alkalis. 

5-Nitro-4-hydroxytetraphenylmethane-3-carboxzylic Acid, 

CPh,°C,H,(NO,)(OH):-CO,H.— 

2 C.c. of nitric acid were added to a mixture of 2 g. of the hydroxy- 
acid and 50 c. c. of acetic acid, and the whole kept for 24 hours with 
frequent shaking. All the hydroxy-acid had then dissolved. The 
solution was poured into water and the resulting yellow precipitate 
was collected and dried. After crystallisation from light petroleum 
and then from benzene, the substance formed light yellow needles, 
m. p. 226° (Found: N, 3-2, 3-6. C,,H,,O;N requires N, 3-3%). 
The nitro-acid dissolves readily in dilute caustic soda solution, from 
which it is precipitated on acidification. 

The Action of Triphenylmethoxyphosphorus Dichloride wpon 
Phenols.—(1) Phenol. 5 G. of triphenylmethoxyphosphorus di- 
chloride were added to 5 g. of molten phenol. The dichloride 
dissolved slowly with production of an intense red-brown colour, 
and at the same time hydrogen chloride was evolved. After stand- 
ing for 20 minutes with stirring, the mixture was heated to 120°. 
The colour then rapidly faded, and after heating for 30 minutes the 
product consisted of a light brown solid. When cold, this was 
boiled with dilute caustic soda solution, and the insoluble material 
was collected, washed, and dried. After crystallisation from alcohol 
itmelted at 282°. The yield was 3-5 g. (87%). The identity of the 
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product as 4-hydroxytetraphenylmethane was shown by a mixed 
melting point determination and by acetylation. On acidifying the 
caustic soda solution, 0-18 g. of a phosphorus-containing acid was 
obtained. 

(2) m-Cresol. A mixture of 2 g. of the phosphorus dichloride and 
2 g. of m-cresol was gradually warmed in an oil-bath. A brown 
colour developed slowly, and faded to a pale brown when the 
temperature was raised to 120°. After cooling, the excess of m-cresol 
was removed by treatment with caustic soda, and the residue was 
dissolved in ether and shaken with caustic soda. The resulting 


white gelatinous precipitate was washed with ether and boiled with | 


hydrochloric acid. The product, after crystallisation from acetic 
acid, melted at 213° and weighed 0-44 g. Mixed with 4(2)-hydroxy- 
2(4)-methyltetraphenylmethane, it melted also at 213°. From the 
ethereal solution there were obtained a phosphorus-containing oil 
and 0-32 g. of triphenylmethane, identified by a mixed melting 
point determination and by conversion into the benzene compound 
(m. p. 78°). 

(3) p-Cresol. 5 G. of the phosphorus dichloride and 5 g. of 
p-cresol were heated together in an oil-bath. The mixture gradually 
became brown and hydrogen chloride wasevolved. The temperature 
was maintained at 100° and the colour changed to wine-red. When 
cold, the unchanged -cresol was removed in the usual manner with 
caustic soda; on acidification of the alkaline filtrate a very small 
amount of a phosphorus-containing acid, mixed with a little red, 
amorphous colouring matter, was precipitated. The insoluble 
portion was crystallised from alcohol. After 2-45 g. of triphenyl- 
methane had separated, the mother-liquor deposited 0-5 g. of 
phosphorus-containing substance. This crystallised from alcohol 
in colourless prisms, m. p. 179—180°, and from its analysis appeared 
to be the di-p-tolyl ester of triphenylmethylphosphorous acid (Found: 
C, 78-6; H, 6-1; P, 6-0. C,,H,,0O,P requires C, 78-55; H, 58; 
P, 6:2%). 

The Action of Triphenylcarbinol wpon Phenols in the Presence of 
Sulphuric Acid.—In carrying out these experiments the amounts 
of acetic and sulphuric acids employed were considerably less than 
those used by Baeyer and Villiger. As a result the products were 
more readily isolated. 

(1) o-Cresol. 6 G. of triphenylcarbinol and 6 g. of o-cresol were 
dissolved in 60 c.c. of acetic acid by warming, and 10 g. of pure 
sulphuric acid were then added. The intense brown solution was 
kept until the following day; the colour had then faded to a pale 
red-brown. The solution was poured into water, and the precipit- 
ated material boiled with caustic soda solution. After drying, the 
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product was crystallised by dissolving it in a little benzene and 
adding hot methyl alcohol to the filtered solution. White, powdery 
crystals separated, m. p. 180—181°. The yield was 8-1 g. By 
dissolution in Claisen’s solution (Annalen, 1919, 418, 96) and sub- 
sequent crystallisation, the melting point was raised to 183° (Scho- 
rigin originally gave 183°, but in his most recent paper gives 186°). 
Mixed with a specimen of Schorigin’s “ cryptophenol,”’ prepared 
from sodium o-tolyloxide and triphenylchloromethane, it melted 
also at 183°. Further evidence of identity was obtained by convert- 
ing the two products into their acetyl derivatives. 
4-Acetoxy-3-methylietraphenylmethane, CPh,-C;H,Me-OAc.—1 G. of 


. | 4-hydroxy-3-methyltetraphenylmethane, 1 g. of anhydrous sodium 


acetate, and 10 c.c. of acetic anhydride were refluxed together for 2 
hours. The mixture was poured into water and the precipitated 
solid was collected, dried, and crystallised from benzene and methyl 
alcohol. The substance forms colourless prisms, m. p. 150°. The 
yield was 0-8 g. (Found: C, 85-7; H, 6-3. C,.H,,0, requires 
C,85°7; H, 6-2%). 

4-Methoxy-3-methyltetraphenylmethane, CPh,°C,H,Me-OMe.—The 
methyl o-tolyl ether required for this preparation was made by 
warming 11 g. of o-cresol in a solution of caustic soda (16 g. in 20 c.c. 
of water) to 40°, and adding 25 g. of methyl sulphate in small por- 
tions, the mixture being well shaken after each addition. The oil 
was extracted with ether, shaken with caustic soda, and dried over 
sodium sulphate. After removal of the ether and distillation, 8-8 g. 
of the pure substance were obtained. 

9 G. of methyl o-tolyl ether and 6 g. of triphenylearbinol were 
dissolved in 60 c.c. of acetic acid, and 12 g. of pure sulphuric acid 
were added. The dark brown solution, after 24 hours, deposited 
a considerable amount of crystals, which were filtered off after 48 
hours and washed, first with acetic acid and then with alcohol. 
The yield was 8-56 g. (The mother-liquor may be used for a second 
preparation by merely dissolving a further quantity of triphenyl- 
carbinol in it.) The compound crystallises from acetic acid or 
acetone in white, spherical aggregates, m. p. 165°. Its constitution 
was established by analysis (Found: C, 88-9; H, 64. C,,H,,0 
requires C, 89:0; H, 6-6%), and by its preparation by direct 
methylation of 4-hydroxy-3-methyltetraphenylmethane. 2 G. of 
4-hydroxy-3-methyltetraphenylmethane were dissolved in 20 c.c. 
of benzene, and shaken with 50 c.c. of Claisen’s solution. To this 
mixture, 2 g. of methyl sulphate were added, and the whole was well 
shaken for 15 minutes. The benzene layer was separated, washed 
with a little of Claisen’s solution and then with water, and evaporated 
toa small bulk, The addition of alcohol caused the separation of 
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brownish crystals, m. p. 162—165°. On recrystallisation the product 
melted at 165°, and gave the same melting point when mixed with 
some of the previously prepared material. 
3-Bromo-4-methoxy-5-methyltetraphenylmethane, 
CPh,-C,H,MeBr-OMe.— 

2 G. of 4-methoxy-3-methyltetraphenylmethane were boiled with 
20 c.c. of acetic acid and 1 g. of bromine until evolution of hydrogen 
bromide ceased. On cooling, 2:2 g. of colourless crystals separated. 
These crystallised from acetic acid in prisms, m. p. 180°, with a little 
previous shrinkage (Found: Br, 18-15. C,,H,,OBr requires Br, 
18-0%). 

(2) m-Cresol. 6 G. of triphenylearbinol and 6 g. of m-cresol were 
dissolved in 60 c.c. of acetic acid, and 10 g. of sulphuric acid were 
added. After standing 24 hours, 5-0 g. of the condensation product 
were filtered off, and several days later a further quantity, 2-3 g., 
was obtained. The melting point after two recrystallisations from 
acetic acid was 213—214° as recorded by Schorigin. 

The Action of Hydriodic Acid upon 4-Hydroxytetraphenylmethane 
and its Derivatives.—0-5 G. of each compound was boiled with a 
mixture of 4 c.c. of hydriodic acid and 8 c.c. of acetic acid for 3 hours. 
In those cases where fission occurred, the substance dissolved fairly 
rapidly and triphenylmethane separated as an oil on the surface of 
the liquid, the action being completed in 30 minutes. The yield of 
triphenylmethane was practically theoretical. Where the tetra- 
phenylmethane compound was stable, the material never passed 
completely into solution, and on cooling and filtering, almost the 
whole amount was recovered unchanged. The acetic acid filtrate 
was poured into water and the minute amount of material preci- 
pitated was carefully examined, but no trace of triphenylmethane 
could be detected. 

The Action of Sulphuric Acid upon 4-Hydroxytetraphenylmethane 
and its Derivatives.—A mixture of the substance with pure sulphuric 
acid (10 ¢.c. for 1 g.) was gently warmed as recorded in the table 
on p. 634. At the end of the time practically all (in most cases all) 
the substance had dissolved and the solution was coloured orange. 
The white precipitate produced on pouring this solution into water 
was extracted with benzene, the benzene layer washed with dilute 
caustic soda solution and with water, and the benzene evaporated. 
The residue was weighed after recrystallisation from light petroleum. 
It was identified as triphenylcarbinol by its melting point and by a 
mixed melting point determination. 
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LXXXVII.—Stereotsomerism in Polycyclic Systems. 
Part IV. Two Stereoisomerides of 2:3:4:5:12:13- 


Hexahydroquinindene. 


By Witt1am HENRY PERKIN, jun., and SyDNEY GLENN PRESTON 
PLANT. 


In the earlier investigations it has been shown that octahydro- 
acridine (I) (Perkin and Sedgwick, J., 1924, 125, 2437; 1926, 438) 
and hexahydrocarbazole (II) (Gurney, Perkin, and Plant, J., 1927, 
2676)* each occur in two stereoisomeric modifications the existence 
of which can be accounted for by the Sachse—Mohr theory of multi- 
planar rings. It was found that when tetrahydrocarbazole is 
reduced to hexahydrocarbazole the product consists almost entirely 
of the cis-modification, only about 1—2% of the trans-form being 
present. In Part IIT it is pointed out that this may be ascribed to 
the fact that in the configuration of the reduced dicyclic system of 
the trans-modification there must be considerable strain. It is 
obvious, however, that in these cases the effect of the benzene ring 
must also be considered, and the factors which determine the 
relative strain in the various stereoisomerides of this type are 
clearly more complex than in a simple dicyclic system. With a 
view to gaining information bearing on this point, we have decided 
to examine the possibility of stereoisomerism in the case of 
2:3:4:5:12: aunt ete eT nae (ITT).+ 


H oC H, H Ae H, 
COOR OnE CORE 
H H 
NH H, NH H, 
(I.) (II.) cn ) 


This substance is closely allied to hexahydrocarbazole, the possi- 
bility of stereoisomerism being again a feature of the dicyclic system 
composed of one 6-membered and one 5-membered ring, and it 
might be expected from previous experience in the case of the 


* These communications are regarded as Parts I, II, and III, respectively, 
of this series. 

+ It has been suggested by Dr. Smith that compounds containing the ring 
system present here should be considered as derived from the hypothetical 


parent substance, “‘ quinindene,” ° 
CH, 
es le \4 al 
AN Wi 
N 
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reduction of tetrahydrocarbazole that only a smal! quantity of the 
trans-form would occur in any reaction which might give rise to both 
stereoisomerides at the same time. 

We have prepared considerable quantities of 2: 3-dihydro- 
quinindene (IV) from 2 : 3-dihydroquinindene-12-carboxylic acid 
(V) by the elimination of carbon dioxide (compare Borsche, Annalen, 


on H, ou 


1910, 377, 120), and have investigated its reduction by means of tin 
and hydrochloric acid in aqueous-alcoholic solution, under conditions 
similar to those used in the case of hexahydrocarbazole. An oily 
mixture of the cis- and trans-bases was obtained, and it. was found 
that separation could best be brought about by converting the 
product into the mixture of the corresponding benzoyl derivatives 
and separating these by fractional crystallisation from alcohol and 
acetone. In this way two stereoisomeric 5-benzoyl-2 :3:4:5:12:13- 
hexahydroquimindenes, (A), m. p. 174°, and (B), m. p. 161°, were 
isolated, but contrary to the experience in the case of the reduction 
of tetrahydrocarbazole, where only 1—2% of the trans-form is 
obtained, the proportion of (A) to (B) is about 1 to 3. The corre- 

sponding stereoisomeric 2:3:4:5:12:13-hexahydroquinindenes 
(VI and VII) have been isolated from these benzoyl compounds by 
hydrolysis, (A) melting at 67°, and (B) being an oil, b. p. 284°/ 


H,C H, H.C H, 

H H 
CCa mmmEeCS: 
NH NH 
cis- (VI.) trans- (VII.) 


762 mm. Each base has been converted into its acetyl derivative, 
that from (A) melting at 102°, and that from (B) at 87°. The 
picrate of 2:3:4:5:12:13-hexahydroquinindene (A) melts at 
193° (decomp.), and that of the stereoisomeride (B) at 158°. Both 
of the isomeric benzoyl derivatives have been shown to be uni- 
molecular. 

The nature of the reducing agent influences the course of the 
reaction, since in subsequent experiments, when 2 : 3-dihydro- 
quinindene was reduced electrolytically and the product separated 
as before by means of the benzoyl derivatives, appreciable quantities 
of both forms, (A) and (B), were again isolated, but the proportion 


inc 


the 
20th 
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of the benzoyl derivative (A) (m. p. 174°) to (B) (m. p. 161°) was now 
about 1 to 12.. It is an interesting fact that our experiments seem 
to show that the electrolytic reduction of tetrahydrocarbazole 
gives no appreciable quantity of the trans-hexahydrocarbazole. 

The two stereoisomeric 2: 3: 4:5: 12: 13-hexahydroquinindenes 
have here been designated (A) and (B), respectively. As will be 
pointed out later, considerations of strain and of the relative amounts 
of the two forms produced lead to no certain indication as to which 
is the cis- and which the trans-modification. There is no absolute 
method available for determining this point, since oxidation to some 
simple recognisable cis- and trans-forms of a monocyclic system, or 
synthesis from these, seems to be out of the question. 

It is clear that the factors which determine the relative amounts 
of the two stereoisomerides in the cases so far investigated are 
numerous and complex. The nature of, and the strain in, the ring 
system undergoing reduction, the kind of reducing agent used, and 
the relative strains in each of the isomeric products will all pre- 
sumably have some influence on the proportion of the stereoisomerides 
formed. A detailed study of the problem of the strain in the 
products is very interesting in view of the different nature of the 
results already obtained on reducing tetrahydrocarbazole and 2 : 3- 
dihydroquinindene to hexahydrocarbazole and 2: 3:4:5:12:13- 
hexahydroquinindene, respectively. Adopting the generally 
accepted views (i) that the normal position of the benzene ring is in 
one plane with the six hydrogen atoms symmetrically arranged in 
the same plane, (ii) that the 5-membered ring is also normally uni- 
planar, and (iii) that the cyclohexane ring has one of the well-known 
multiplanar configurations, it is possible with the aid of models to 
see that the trans-valencies, marked a and 6 in the dihydroindole 
skeleton (VIII), when projected on to a plane at right angles to the 
line joining the two carbon atoms to which they are attached, enclose 
a relatively large angle (about 110°), so that a trans-union of the 
remaining ~(CH,),- group to form hexahydrocarbazole results in a 
very highly strained configuration. The dihydroindole skeleton is 
itself strained and presumably uniplanar, and any attempt to 
facilitate the trans-union of the -(CH,),~ group by reducing the angle 


CH, 
a a 
Os OY 
NH NH : 
(VIII.) (IX.) (X.) 


between the trans-valencies a and 6 by free rotation results in an 
increased strain in this section. The corresponding projections of 
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the cis-valencies, a and c, are coincident, and the cis-hexahydro. 
carbazole molecule is far less strained than the trans-. There can 
be little doubt that the formation of only very small quantities of 
trans-hexahydrocarbazole during the reduction of tetrahydro- 
carbazole is due in a large measure to this fact. 

Applying the same considerations to the case of 2:3:4:5:12: 13. 
hexahydroquinindene, it is found that the effect of the benzene ring 
is to alter the positions in the multiplanar, 6-membered ring so as to 
cause the two trans-valencies, a and 6 in fig. IX, to be so situated 
that, when projected on to a plane as before at right angles to the 
line joining the two carbon atoms to which they are attached, they 
enclose only a small angle. The study of the model indicates that 
the angle enclosed between the projections of the corresponding 
cis-valencies, a and c, is approximately the same as in the case of the 
trans-. It will be apparent, therefore, that both the cis- and the 
trans-union of the remaining —(CH,),- group to complete the 
2:3:4:5:12:13-hexahydroquinindene molecule should be brought 
about with approximately equal ease. It is also apparent that the 
size of the angle enclosed between the projections of the various 
cis- and trans-valencies on to a plane perpendicular to that already 
considered will have a marked effect upon the strains in the com- 
pleted molecules, but this angle varies only slightly in the systems 
under consideration. The effect of this factor will, of course, depend 
upon the number of carbon atoms in the groups —(CH,),- which are 
attached to these valencies in order to complete the tricyclic system. 

In the absence of quantitative data concerning the actual dis- 
tribution of the total strain throughout these molecules, it is difficult 
at present to be more definite, but it is even possible that the cis- 
modification of 2:3:4:5:12:13-hexahydroquinindene may be 
more strained than the trans-. These facts are interesting in view 
of the isolation of considerable quantitites of both forms of 
2:3:4:5:12: 13-hexahydroquinindene as the result of the reduc- 
tion of 2: 3-dihydroquinindene. We propose to extend these 
investigations to other polycyclic systems with a view to obtaining 
further data which may be useful for developing more definite ideas 
concerning some of the points raised above. 

The reduction of dihydroquinindene has previously been investig- 
ated by von Braun, Petzold, and Schultheiss (Ber., 1923, 56, 1347). 
By catalytic hydrogenation these authors obtained two products, 
one of which could be benzoylated, but the other could not. These 
substances are regarded by them as 2:3:4:5: 12: 13-hexahydro- 
quinindene (III) and “2: 3-trimethylene-5 : 6-tetramethylene- 
pyridine ”’ (X), respectively; the former is described as an oil, b. p. 
169—171°/18 mm., its benzoyl derivative is said to melt at 157° and 
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its picrate at 154°. It seems probable that this substance is identical 
with the 2:3:4:5: 12: 13-hexahydroquinindene (B) described in 
this communication. 


EXPERIMENTAL. 


A mixture of isatin (50 g.), cyclopentanone (90 g.), aqueous 
potassium hydroxide (200 c.c. of 30%), and alcohol (400 c.c.) was 
boiled under reflux for 8 hours, the alcohol removed by distillation, 
the residue diluted by water (about 2500 c.c.), and acidified, after 
filtering, with an excess of glacial acetic acid. The 2: 3-dihydro- 
quinindene-12-carboxylic acid (V), which rapidly separated, was 
used without further purification for the preparation of 2 : 3-di- 
hydroquinindene, but it can be crystallised from glacial acetic acid 
and obtained in pale green prisms, m. p. 297° (decomp.) (Found : 
N, 6-5. Calc.: N, 66%. Compare Borsche, loc. cit., who gives 
the m. p. 277—278°). The dry, crude acid was heated at a tem- 
perature just above its m. p. in a small distillation flask for about 
10 minutes, until the evolution of carbon dioxide ceased, and the 
residue was then distilled under reduced pressure. The distillate 
was dissolved in ether and shaken with dilute aqueous sodium 
carbonate, the ethereal solution was dried over potassium carbonate, 
the solvent removed, and the residue crystallised from low-boiling 
petroleum, from which 2 : 3-dihydroquinindene separated in large, 
colourless prisms, m. p. 60° (compare Borsche, loc. cit.). The yield 
from 50 g. of isatin amounted to 23 g. 

Reduction of 2: 3-Dihydroquinindene with Tin and Hydrochloric 
Acid.—A mixture of 2: 3-dihydroquinindene (17-5 g.), alcohol 
(70 ¢.c.), concentrated hydrochloric acid (70 c.c.), and granulated 
tin (70 g.) was boiled under reflux on the steam-bath for 5 hours and 
then filtered while still hot, the tin residues being washed with a 
little hot alcohol. After removal of the alcohol by distillation, the 
residue was cooled, treated gradually with an excess of concentrated 
aqueous sodium hydroxide (70 g. of NaOH), and extracted several 
times with ether. The extract was dried over potassium carbonate 
and the solvent removed, a mixture of products being obtained as an 
oil which did not solidify after standing for some time. The mixture 
was converted into the corresponding benzoy] derivatives by shaking 
with benzoyl chloride (20 g.) and an excess of dilute aqueous sodium 
hydroxide, the product soon separating in a solid condition. On 
erystallising this mixture from alcohol, a quantity of 5-benzoyl- 
2:3:4:5:12: 13-hexahydroquinindene (A) separated first in long, 
colourless prisms, m. p. 174° (Found : C, 82-1; H, 7-0; M, by Rast’s 
method, 289. C,,H,,ON requires C, 82-3; H, 68%; M, 277). 


After a short time the second derivative also began to separate at a 
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point very easily detected, and the solution was then rapidly filtered. 
The mixture which crystallised from the filtrate was then recrystal- 
lised from acetone, 5-benzoyl-2 : 3:4: 5:12 :13-hexahydroquinindene 
(B) separating first in large, stout, colourless prisms, m. p. 161° 
(Found : C, 82:4; H, 7:0%; M, by Rast’s method, 261). After a 
time the other benzoyl] derivative (m. p. 174°) also began to separate 
from this solution, and at this point the product was collected. Both 
of these stereoisomerides can be purified, if necessary, by further 
recrystallisation from either alcohol or acetone. After a certain 
quantity of each stereoisomeride had been isolated in this way, the 
mother-liquors were united and the mixture was obtained by 
dilution with water or by evaporation of the solvent, and again 
subjected to the above process of separation. The whole procedure 
can be repeated to bring about complete separation, and the amounts 
of the stereoisomerides (B) and (A) were found to be approximately 
in the ratio 3:1, although in different preparations the actual 
amounts varied a little. These benzoyl derivatives are only slowly 
hydrolysed by aqueous-alcoholic potassium hydroxide, prolonged 
boiling being necessary in order to separate the corresponding bases. 

2:3:4:5:12:13-Hexahydroquinindene (A).—5- Benzoyl - 
2:3:4:5:12: 13-hexahydroquinindene (A) (4 g.) was boiled under 
reflux with potassium hydroxide (25 g.) in aqueous alcohol for 24 
hours, the alcohol was distilled off, and the residue was shaken with 
ether and water. Two clear layers were obtained in this case. The 
ethereal layer was shaken with dilute hydrochloric acid and no 
residue remained after evaporation of the ether, so that hydrolysis 
of the benzoyl derivative was complete. The solution of the base 
in dilute hydrochloric acid was made alkaline with ammonia and 
extracted with ether, the ethereal solution dried over potassium 
carbonate, and the solvent removed. The residual oil quickly 
solidified, and, after crystallisation from petroleum, 
2:3:4:5:12: 13-hexahydroquinindene (A) was obtained in large, 
colourless prisms, m. p. 67° (Found: C, 83-5; H, 8-6. C,,H,,;N 
requires C, 83-2; H, 8-7%). By shaking this base (A) with benzoyl 
chloride and dilute aqueous sodium hydroxide the benzoyl derivative 
(m. p. 174°) was regenerated. After boiling the mixture of the base 
with an excess of acetic anhydride for 20 minutes, shaking it with 
water, and crystallising the product from dilute alcohol, 5-acetyl- 
2:3:4:5:12: 13-hexahydroquinindene (A) was obtained in long, 
colourless prisms, m. p. 102° (Found: N, 6-4. C,,H,,ON requires 
N, 65%). The picrate of 2:3:4:5: 12: 13-hexahydroquinindene 
(A) separated from alcohol in small, yellow prisms, m. p. 193° 
(decomp.). 
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2:3:4:5:12:13-Hexahydroquinindene (B)—A mixture of 
5-benzoyl-2 : 3: 4:5: 12: 13-hexahydroquinindene (B) (7-5 g.) and 
potassium hydroxide (25 g. in aqueous alcohol) was boiled under 
reflux for 24 hours, the alcohol was distilled off, and the residue well 
shaken with ether and water. The ethereal layer, after being 
filtered from some unchanged benzoyl derivative, which is only 
slightly soluble in ether, was extracted with dilute hydrochloric acid, 
and then, after removal of the ether, a further quantity of unchanged 
benzoyl derivative was obtained. The total quantity of benzoyl 
compound recovered amounted to 3-5 g. The hydrochloric acid 
solution of the base was made alkaline with ammonia and extracted 
with ether, the ethereal solution was dried over potassium carbonate, 
and the solvent removed. The residual oily 2:3:4:5:12:138- 
hexahydroquinindene (B) has not been made to solidify, but, on dis- 
tillation, it boiled at 284°/762 mm. (Found: C, 83-4; H, 8-7. 
CioH,;N requires C, 83-2; H, 8:7%). By shaking the base (B) 
with benzoyl chloride and dilute aqueous sodium hydroxide the 
benzoyl derivative (m. p. 161°) was obtained. After a solution of 
the base in an excess of acetic anhydride had been boiled for 20 
minutes and shaken with water, and the solid crystallised from 
low-boiling petroleum, 5-acetyl-2:3:4:5:12: 13-hexahydroquin- 
indene (B) separated in colourless plates, m. p. 87° (Found: 
3, 78:0; H, 80. C,,H,,ON requires C, 78-1; H, 7-9%). The 
picrate of 2:3:4:5:12:13-hexahydroquinindene (B) separated 
from alcohol in orange-coloured prisms, m. p. 158°. 

Electrolytic Reduction of 2 : 3-Dihydroquinindene.—2 : 3-Dihydro- 
quinindene (8 g.) was dissolved in dilute sulphuric acid (300 c.c. of 
10%) and reduced electrolytically, lead electrodes and a current of 
2-5 amps. (0-01 amp. per sq. cm. of cathode) being used, for 16 hours. 
The solution was then filtered, made alkaline with aqueous sodium 
carbonate, and extracted with ether. After the extract had been 
dried over potassium carbonate and the solvent removed, the 
residual oil was distilled under reduced pressure, and the distillate 
was collected at 155—160°/11 mm. This mixture of the 
2:3:4:5:12:13-hexahydroquinindenes (A) and (B) was converted 
by benzoylation in the usual way into the two corresponding 
stereoisomeric benzoyl derivatives (A) and (B). On fractional 
crystallisation from alcohol a considerable amount of the isomeride 
(B) separated first in this case, since it was present to a greater 
extent than in the product from the reduction with tin and hydro- 
chloric acid. After separating the two benzoyl derivatives, it was 
found that the proportion of (B) to (A) is here approximately 
12 to 1. 
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LXXXVIII.—Optically Active Derivatives of Phenyl- 
aminoacetic Acid. 
By Avex. McKenziz and NELLIE WALKER. 


THE semipinacolinic deamination of. tertiary amino-alcohols has 
been applied by McKenzie, Roger, and Wills (J., 1926, 779) for the 
preparation of optically active ketones. It was desirable that 
optically active desylamine hydrochloride should be prepared in 
order that the behaviour of nitrous acid towards the amino-alcohols 
derived from it by means of Grignard reagents could be studied. 
This was one of the reasons why the present research was undertaken. 

The resolution of r-desylamine gave unpromising results at first. 
The nicely-crystalline product from the interaction of r-desylamine 
hydrochloride and sodium hydrogen d-tartrate in aqueous solution did 
not lend itself to recrystallisation. Moreover, d-camphor-10-sulphonic 
acid and d-«-bromocamphorsulphonic acid also gave unsatisfactory 
results. It was thought possible that phthalyl derivatives of pheny]l- 
aminoacetic acid might serve the purpose, and that /-«-phthalimido- 
phenylacetyl chloride would give optically active desylamine 
hydrochloride through the intermediate stages of desylphthalimide 
and desylphthalamic acid : 


NH,-CHPh-CO,H —> C,H,0,:N-CHPh-CO,H —> 
C,H, 0,:N-CHPh-COC] —> C,H,0,{N-CHPh-COPh —> 
CO,H-C,H,CO-NH-CHPh-COPh —> NH,:CHPh:COPh,HCI. 


The optically active «-phthalimidophenylacetic acid cannot be 
obtained by heating J/-phenylaminoacetic acid with phthalic 
anhydride at 160—170°, presumably owing to the racemisation 
which occurs at this temperature. After preliminary experiments 
with various alkaloids, the resolution of the r-phthalyl acid was 
successfully accomplished by morphine. When, however, the acid 
chloride of the l-acid was acted on by benzene and aluminium 
chloride, the product was r-desylphthalimide. 

l-«-Phthalimidophenylacetic acid, when hydrolysed with caustic 
soda under the conditions described in the experimental section, 
gave a dextrorotatory dicarboxylic acid with the probable con- 
stitution CO,H-C,H,-CO-NH-CHPh:CO,H. 
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The next stage was to start with r-desylphthalamic acid. This 
was resolved by morphine, but we were not satisfied at the time 
that the desylamine hydrochloride obtained by hydrolysing the 
l-acid was optically pure, and subsequent experiments confirmed 
this view. The concentrated hydrochloric acid used in the hydrolysis 
was apparently the racemising agent. It was further found that 
l-desylphthalamic acid gives on dehydration r-desylphthalimide. 

It remained, therefore, to revert to the resolution of r-desylamine 
itself. By the application of l-mandelic acid and d- and l-yyy-tri- 
chloro-8-hydroxybutyric acids—substances which have not hitherto 
been used for the resolution of r-bases—the optically active desyl- 
amine hydrochlorides are now accessible in sufficient quantity to 
enable them to be applied for our studies on the migration of groups. 

The d- and l-desylamines have a certain interest on account of 
their connexion with the d- and /-benzoins. When d-desylamine 
hydrochloride was acted on by nitrous acid, a mixture of r- and d- 
benzoins was formed, so that the following change was effected : 


d-Ph-CH(NH,)-COPh, HC] “*°8 ¢-Ph-CH(OH)-COPh. 


When the free base, which is very unstable, was liberated from 
the d-hydrochloride, the sign of rotation was unaltered. Its optical 
activity in ethyl-alcoholic solution was evanescent at the ordinary 
temperature, a result which we attribute—in part at least—to 
racemisation rather than to decomposition. 


EXPERIMENTAL. 


Action of Phthalic Anhydride on 1-Phenylaminoacetic Acid.—2 G. 
of /-phenylaminoacetic acid were heated for 24 hours with freshly- 
distilled phthalic anhydride (2 g.) at 160—170°. The product was 
crystallised first from glacial acetic acid and then from benzene. 
The resulting acid (3 g.) was optically inactive in acetone and in 
benzene: it consisted of r-«-phthalimidophenylacetic acid, m. p. 
170-5—171-5° (Ulrich, Ber., 1904, 37, 1685). 

This behaviour of optically active phenylaminoacetic acid, 
C,H;*CH(NH,)-CO,H, is in marked contrast with that of d-8-amino- 
8-phenylpropionic acid, CgH;-CH(NH,)*CH,°CO,H, from which 
d-8-phthalimido-8-phenylpropionic acid is readily prepared when 
the amino-acid is heated with phthalic anhydride (McKenzie and 
Tudhope, J., 1924, 125, 928), no racemisation occurring in the 
latter case. 

Resolution of r-«-Phthalimidophenylacetic Acid.—Morphine (30-7 g.) 
was dissolved by heating with ethyl alcohol (2850 c.c.), the solution 
cooled to 30°, and the r-acid (28-5 g.) added. The acid dissolved 
readily. The morphine salt (36-5 g.), which had separated over- 
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night, was crystallised once from ethyl alcohol (2900 c.c.), and the 
resulting needles were dissolved in boiling water (2500 c.c.), and 
decomposed, while the solution was still warm, by concentrated 
hydrochloric acid. The acid precipitated was crystallised once from 
aqueous acetone, washed with ice-cold water, and dried in a vacuum 
over sulphuric acid. It was then optically pure, repeated crystallis- 
ation failing to raise the value of its specific rotation. Yield: 10g. 

l-x-Phthalimidophenylacetic acid, CgH,O..-N-CHPh’CO,H, forms 
glassy needles, m. p. 192—-193° (Found: C, 68-3; H, 4-0; N, 5:1. 
C,,H,,0,N requires C, 68:3; H, 3-9; N, 50%). In acetone: 
1 = 2, c = 3°5385, alif® —3-67°, [«]}#* —51-9°. In methyl alcohol : 
t= 2, c= 4588, aif —1-86°, [a]f* —20-3°; 1 = 2, c= 2-251, 
ol2s* —1-11°, [o}z3" —24-7°. 

Conversion of |-«-Phthalimidophenylacetic Acid into r-Desylphthal- 
imide.—The l-acid (3 g.) was heated on the water-bath with thionyl 
chloride (20 g.) for 3 hours, and the excess of thionyl chloride 
removed; the residual oil gradually crystallised when kept in a 
vacuum over soda-lime. This acid chloride was then heated for 
3 hours with dry thiophen-free benzene (30 ¢.c.) and aluminium 
chloride (3 g.), and the product was decomposed. by dilute sulphuric 
acid. The solid obtained from the benzene solution was crystallised 
from pyridine-ethyl alcohol, and the crystals obtained (1:5 g.) were 
identified as r-desylphthalimide. 

The racemisation observed must have occurred during the 
Friedel and Crafts reaction, since the acid chloride is levorotatory. 
The product obtained by heating the l-acid (1 g.) for 2 hours with 
thionyl chloride (5 g.) gave in benzene (1 = 2, c = 3-33), ap —4-68°. 

Action of Potassium Hydroxide on 1|-u-Phthalimidophenylacetic 
Acid.—The I-acid (3 g.) was neutralised at the ordinary temperature 
by dissolving it gradually in 247-4 c.c. of caustic potash (N/10 x 
0-863). After 1 hour the solution was acidified by dilute hydro- 
chloric acid, and the precipitated acid collected (m. p. 177—179°). 
It was deztrorotatory, its rotation in acetone (J = 2, c = 1-266) 
being ap + 225°, [a]p + 88-9°. Yield: 2-4 g. After crystallis- 
ation from aqueous acetone, it gave in acetone (J = 2, c = 1-2525), 
tp + 2-55°, [«]p + 101-8°. The compound was now apparently 
homogeneous because, after two further crystallisations from 
aqueous acetone, it was unaltered in its specific rotation. The 
amount of alkali (of the strength given above) required to form the 
potassium salt from 3 g. of J-«-phthalimidophenylacetic acid is 
123-63 c.c., whereas the amount actually added was 247-4 c.c. The 
amount of alkali required to effect the change 


CpHy<GQ>N-CHPh-CO,H 28°F CO,K+C,HyCO-NH-CHPh-CO,k 
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is 247-26 c.c. It would therefore appear that the dextrorotatory 
dicarboxylic acid, CO,H-C,H,-CO-NH-CHPh:’CO,H, was formed by 
hydrolysing /-«-phthalimidophenylacetic acid under the conditions 
quoted. 

Resolution of r-Desylphthalamic Acid.—270 C.c. of water were 
added to a solution of a mixture of 27 g. of the r-acid (Neumann, 
Ber., 1890, 23, 995) and 22-7 g. of morphine in 270 c.c. of ethyl 
alcohol. After 3 hours at the ordinary temperature, crystallisation 
started on stirring. The glassy prisms (23-5 g.), which separated 
over-night, were crystallised twice from 50% aqueous alcohol. 
Yield: 12:2 g. After decomposition of the salt by dilute sulphuric 
acid, the acid was extracted with ether. Yield: 6-1 g. It was 
almost pure, giving in acetone (J = 2, c = 2-4965), «jf —7-85°, 
[a] —157-2°. It was finally crystallised from ether. 

1-Desylphthalamic Acid, CO,H°C,H,-CO-NH-CHPh-COPh, is spar- 
ingly soluble in water, benzene, and light petroleum. It separates 
from ether in feathery needles, m. p. 155—157° (decomp.). In 
acetone: 1 = 2, c = 2-545, aif’ —8-10°, [a] —159-1°. 

l-Desylphthalamic acid underwent dehydration to r-desyl- 
phthalimide under the following conditions. A solution of 1-3 g. 
of the acid in acetone-water was evaporated to dryness on the 
water-bath, a bright yellow mixture of solid and oil being obtained. 
The solution in acetone was only slightly levorotatory, and from it 
colourless crystals of r-desylphthalimide (0-6 g.) separated gradually. 

Hydrolysis of 1-Desylphthalamic Acid.—The l-acid (1-7 g.) was 
evaporated to dryness on the steam-bath with concentrated hydro- 
chloric acid (50 c.c.), and the aqueous solution of the residual solid 
was extracted 4 times with ether. The aqueous solution was evapor- 
ated to dryness, and the resulting desylamine hydrochloride (1 g.) 
was examined polarimetrically in ethyl alcohol: | = 2, c = 3-4685, 
% —7-52°, [«]p —108-4°. After one crystallisation from a mixture 
of water (10 c.c.) and concentrated hydrochloric acid (25 c.c.), the 
value for [«]) was increased to —110-3° (c = 2-9765), and after one 
crystallisation more from the same solvent, to —114° (c = 3-269). 
From those values alone it was clear that some racemisation must 
have occurred during the formation of desylamine hydrochloride, 
the racemising agent presumably being the concentrated hydrochloric 
acid employed (compare Fitger, ‘‘ Racemisierungserscheinungen bei 
optisch-aktiven Sulphidsauren,’’ Lund, 1924). It was also proved 
that the racemisation was pronounced: the mother-liquor, from 
which the crystals giving [«]) —114° had been removed, was evapor- 
ated to dryness, and the desylamine hydrochloride obtained in this 
manner gave the following low value in ethyl alcohol: / = 1, 
¢ = 1-572, ap —0-57°, [a]) —36-3°. 
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The action of concentrated hydrochloric acid on 1-desylphthalamic 
acid was accordingly examined as follows. 0-5 G. of the l-acid was 
added to 25 c.c. of hydrochloric acid (d 1-2) and kept for 10 days in 
the ice-chest. The /-acid was practically undissolved, and the value 
for its specific rotation had not fallen after this treatment. On the 
other hand, the racemisation was very pronounced under the 
following conditions at the ordinary temperature. Dry hydrogen 
chloride was passed into a solution of the l-acid (0-7 g.) in ether 
(100 c.c.). There was no separation of desylamine hydrochloride, 
and 30 c.c. of hydrochloric acid (d 1-2) were added. After 4 days 
with occasional shaking, the lower layer was evaporated to dryness, 
and the resulting solid had the following rotation in ethyl alcohol : 
l= 2, c= 1-62, a, —2°, [«]) —62°. The ethereal layer was 
evaporated at the ordinary temperature and the desylphthalamic 
acid thus obtained exhibited only a slight levorotation in acetone : 
1 = 2, c= 1-008, a) —0-23°, [a], —11°. 

Resolution of r-Desylamine Hydrochloride —(1) Resolution with 
l-mandelic acid. A solution of 15 g. of r-desylamine hydrochloride 
(Pschorr and Briiggemann, Ber., 1902, 35, 2740) in 130 c.c. of water 
was mixed with 75 c.c. of an aqueous solution of ammonium 
l-mandelate prepared from 9 g. of J-mandelic acid. The voluminous, 
colourless precipitate was drained off, and dissolved in boiling 
rectified spirit; the solution became orange-red. On cooling, 
yellow needles separated. These, after being washed with rectified 
spirit, became colourless (7 g.) and gave in acetone, in which the 
salt is somewhat sparingly soluble at. the ordinary temperature, 
(l= 2, c = 2-076), ap —2-38°, [«]p —57-3°. The solution was 
yellow. The acetone was expelled by warming on the water-bath, 
the residue being an oil with the colour of port wine. The remainder 
of the mandelate was crystallised from rectified spirit; the crystals 
(3-8 g.) obtained had the following rotation in acetone: / = 2, 
c = 1-426, ap —1-64°, [a], —57-5°. The salt was thus apparently 
homogeneous; it melted at 149—150° with decomposition to an 
orange-coloured solution. It was decomposed by dilute hydro- 
chloric acid, the mandelic acid was removed completely by extrac- 
tion with ether, and the aqueous layer containing the desylamine 
hydrochloride was evaporated to dryness. After one crystallisation 
from ethyl alcohol, the hydrochloride was optically pure. 

d-Desylamine hydrochloride, C§H;-CH(NH,)-CO-C,H,,HCI, is more 
soluble in ethyl alcohol than is the r-isomeride. It separates in 
glassy prisms, which decompose with rapid evolution of gas at 230° 
(Found : C, 67-9; H, 5-6; N, 5-8; Cl, 14-1. C,,H,,ONCI requires 
C, 67-9; H, 5:7; N, 5-7; Cl, 143%). In ethyl alcohol: 1 = 2, 
c = 2-538, aif’ + 11-33°, [a]? + 223-2°. 
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(2) Resolution with |-yyy-trichloro-8-hydroxybutyric acid. 52 G. of 
the l-chloro-acid (McKenzie and Plenderleith, J., 1923, 123, 1090) 
were neutralised by ammonia, and added to an aqueous solution of 
r-desylamine hydrochloride (62 g.). The flocculent crystals, which 
separated quickly from the solution (1500 c.c.), were collected, and 
after drying over concentrated sulphuric acid were crystallised from 
1 litre of rectified spirit, the solution assuming an orange-red tint. 
Over-night at about 8°, colourless needles (35 g.) had deposited. 
These were decomposed by dilute hydrochloric acid, and extracted 
with ether, the J-chloro-acid being recovered from the ethereal 
solution. The aqueous solution was then evaporated until crystal- 
lisation started. The desylamine hydrochloride (18 g.) which 
separated on cooling was almost optically pure. The pure d-desyl- 
amine hydrochloride was obtained after two crystallisations from 
ethyl alcohol. 

(3) Resolution with d-yyy-trichloro-8-hydroxybutyric acid. The 
l-desylamine hydrochloride obtained resembled the enantiomorphous 
form in crystalline appearance, melting point, and optical rotatory 
power. In each one of these resolutions, the desylamine hydro- 
chloride obtained had the opposite sign of rotation from that of the 
optically active acid employed. 

Action of Nitrous Acid on d-Desylamine Hydrochloride.—10 C.c. of 
hydrochloric acid (2) were added to a solution of 1-4 g. of d-desyl- 
amine hydrochloride in 20 c.c. of water. A solution of 1-2 g. of 
sodium nitrite in 15 c.c. of water was then gradually added (15 mins.), 
the temperature being kept at 0°. After 5 hours at 0°, a further 
addition of sodium nitrite (0-6 g. in 10 c.c.) was made. Over-night 
in the ice-chest, a yellow, somewhat oily, solid (0-95 g.) was obtained 
which in ethyl alcohol gave: 1 = 2, c = 1:25, ap + 0-76°, [a]p + 
30-4°. The product was crystallised from ethyl alcohol, and the 
colourless, gritty crystals which separated were examined in ethyl 
alcohol: 1 = 2, ¢c = 1-178, a + 0-71°, [a]p + 30-1°. This product 
was partly racemised d-benzoin. It melted indefinitely at 127— 
131°, and reduced Fehling’s solution. 

For comparison, /-benzoin, prepared from /-mandelamide and 
magnesium phenyl bromide (McKenzie and Wren, J., 1908, 93, 
309), was examined in ethyl-alcoholic solution : 1 = 2, ¢ = 1-155, 


ai —3-06°, [a]i* —132-5°. There was, therefore, considerable 
racemisation in the displacement of the amino-group in /-desylamine 
hydrochloride. ; 


d-Desylamine.—The instability of r-desylamine is clear from the 
work of Braun (Ber., 1889, 22, 557), Neumann (loc. cit.), and Pschorr 
and Briiggemann (loc. cit.). We confirmed the observations of the 
last-named authors, obtaining by crystallisation from ether a 
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colourless solid, m. p. 110° (decomp.). This specimen became yellow 
when kept. The d-base exhibits a similar instability. 

18-5 C.c. of sodium carbonate (N/2) were gdded slowly with 
constant stirring to a solution of 2-5 g. of d-desylamine hydrochloride 
in 40 c.c. of water. The bulky, colourless precipitate was filtered 
off, washed three times with water, dried between filter-paper, and 
transferred to a desiccator, where it was kept over-night. The solid 
(1-5 g.) had now become bright yellow. It was found, however, to 
contain a small amount of the hydrochloride. To the filtrate 
from which this 1-5 g. had separated, and which had been kept over- 
night, 1-5 c.c. of sodium carbonate (N /2) were added. After 4 hour, 
the solid which had separated was collected, and dried over-night 
ina vacuum. It amounted to 0-4 g. and was colourless. It melted 
indefinitely at 82—86°, becoming bright yellow. 0-2504 G. was 
made up to 20 c.c. with ethyl alcohol and then gave a) + 5-02° 
(1 = 2), whence [a], -++ 200-5°. After 2 hours at the ordinary 
temperature, this value had fallen to + 4-20°; after 3 hours, the 
value was -+ 3-96°; after 21 hours, + 1-46°, and after 72 hours, 
+ 0-28°. This drop in rotation was apparently mainly due to 
racemisation and not to decomposition, since, when an excess of 
hydrochloric acid was added to the solution giving «p + 0-28° and 
the solution then evaporated to dryness, r-desylamine hydrochloride, 
m. p. 243—245° (decomp.), was obtained. 

The d-base was liberated from d-desylamine hydrochloride 
(1-5 g.) in aqueous solution by the addition of caustic soda in slightly 
under the calculated amount. An oil was first deposited, and this 
solidified in a freezing mixture. It was washed twice with water, 
and dried over-night in a vacuum over sulphuric acid. The yellow 
product melted indefinitely, mainly between 87—89° with pre- 
liminary softening. Yield: 0-9 g. 0-2497 G. was made up to 
20 c.c. with ethyl aleohol, and the rotation taken 5 minutes after 
the addition of the alcohol was begun. The progress of the racem- 
isation is indicated by the following figures (J = 2) : 


Time (hours) ......... — 1 1} 2 34 
GEN acsisccerececsctstese -+4-60° +4-50° +4-40° +4:27° -+3-94° 
Time (hours) ......... 41 5} 7h 24 48 

MBE | SchowewsaessSieristes -+3-°75° -+3-60° +3°34° +1-76° -+-0-62° 
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LXXXIX.—Density and Electrostriction of Dilute 
Manganese Salt Solutions, 


By Atan Newron CAMPBELL. 


It has been pointed out by Valson (Compt. rend., 1870, 73, 441) and 
by Bender (Wied. Ann., 1883, 20, 560) that the densities of salt 
solutions can be calculated with fair accuracy from the equation 
dy, = eye + lta + mo) 

where d, is the density of a solution of the substance in question, 
containing » equivs. per litre, di), the density of an ammonium 
chloride solution of the same normality and m, and m, are moduli 
for the ions of the salt in question. In this paper, the modulus for 
manganese is evaluated from three salts in dilute solution. 

Valson also pointed out that the molecular solution volume of a 
substance is never equal to its molecular volume in the solid state, 
but always less. This contraction is designated “ electrostriction,” 
and attributed to a contraction of the solvent (Drude and Nernst, 
Z. physikal. Chem., 1894, 15, 79). According to Nernst and also 
Polowzow (Z. physikal. Chem., 1911, '75, 513), the electrostriction 
should increase with dilution to a practically constant value, and this 
is usually the case, as shown by Kohlrausch (Wied. Ann., 1895, 56, 
185) and by Lamb and Lee (J. Amer. Chem. Soc., 1913, 35, 1667). 
The latter workers obtain one exceptional electrostriction curve, 
resembling to some extent that of manganese nitrate now described. 
Again, according to Baxter and Wallace (ibid., 1916, 38, 91), the 
electrostriction curves of the alkali halides are normal; they point 
out that. ‘ at least two important influences must be at work, one 
producing expansion, the other contraction,’ and the same con- 
clusion is obvious from the graphs in this paper. 

None of the above investigators draws attention to the fact that 
the value of the molecular volume in the solid state, which determines 
the electrostriction, has no absolute value: it is obviously much 
greater than the true, incompressible volume of the molecules. 
There must therefore be a contraction of the solid on dissolving, and 
only when this is allowed for is it possible to determine whether the 
solvent contracts or not. The expression M(n? — 1)/d(n* + 2), 
where n is the refractive index for light of infinite wave-length, is 
supposed to represent the true molecular volume. The refractive 
indices of the dilute manganese salt solutions used were therefore 
determined, and hence, by the mixture rule, the molecular refract- 
ivities of the solid salts. From these figures the amended electro- 
striction was calculated. 
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EXPERIMENTAL. 


The method used for the determination of density was that of 
Kohlrausch and Hallwachs (Wied. Ann., 1894, 53,14). The density 
determinations given are each the mean of several differing only in 
the fifth decimal place; moreover, the results for very dilute 
solutions were checked on solutions made anew. The solutions 
investigated were in all cases 0-5, 0-3, 0-2, 0-1, 0-05, 0-02, 0-01 
equivalent-normal. As the densities of ammonium chloride solu- 
tions had not previously been determined below 1-0N, it was first 
necessary to determine these, in order to deduce the modulus. The 
figures taken for the densities of the solid anhydrous manganese 
salts were : for the chloride, d = 2-977 (Baxter and Hines, J. Amer. 
Chem. Soc., 1906, 28, 1574), whence its molecular volume in the solid 
state = 42-3 c.c.; for the sulphate, d = 2-954 (Bassermann, 
“ Dichtigkeitsmessungen,’’ Heidelberg, 1873), whence its molecular 
volume= 51-3 c.c. The density of anhydrous manganese nitrate 
is not known, on account of the difficulty of obtaining it pure. An 
approximate calculation of the molecular volume was, however, 
made from the known density of the hexahydrate, assuming the 
water of crystallisation to have the density of ice. The value 
obtained was 39 c.c. Owing to this uncertainty, the refractive 
indices of the solid are not given. 

The volumetric apparatus was standardised before use. The 
solutions were made up in the first place by weighing, and checked 
by analysis. Crystalline, hydrated A.R. salts were used. 

The refractive indices were measured for the hydrogen C and F 
lines, a Zeiss—Pulfrich refractometer being used. Water at 20° 
was circulated through the apparatus, which was standardised with 
pure water. 

It was shown by Bender (Wied. Ann., 1890, 39, 89) that the refrac- 
tive indices of salt solutions can be calculated by means of an 
equation identical with that already given for densities. The 
standard of reference is potassium chloride solution, and moduli are 
deduced for ions other than K’ and Cl’. Here also, the refractivity 
moduli have been deduced and, as a necessary preliminary, the 
refractive indices of potassium chloride solutions determined. In 
the case of the manganese salt solutions, the refractivity modulus, the 
molecular refractivity [R,] of the anhydrous solid salt, and the 
molecular dispersion of the anhydrous solid salt were calculated for 
the concentrations 0-5N, 0-3N, and 0-2N. The specific refractivity 
of the anhydrous solid salt is obtained by means of the mixture 
formula. Below the above strengths, an experimental error of 1’ 
introduces such variations into the derived magnitudes as to render 


Cone 
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them ambiguous; for instance, with 0-1N-manganese chloride, it 
would cause an error of about 25% in the modulus, and a much 
greater error in the molecular dispersion. With the concentrations 
for which calculations have been made, the variations in the latter, 


Ne 


though not great, are not believed to have any theoretical significance. 
The results have therefore been averaged. For the more dilute 
solutions, the refractive index only is given. 

In the tables, the concentrations are given in equivs. per litre, 
Myyn is the density modulus for manganese, and E.-S. is the 
electrostriction (in c.c.) , 


Results. 


Manganese Chloride Soltns. 


Cone. a. = myun X 10%. E.-S. diz. miynaX104. E.-S. 
0-5 1-02599 354 20-4 1-03654 365 46-5 
0-3 1-01587 355 22-3 1-02217 365 48-1 
0-2 1-01033 343-5 19:75 1-01493 374 49-6 
0-1 1-00507 338 17°85 —-1-00733 364-5 46-9 
0-05 1-00240 290 12-45 —- 100366 342 46-7 
0-02 1-00094 300-5 10-8 1-00142 345 42-3 
0-01 1-00047 280 10-45 —-1-00071 320 42-0 
Manganese Niirate Solutions, 

Cone. dis. Miata X 104. E.-S. 

0-573718 1-03685 350 —115 

0-344231 1-02226 346 —10°5 

0229395 1-01493 352 — 9-9 

0-114744 1-00742 348 —10-0 

0-057372 1-00367 325 —12-0 

0-022940 1-00160 445 + 7-0 

0-011474 1-00085 425 + 8-0 


Densities of Dilute Ammonium Chloride Solutions. 


Conc. ais. Conc. ee. 
0-5 1-00828 0:05 1-00095 
0-3 1-00521 0-02 1-00033 
0-2 1-00346 0-01 1-00019 
0-1 1-00169 0-005 1-00009 


Manganese Sulphate Soltns. 


Cr ee ee ae ee 


“e 


A few determinations of the densities of dilute manganese chloride, 
sulphate, and nitrate solutions have been made by Wagner (Z. 
physikal. Chem., 1890, 5, 31) and the agreement is satisfactory. 
Long (Wied. Ann., 1880, 11, 37) has determined the densities of 
more concentrated solutions, but his results appear to be un- 
trustworthy. 


656 CAMPBELL: DENSITY AND ELECTROSTRICTION OF 
Refractive Indices of Solutions at 20°. 
Potassium-chloride. Manganese chloride. Manganese sulphate, 
Conc. No. ny. No. ny. Ne. ny. 
0-5 1-33636 1-34239 1-3380 1-34415 1-33770 1+34378 
0-3 1-33437 1-34044 1-33535 1-34148 1-33535 =1:34141 
0-2 1:33327 1-33918 1-33402 1-34014 1:33377 1-33992 
0-1 1-33228 . 1-33822 1°33254  1-33858 1-33253 1-33866 
0-05 1-33196 1-33785 1-33196 1-33793 1-33171 1-33770 
0-02 133163 1-33756 1°33163 1-33757 1:33131  1-33731 
0-01 1-33147 1-33742 1-33147 1-33742 1-33123 1:33723 
0-005 1-33131 1-33727 — + wat ime 
Pure water 1-33113 1-33713 —_ — — oo 
Manganese Chloride. 
Equiv. norm. Modulus (Mn) x 10%, [Rzle [Rule 
Conc. C line. F line. for anhydrous salt. [Rz]r—[Rilc. 
0-5 3°3 3°5 20°3 20-5 0-217 
0-3 3°3 3°5 20-0 20-4 0-377 
0-2 3°8 4:8 21-2 21-7 0-537 
Means 3°5 3-9 20:5 20°9 0:377 


From the mean values of the molecular refractivities, the refractive 
indices of solid anhydrous manganese chloride were calculated to be : 
ro = 1-96, ny = 2-00. 


Manganese Sulphate. 
[Prec [Rule 
Conc for anhydrous salt. [Rile—[P cle. 
0:5 16-4 16-6 0-151 
0-3 16-4 16-7 0-406 
0-2 15-3 16-1 0-783 
Means 16-0 16-5 0-447 


Hence, refractive indices of solid anhydrous manganese sulphate : 
No = 1-54, ny = 1°56. 


Manganese Nitrate. 


[Rile [Eile 
Conc. for anhydrous salt. [Rrjy—[RrJc. 
0-573718 24:8 25°5 0-657 
0°344231 24-4 25-4 0-91 
0-229395 24-5 25-8 1-54 
Means 24-6 25°6 1-036 


Jones and Getman (Amer. Chem. J., 1904, 34, 303) have deter- 
mined the refractive indices, presumably for the sodium line, of 
manganese chloride, sulphate, and nitrate solutions; the figures they 
obtain for dilute solutions, however, are less than the refractive index 
of pure water, a state of affairs only possible with a concentrated 
solution of a substance of very low refractive index. Otherwise, 
their figures are concordant.amongst themselves. It is suggested 
that their instrument was affected by a constant error. 


T 
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The following table contains the electrostrictions, calculated on 
the assumption that the expression M(n? — 1)/d(n? +- 2) represents 
the true molecular volume of the salt. 


Mn(Ci,. MnSOQ,. Mn(NO,),.. 
Conc. E.-8. Conc. E.-S. Conc. E.-S, 
0°5 — 1-4 0-5 +11-2 0-573718 — 25-9 
0-3 + 0°5 0-3 +12-8 0-344231 — 24-9 
0-2 — 21 0:2 +143 0:229395 — 24-3 
0-1 — 40 0-1 +11-6 0-114744 — 24-4 
0-05 — 9-4 0-05 +11-4 0-057372 — 26-4 
0-02 —11-0 0-02 + 70 0-022940 — 7-4 
0-01 —11-4 0-01 + 6-7 0-011474 — 6-4 

Fia. 1. 


Electrostriction (in c.c.) 
bo 
S 
f 
* 
> 


10 4 = 
0-0 
—10+ 
z * 
—20 — 
50 100 150 200 


Dilution (litres per mol.). 


A. Manganous chloride solutions. 
3 iv sulphate 9 
C. ee nitrate » 


Conclusion. 


In the first place, it is obvious from the tables that the density 
modulus is fairly constant, except at very high dilutions, and there- 
fore the density can be calculated down to 0-1N by using the mean 
modulus of 355. In calculating the modulus from sulphate and 
nitrate solutions, it was necessary to employ the accepted moduli 
for }SO, and NO, (200 and 150, respectively). 

The forms of the electrostriction curves are remarkable. Exactly 
the same forms of curves are given by Wagner’s figures (loc. cit.). 
Presumably the maxima indicate, as suggested by Baxter and 
Wallace (loc. cit.), the existence of two opposing processes, one 

Z 
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preponderating on each side of the maximum. The forms of the 
curves are of course independent of the values assigned to the 
densities and molecular volumes of the anhydrous solid salts. 

It would appear from the last table that the effect of calculating 
with the “ true molecular volume” is to indicate, in the cases of 
manganese chloride and manganese nitrate solutions, a negative 
electrostriction, i.e., an expansion of the solvent. 

UNIVERSITY OF ABERDEEN. [Received, November 10th, 1927.] 


XC.—Equilibrium between Alcohols and Salts. 
Part II. 


By Exzis Liuoyp, Conrap Brvan Brown, Davin GLYNWYN 
Rosert BoNNELL, and WILLIAM JACOB JONES. 


INVESTIGATION has been continued on the lines already described 
(J., 1926, 318, 321). The compositions of the solid phases have 
also been investigated by Bagster’s method (J., 1917, 111, 494). 

The density, without correction of the weighings to vacuum, of 
the methyl alcohol used was d% 0-78661, and that of the ethyl 
alcohol 0-78505. In the case of the higher aliphatic alcohols, the 
purest commercial product was first fractionally distilled and then 
further purified by the method employed by Orton and Jones 
(J., 1919, 445, 1194) for n-butyl alcohol. The alcohol thus purified 
was dried, first by standing over anhydrous potassium carbonate, 
and théh by refluxing over calcium turnings until further boiling 
effected no change in the density of a sample distilled off, whereupon 
the distillate was accepted for use. The boiling points at 760 mm. 
and densities (d%") were : n-propyl alcohol, 97-3°, 0-79970; n-butyl 
alcohol, 117-7°, 0-80569; n-amyl alcohol, 137-2°, 0-80942; isoamyl 
alcohol, 130-8°, 0-80484. The benzyl alcohol, purified by fractional 
distillation under reduced pressure, had d? 1-0402. 

The salts were purified by the method previously described, with 
the exception of the magnesium chloride and nitrate, both of which 
were prepared in the form of their alcoholates by crystallisation 
from the filtered alcoholic extracts of the ignited salts, the whole 
preparation being conducted in a closed apparatus out of contact 
with the air. The degree of purity of the salts was: CoCl,, HgBr, 
each 99-4%; Cal,, 99-6%; CdBr,, CdI,, CuCl,, NiBr,, each 99-8%; 
LiCl, CaCl,, CaBr,, SrBr,, BaBr,, Ba(NO,;),, MgCl,,6CH,-OH, 
MgCl,,6C,H,-OH, CdCl,, CoBr,, FeCl,, each 99-99%; NaBr, Nal, 
KBr, Mg(NO;)2,6CH;-OH, Mg(NOs;),,6C,H,-OH, Ca(NO;)., Hg(l, 
NiCl,, AICl,, each 100-0%. 
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Determinations of solubility in methyl alcohol over ranges of 
temperature have been carried out by Menschutkin (Z. anorg. 
Chem., 1907, 52, 9) on calcium chloride, magnesium bromide, and 
magnesium iodide; by Ktard (Compt. rend., 1892, 1414, 112; Ann. 
Chim. Phys., 1894, 2, 555) on mercuric and cupric chlorides; by 
Lemoine (Compt. rend., 1897, 125, 604) on lithium chloride; and 
by Centnerszwer (Z. physikal. Chem., 1910, 72, 431) and Tyrer 
(J., 1910, 97, 621) on potassium iodide. 

The solubilities of strontium bromide and of sodium iodide in 
ethyl alcohol have been determined, respectively, by Fonzes-Diacon 
(J. Pharm. Chim., 1895, 1, 59) and by King and Partington (J., 
1926, 20). 

The higher alcoholates have been but little investigated. Etard 
(loc. cit.) measured the solubilities of mercuric and cupric chlorides 
in n-propyl, isopropyl, isobutyl, amyl, and allyl alcohols. Men- 
schutkin (loc. cit.) prepared the hexa-alcoholates of magnesium 
bromide and iodide with n-propyl, isobutyl, and isoamyl alcohols, 
and he also investigated the solubility of the bromide in these 
alcohols. Loeb (J. Amer. Chem. Soc., 1905, 27, 1019) described a 
sodium iodide n-propyl alcoholate. Turner and Bissett (J., 1913, 
103, 1904; 1914, 105, 1783) prepared the tetra-alcoholates of the 
lithium halides with various higher alcohols, and made determin- 
ations of the solubilities of the alkali halides at 25°. 

As regards solvent power for salts, methyl alcohol was placed 
intermediate between water and ethyl alcohol by Dumas and 
Péligot (Ann. Chim. Phys., 1835, 58, 18), whilst von Weimarn 
(J. Russ. Phys. Chem. Soc., 1908, 40, 1126) placed the alcohols in 
the order: methyl, ethyl, propyl, butyl, and amyl. These rules, 
however, are liable to exceptions; e.g., the greater solubility of 
calcium chloride and bromide in n-butyl alcohol than in n-propyl 
alcohol. 

In the calculation of dissociation pressure in the gas-current 
method adopted in the present investigation, Dalton’s law is assumed 
to hold for a mixture of air and alcohol vapour at pressures of 
alcohol which are below the saturation point. In order to see 
how far the alcohol vapour in the mixtures deviates from the ideal, 
we have compared the value of pv (p denoting the pressure of 
alcohol in mm. of mercury, and v its molecular volume in c.c.) 
given by the ideal-gas equation with that given by the van der 
Waals equation, which, despite molecular association on the part 
of the alcohol, gives the order of magnitude of the deviation. Thus, 
even in the experiment in which the deviation is greatest, for a 
pressure of methyl alcohol of 95-2 mm. at 60°, the value of pv 
given by the ideal-gas equation is 2-0773 x 10’, whilst that given 
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by (p + 7-224 x 10°/v?)(v — 66-91) = 62,3647’, the van der Waals 
equation for methyl alcohol, is 2-0747 x 10’, an agreement which 
justifies the application of Dalton’s law. Further, it is assumed 
that the vapour which passes over in the current of air is the 
alcohol itself, and not one of its products of decomposition. This 
point was tested by condensing the alcohol carried away from an 
ethyl-alcoholate by the passage of dry air under the conditions of 
the experiments. The condensed alcohol was found to be free 
from ether and water, and to contain only a negligible trace of 
aldehyde. The influence of total pressure on the dissociation 
pressure in the present experiments can be safely ignored. In the 
following tables, each value of a dissociation pressure given is the 
mean of several determinations. 

The maximum work, A, obtainable by the isothermal vaporisation 
of a liquid to give 1 g.-mol. of a vapour which conforms with the 
van der Waals equation, followed by the expansion of the vapour 
to the dissociation pressure in a univariant system with two solid 
phases and by the combination of the vapour with one of the 
solids in the system, is given by the equation 


3 V—b RTH(V — v) 
mines 3 is (V — b)(v— 6b) 


2a(V — 0) _ py _ P(r — %). 


oV n 


Here v denotes the molecular volume of the vapour in equilibrium 
with the liquid, V that of the vapour in equilibrium with the two 
solid phases, a and 6 the constants in the van der Waals equation, 
P the saturated vapour pressure, p the dissociation pressure, the 
number of g.-mols. of the vapour which combine with one formula- 
weight (in grams) of the solid to give the addition compound, and 
v’, v,, and v, the volumes occupied by the formula-weight (in 
grams) of the liquid, reacting solid, and solid addition compound, 
respectively. Thus, for the dissociation of magnesium nitrate 
hexa-methyl-alcoholate at 60°, the value of the pressure, 95-2 mm., 
on being substituted in the van der Waals equation gives V = 
217,927 c.c., and the vapour pressure of methyl alcohol, 624-3 mm., 
gives 32,992 c.c., the value of n is 6, and the volumes of the con- 
densed phases are v’ = 41, v, = 66, and v, = 274; whence A is 
calculated by the above equation to be 3-8896 x 107 (mm. of 
mercury) X (c.c.), or 1240-0 cals. If terms of low magnitude be 
ignored, the loss of free energy per g.-mol. of vapour on formation 
of the addition compound is given by RT7' log, (P/p). In the case 
of the above example this expression has the value 1245-5 cals. 
The variation of the dissociation pressure of an alcoholate with 
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temperature is, in general, such that over a moderate range the 
logarithm of the pressure is sensibly a rectilinear function of the 
reciprocal of the absolute temperature. Thus for magnesium 
nitrate hexa-methyl-alcoholate, the equation log,, p = 11-02341 — 
3006-63/7' gives at 30°, 40°, and 50° the pressures 12-7, 26-3, and 
52-2 mm., respectively, whilst the direct determinations from the 
results of which the equation has been calculated give the respective 
values, 12-7, 26-3, and 52°3 mm. This form of variation is con- 
sequent on the fact that, when the heat of dissociation is great in 
comparison with the molecular heats of the substances involved, it 
is practically independent of temperature. If Q@ denote this heat 
per g.-mol. of alcohol vapour, and if it be assumed constant, inte- 
gration of Clapeyron’s equation gives the relation log. p = I — 
Q/RT, wherein J is the constant of integration. Thus for the 
given example, Q, which may be assumed to be the true heat of 
dissociation at the middle temperature, 40°, of the range, has the 
value 13,766 cals. 

Between alcohols and salts there occur in many cases more 
profound reactions than solvation, ionisation, and alcoholysis. 
Such reactions are marked by their difficultly reversible character, 
and they often result in decomposition of both salt and alcohol. 
Thus, aluminium chloride when added to either methyl or ethyl 
alcohol gives an immediate violent evolution of hydrogen chloride. 
Ferric chloride does not react so vigorously, but its saturated 
solutions in both alcohols on standing at temperatures above 50° 
yield chloroform and deposit a red ferric precipitate, whilst they 
evolve hydrogen chloride on boiling. Below 50° the solubility of 
ferric chloride in these alcohols can be determined, although there 
is evidence of the slow formation of ethyl chloride in the ethyl- 
alcoholic solution. Even cupric chloride, when its saturated solution 
in ethyl alcohol is boiled, yields traces of chloroform. 


EXPERIMENTAL. 


Results. 


In the following tables solubility is given as g. of salt per g. of 
alcohol, and pressure as mm. of mercury. 


Solubility in methyl alcohol. 


Temp. LiCl. NaBr. KBr. CuCl,. BaBr,. Ba(NOQ;).. Cal,. 
0° 0-452 0-173 0-0182 0-565 0-444 0-00070 1-164 
10 0-442 0-170 0-0193 0-574 0-431 0-00065 1-211 
15 0-440 0-169 0-0200 — 0-425 — 1-237 
20 0-438 0-168 0-0208 0-586 0-419 0:00057 1-261 
30 0-438 0-165 0-0223 0-600 0-409 0-00052 1-312 
40 0-441 0-161 0-0237 0-618 0-402 0-00048 1-368 
50 0-444 0-158 0-0255 0-644 0-394 0-00042 1-422 
60 0-446 0-153 0-0274 0-664 0-388 0-00040 1-488 
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Temp. CaBr,. 

0° «0-504 

10 0-520 

15 0-536 

20 0-562 

25 — 

30 0-629 

40 0-719 

50 0-832 

60 0-978 

65 1-056 

70 — 

Temp. Nal. 

10° 0-650 
20 0-729 
22 -- 
25 0-780 
27 0-813 
28 0-818 
30 0-814 
35 = 
37 — 
38 ~- 
40 0-807 
50 0-801 
60 0-794 
70 = 
72 — 
73 — 
80 -- 


MgCl,. Mg(NOs;),. CdCl, CdBr,. 
0-155 — —_ 0-099 
0-157 0-157 — — 

—_ — — 0-135 
0-160 0-173 0-0215 0-162 
— — — 0-184 
0-167 0-209 0-0266 0-211 
0-178 0-233 0-0344 0-245 
0-190 0-269 0-0444 0-310 
0-204 0-350 -- 0-439 
Ca(NO,),. SrBry,. HgBr,. 
1-341 1-150 0-535 
-— 1-194 0-653 
~= — 0-703 
— — 0-716 
— 1-234 0-721 
1-442 1-255 0-760 
— 1-296 0-819 
1-580 1-361 0-851 
1-685 1-446 _ 
1-707 a= ~~ 
1-711 — — 
1-693 = — 
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NiBr,. 
0-330 


0-351 
0-381 
0-433 


0-491 
0-537 


0-596 
CoBr,. 


0-430 
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The solubility of ferric chloride in methyl] alcohol is 1-31 at 0°, 


1-43 at 15°, and 1-61 at 30°. 


accepted with reserve (see p. 661). 

The following solubilities in methyl alcohol have been recorded : 
lithium chloride at 1°, 0-055; at 23°, 0-170 (Lemoine, loc. cit.) ; at 25°, 
0-4236 (Turner and Bissett, loc. cit.) : sodium bromide at 18-5°, 0-170 
(Lobry de Bruyn, Z. physikal. Chem., 1892, 10, 782): potassium 
bromide at 25°, 0-0151 (Lobry de Bruyn), 0-0217 (Turner and Bissett): 
cadmium chloride at 25°, 0-0171 (Lobry de Bruyn) : cadmium iodide 
at 20°, 2-20 (Timofejeff, Compt. rend., 1891, 442, 1224): sodium 
iodide at 22-5°, 0-777 (Lobry de Bruyn); at 25°, 0-913 (Herz and 
Kuhn, Z. anorg. Chem., 1908, 60, 154), 0-9035 (Turner and Bissett). 


Dissociation pressures of methyl-alcoholates (A denotes CH,°OH). 


CuCl,,2A 
MgCl,,6A 
Mg(NO;),,6A 


CoCl,,3A 
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In the following table and in the corresponding table relating to 
the ethyl alcoholates are given (1) the compositions of the solid 
phases, the successive stages of de-alcoholation being indicated, 
(2) the dissociation pressures at 20° measured by the static method 
of Bagster (loc. cit.), and (3) the transition points. The solid 
phase in equilibrium with the saturated solution at 20° is in each 
case marked with an asterisk. In the case of each salt the alcoholate 
given last in the column headed “ Solid phase ” is the lowest, and on 
dissociation yields the non-alcoholated salt, e.g., Mg(NO,),,6CH,-OH 
on further withdrawal of alcohol yields Mg(NO,), directly. Results 
of analysis are given only where the alcoholates are described for 
the first time. 


Methyl-alcoholates. 
Salt in solid phase, %. Dissoc. 
press. in Transition 
Solid phase. . Found. Calc. mm. at 20°. point. 
LiCl,3CH,-OH ......... “= -- -— 0-1° 
*CuCl,,2CH,-OH ...... 65-0 67-7 dace ake 
*CaI,,6CH,-OH eeeeeeeee 60-3 60-5 47 — 
Cal,,2CH,-OH......... 81-2 82:1 20 a 
*Mg(NO,),,6CH,-OH 46-9 43-6 — — 
*CdCl,,3CH,-OH ...... 64-9 65-6 94 21-8 
CdCl,,2CH,-OH ...... 74:3 74-1 29 — 
CdCl,,14CH,-O8H ...... 79-4 79-2 19 — 
*CdBr,,3CH,'OH ...... 74-5 74:0 94 29-0 
CdBr,,2CH,-OH ...... 80-8 80-9 26 — 
CdBr,,14CH,-OH ... 84:5 85-0 15 on 
*NiBr,,6CH,-OH ...... 53:0 53-2 17 48 
*NalI,3CH,-OH ......... 60-3 60-9 — 27-4 
*Ca(NO,),,2CH,-OH... 71-6 71:9 seas 72-2 
*SrBr,,14CH,-OH ...... 841 83-7 25 45-7 
SrBr,,}CH,-OH ...... 94-2 93:9 11 — 
*HgCl,,CH,-OH_...... 89-7 89:5 55 oe 
*HgBr,,CH,-OH ...... 93-4 91-8 74 22 
*CoCl,,3CH,OH ...... 57-3 57-5 30 37:1 
CoCl,,2CH,‘OH ...... 66-9 67-0 15 oes 
*CoBr,,6CH,-OH ...... 53-6 53-2 31 40 
CoBr,,3CH,-OH ...... 69-5 69-5 17 — 
CoBr,,2CH,-OH ...... 78-0 17-4 10 ae 


Throughout the investigated ranges of temperature, sodium 
bromide, potassium bromide, barium bromide, barium nitrate, and 
cadmium iodide exist in equilibrium with their respective saturated 
solutions as the non-alcoholated salts. So also does lithium chloride 
above 0-1°. In the case of magnesium chloride, the solid phase 
consists of MgCl,,6CH,*OH, which dissociates directly into MgCl. 
Calcium bromide in contact with the alcohol gives the tetra- 
alcoholate, the dissociation of which has already been investigated 
(J., 1926, 326). The tri-alcoholate of cobalt chloride is coloured 
amethyst, and the di-alcoholate a light purple-pink. The hexa- 
alcoholate of cobalt bromide forms reddish hexagonal columns, the 
tri-alcoholate is light blue, whilst the di-alcoholate is pale pink. 
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vi 
Solubility in ethyl alcohol. 

Temp. CuCl, | MgCl, Mg(NO,).. CdCl. HgBr, . CoCl,. os 
Mg 
0° 0-423 0-0361  0-0147 — 0-273 0-450 Mg 
10 0-460 0-0434 — 0-0130 0-282 0-486 Ca 
20 0-500 0-0560 0-0307° 0-0148 0-286 0-544 Co 
30 0-541 0-0740 0-0539  0-0166 0-316 0-626 Ca 
40 0-583 0-1000 01086 —-0-0191 0-340 0-674 Srl 
50 0-639 0-1280 06-1653 — 0-0228 0-362 0-651 Od 
60 0-708 0-1589 0-2423 —0-0278 0-423 0-668 Co 
65 if 0-1720 Sth 0-0286 — — | 

70 Ly 0-1863 0-3402  0-0253 0-463 0-729 

80 spe — 0-3263 — — 0-703 

Temp. Ca(NO3,)>. SrBr,. CdBry. CaI,. CoBr,. 

10° 0-462 0-636 0-269 — 0-706 
20 0-514 0-639 0-300 1-105 0-771 *C 
30 0-562 0-649 0-335 1-081 0-849 +) 
40 0-629 0-735 0-378 1-038 0-959 *C 
45 — — 0-393 — — *C 
50 0-735 0-752 0-381 1-027 1-050 *C 
60 0-821 0-755 0-303 1-033 1-208 C 
70 0-901 0-757 0-223 1-034 1-271 *( 
80 0-918 0-778 — 1-037 1-294 ¢ 
* 


In the case of ferric chloride and ethyl] alcohol, a retroflex region 
is encountered, the solid phases consisting of FeCl,,2C,H,;-OH and 
FeCl,. The congruent melting point of the di-alcoholate is 50°. 10 
The eutectic point for FeCl, and the di-alcoholate is 20-6°. The m 
di-alcoholate crystallises in flat prisms. Details regarding this Ww. 


region are given in the following table. th 
al 
Solubility (g. FeCl, per g. of C,H,-OH) and solid phase. ck 
Temp. FeCl. FeCl,,2C,H,-OH.  FeCl,,2C,H,-OH. 
0° — — 1-36 
15 — — 1-41 
20-6 *1-99 *1-99 *1-44 
30 2-03 *1-94 *1-49 
40 2-07 *1-87 *1-55 Nn- 
50 — *1-76 *1-76 is 
B 


* The values thus marked were obtained by thermal analysis, the remaining 
values being determined by direct analysis. These results are somewhat 
imprecise (see p. 661). 


ss 


Previously recorded solubilities are: cobalt chloride at 13°, 0-56 
(Bourion, Compt. rend., 1902, 134, 555, who describes the solid is 
phase as 2Co(Cl,,5C,H,-OH): cadmium chloride at 15-5°, 0-0152 B 
(Lobry de Bruyn, loc. cit.); at 20°, 0-0391 (Jahn, Ann. Physik, 
1891, 43, 296): cadmium bromide at 20°, 0-349 (Jahn): cadmium 
iodide at 20°, 1-13 (Timofejeff, loc. cit., who notes that no compound 
is formed): strontium bromide, about 0-645 and nearly constant 
between 0° and 40° (Fonzes-Diacon, loc. cit., who gives the formula 
of the alcoholate as 2SrBr,,5C,H,;*OH). 
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Dissociation pressures of ethyl-alcoholates (A denotes C,H,*OH). 


-. 2.. 2. 2. .30.. @. BF 
CO AaeE * cecccsececss 196 31:3 — 43-3 —_ 62-0 — 
MgCl,,6A .......000.. die 102 — 32 = — 895 — 
Mg(NO,),,6A ......... 24 62 97 145 225 323 — 
COREE... cncesosenee, 20-5 29-6 o 40-5 a 54-0 — 
we) Geri tieeres 0-85 221 367 554 — — — 
Ca(NO,),,2A ......... -= 13-8 -- 27-8 _ 55-3 — 
— eee 8-0 15-2 — — — —oe — 
CdBr,,1$A ...0.000.0. wae eee) eee me 
COMMER oo sinenis.ce 1-51 4-16 — 10-5 — 25-6 50-6 
Ethyl-alcoholates. 
Salt in solid phase, %. Dissoc. 
press. in Transition 
Solid phase Found Cale mm. at 20°. point. 
MADR cnccisenesccose 57-1 59-4 — — 
*Mg(NO,j).,6A ......... os — 6 67-5° 
*CdCl IZA — ...s00.0000 75-3 72-7 30 63-5 
*CdBry,1$A  .:........0. 79-7 79-8 41 47-2 
| ee 48-4 48-5 2 38 
OOMGBA o.didid....005 57-9 58:5 1 — 
gh Oe | ee ere 63-0 61-3 4 65 
Oma overecenecqess 70-7 70-4 2 — 
*Ca(NO,)o,2A  ......ee eat a 14 65-6 
Beg he: discs. .scnsincs 92-3 91-5 14 40-5 


Within the ranges of temperature investigated, neither cadmium 


iodide nor mercuric bromide is ethyl-alcoholated. 


In the case of 


magnesium chloride, the solid phase consists of the hexa-alcoholate, 
which on withdrawal of alcohol dissociates directly to MgCl,. In 
the above table in the case of every salt the formula of the lowest 


alcoholate is given. 


The tri- and the di-ethyl-alcoholates of the 


chloride and bromide of cobalt are blue. 


Alcohol. 


eeeeee 


Alcohol. 
n-Propyl 
n-Butyl 


eeeeee 


eeesee 


Solubility in higher alcohols. 


Cupric chloride. 


20°. 20°. 30°. 40°. 50°. 60°. 

0-200 0-247 0-294 0-342 0-377 0-411 

0-107 0-121 0-142 0-166 0-210 0-252 

0-0140 0-0165 0-0214 0-0302 00440 0-0612 

Calcium chloride. 
-. 10°. 6. 30°. 40°, 50°. 60°. 70°. 
. 0-083 0-119 0-158 0-200 0-245 0-291 0-349 — 
0-162 0-214 0-257 0-291 0-316 0-335 0-348 — 

— 0-070 0-115 0-170 0-226 0-285 0-344 0-413 

— 0-030 0-072 0-121 0-170 0-228 0-269 0-316 

— 0-0210 0-0182 0-0164 0-0145 0-0134 0-0125 — 

Calcium bromide. 

,. 2. 20°. 30°. 40°. 50°. 60°. 70°. 
0:066 0-130 0-225 0-350 0-492 0-634 0-768 —_ 
0-183 0-253 0-339 0-437 0-543 0-648 0-752 — 

— 0-174 0-253 0-340 0-430 0-515 0-623 0-745 

— 0-217. 0-256 0-299 0-369 0-434 0-500 0-562 

— 0-129 0-150 0-170 0-177 0-174 0-172 0-170 


gs gh: —- ne 
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Higher alcoholates. 


In contact with the alcohol, cupric chloride forms green, needle- 
shaped crystals of the di-alcoholate, except with n-propyl! alcohol, 
with which it forms no alcoholate under the conditions of the 
present experiments, whilst calcium chloride and bromide form tri- 
alcoholates (CuCl,,2iso-C;H,,,OH: Found, CuCl,, 42-2; calc., 
43-3%. CuCl,,2C,H;-CH,-OH : Found, CuCl,, 39-6; calc., 38-4%. 
CaCl,,3n-C,H,OH: Found, CaCl, 361; calc,  38-0%. 
CaCl,,3n-C,H,OH: Found, CaCl, 31:7; cale., 333%. 
CaCl,,3n-C;H,,OH: Found, CaCl, 27:0; calc. 29-5%. 
CaCl,,3iso-C;H,,,OH: Found, CaCl,, 27:0; calc. 29-5%. 
CaCl,,3C,H;-CH,,OH: Found, CaCl, 249; cale., 25-5%. 
CaBr,,3n-C,H,,OH: Found, CaBr,, 50:8; calc, 526%. 
CaBr,,3n-C,H,°OH : Found, CaBr,, 45-1; cale., 47-4%. 
CaBr,,3n-C;H,,OH: Found, CaBr,, 41:2;  cale., 43-1%. 
CaBr,,3iso-C;H,,OH: Found, CaBr,, 42:6; calc. 431%. 
CaBr,,3C,H;*CH,-OH : Found, CaBr,, 37:9; calc., 38:2%). The 
dissociation pressures of these compounds (Part I, loc. cit., p. 328) 
indicate that the alcoholates of calcium bromide are generally 
more stable than those of calcium chloride, but in contact with the 
saturated solution the benzyl-alcoholate of calcium bromide breaks 
down into its components at 32°. 


We desire to record our indebtedness to the Chemical Society 
for a grant which partly defrayed the expenses incurred in this 
investigation. ; 
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XCI.—Studies of Dynamic Isomerism. Part XXVI. 
Consecutive Changes in the Mutarotation of Galactose. 


By GiLBerTt FREEMAN SmitH and THomas Martin Lowry. 


In a paper on the “ Dynamic Isomerism of the Reducing Sugars,” 
recently contributed by one of us (Z. physikal. Chem., Cohen Fest- 
band, p. 125), a detailed examination was made of the evidence 
for the unimolecular character of the mutarotation curves for glucose. 
The conclusion was reached that, even under the most diverse 
conditions of catalysis, the mutarotation of glucose and of tetra- 
methyl glucose conforms strictly to the unimolecular law, within 
the limits of experimental error,* although transient perturbations 


* Inflected curves have been observed, however, on two occasions when 
mutarotation was initiated by the addition of a drop of dilute acid or alkali 
to a solution of tetra-acetyl glucose in dry ethyl acetate. 
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during the initial stages of the action are not excluded by the 
experimental data there cited. The unimolecular character of the 
curves can, however, be reconciled with the existence of an indefinitely 
large proportion of an intermediate » form of the sugar, provided 
that the velocity coefficients and optical rotations of the three forms 
are distributed symmetrically, since under these conditions the first 
stage of the transformation proceeds according to the unimolecular 
law, whilst the second stage (which would give rise to an inflected 
curve) is not accompanied by any marked change of rotatory power. 
The real existence of this hypothetical second stage was established 
by comparing the rate of change of rotatory power with the rate of 
increase of solubility of glucose in aqueous alcohol, since this com- 
parison showed that the chemical changes last about twice as long 
as the mutarotation, and therefore continue for a period of several 
hours after the changes of rotatory power are complete. 

In the analogous case of galactose it has been generally (but 
erroneously) assumed that the mutarotation also proceeds accord- 
ing to a unimolecular law. Evidence of the existence of con- 
secutive chemical changes was found, however, by Riiber and his 
colleagues (Ber., 1926, 59, 2266; compare Ber., 1922, 55, 3136, 
3142) in the fact that the dissolution of the «-sugar in water at 20° 
gives rise to an expansion during the first 15 minutes, followed by a 
contraction, which only becomes logarithmic after 50 minutes have 
elapsed. In the same way they found that the initial stages of 
mutarotation are accompanied by an absorption of heat, which lasts 
for about 13 minutes at 0°, whereas the later stages are accompanied 
by a liberation of heat. The mutarotation of «-galactose is there- 
fore associated with two consecutive changes of structure, which 
give rise to energy changes and volume changes of opposite sign, as 
we should expect them to be if the intermediate u-compound is 
related in a symmetrical manner to the stereoisomeric «- and 8-sugars. 
No analogous indications of the complexity of the process were 
obtained, however, from their observations of mutarotation, which 
appeared to be accurately unimolecular. 

Anomalies in the Mutarotation of «-Galactose—The present 
paper originated in an attempt to establish a standard value for 
the velocity coefficient of galactose, as had already been done in 
the case of glucose (J., 1927, 1736), as a preliminary to the deter- 
mination of a catalytic catenary for the sugar. We found, however, 
that our mutarotation curves made no approach to the unimolecular 
law, since the velocity coefficient fell progressively from k, = about 
0-025 at 7 minutes to a limiting value of about 0-019. A survey 
of the literature confirmed the view that the mutarotation of 
galactose is not a simple unimolecular change. Thus, two of 
Urech’s early experiments (Ber., 1885, 18, 3047) gave velocity 
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coefficients ranging irregularly from 0-0092 to 0-0153 and from 
0-0071 to 0-0122, but the third showed a progressive decrease from 
0-0132 to 0-0048 in the course of 11 hours at 14°. Since this decrease 
was attributed to a secondary transformation of the sugar (similar 
to that which results from the action of alkalis; compare Lobry de 
Bruyn, Rec. trav. chim., 1895, 14, 201), Urech’s observations were 
cited by Riiber and Minsaas, together with the more exact investig- 
ation of Osaka (Z. physikal. Chem., 1900, 35, 668), as evidence that 
the mutarotation of galactose ‘‘ proceeds according to the simple 
logarithmic equation of a reaction of the first order.” Osaka’s 
conclusion, ‘‘ that the course of the alterations of rotatory power of 
the sugars, on which observations have been made, can be expressed 
by the velocity-formula for a reaction of the first order,” appears 
to have been justified for most of the eight sugars for which data 
had been given by Tollens and his colleagues (Annalen, 1890, 257, 
164; 1892, 274, 60); but an inspection of the tables shows that his 
velocity coefficient for galactose decreased progressively from 0-0120 
to 0-0088 at c = 10-20 and from 0-0131 to 0-0076 at c = 11-08; his 
average value was therefore derived from numbers which show 
a systematic variation of from 50 to 80% from the limiting value. 
In the same way, we found that the average value, k = 0-00479 
(logarithms to base 10), given by Mackenzie and Ghosh (Proc. Roy. 
Soc. Edin., 1914, 35, 22) for the velocity coefficient of a 2-175% 
solution of galactose at 12-5°, was based on data which showed a 
progressive decrease from k = 0-0080 at 8 minutes to k = 0-0036 
at 166—323 minutes. The data of Riiber and Minsaas, on the other 
hand, gave steady values for the velocity coefficient of «-galactose ; 
but, since their first value was based on readings taken 20 and 30 
minutes after dissolution, it is not surprising that they should have 
overlooked an anomaly which is really conspicuous only during the 
first 10 minutes. 

Although the earlier data thus confirmed unanimously the 
large deviations from the unimolecular formula which we had 
observed in the mutarotation of «-galactose, we took the precaution 
of repeating the observations with specially purified samples of the 
sugar, which was recrystallised for this purpose from acetic acid 
and from alcohol according to a method for which we are indebted 
to Professor Haworth; similar results were also obtained when the 
polarimeter tube was kept at 0-2°. Finally, since the velocity 
coefficients covered just the same range of values at concentrations 
of 24, 5, 10, and 15 g. of galactose in 100 c.c. of solution; it was 
clear that the action could not be multimolecular; we therefore 
concluded that the mutarotation was probably of a type which 
could be expressed by means of an equation involving two or more 
consecutive unimolecular changes. 
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Anomalies in the Mutarotation of 8-Galactose.—Although Riiber 
and Minsaas recorded a steady value for the velocity coefficient of 
8-galactose from 10—20 minutes and onwards, Hudson and 
Yanovsky (J. Amer. Chem. Soc., 1917,39, 1022) had already observed 
the anomaly of a minimum rotation in a solution of «- and $-galactose 
in water, which had been diluted with alcohol to a concentration of 
60%. We therefore made a fresh study of the mutarotation of 
8-galactose in order to see whether the anomaly which we had 
observed in «-galactose could be detected when mutarotation took 
place in the reverse direction. Our first sample, prepared by the 
method of Hudson and Yanovsky, gave [«];4¢., = 66°, whilst the 
second and third samples both gave [«];4,; = 63-5°, no further 
reduction of rotatory power being produced when the second sample 
was washed four times more with 80°% alcohol. A rough estimate 
of the rotatory dispersion of galactose showed that Hudson’s value 
for the 8-sugar [«], = 52° would correspond with a specific rotation 
[*|54¢1 = about 61°. This rotation is 2° less than our minimum, 
but, if deduced by extrapolation to zero time, would be appreciably 
too low, in view of the slowness with which mutarotation takes place 
during the first few minutes. We therefore think it probable that 
our sample was substantially pure, and suggest that an initial 
rotation [«]54g; = 63-5° may be accepted as a provisional standard. 
This rotatory power remained constant, within the limits of experi- 
mental error, during a period of about 4 minutes; the rotation then 
increased rapidly, giving rise to an inflected mutarotation curve, 
with a maximum slope at about 10 minutes. The velocity coefficient, 
on the other hand, increased progressively from zero to a limiting 
value which was identical with that finally reached by the «-sugar. 

Analysis of the Mutarotation Curves.—The view that ‘“ the inter- 
conversion of «- and 8-glucose depends on the splitting of the oxide 
ring ’’ and that “ the aldehydic form of the sugar or its hydrate . . 
is a necessary intermediate product in the conversion of «- into £- 
glucose or vice versa”’ (J., 1904, 85, 1565) implies that the muta- 
rotation of the «- or $-form of a reducing sugar depends on two 
consecutive unimolecular changes, as set out in the scheme 
Le 
Ss See 

ky kk 
% u @ 


x zZ 


Equations for an action of this type were therefore worked out at 
the request of one of us by Mr. H. Klugh in 1903, and a more com- 
plete analysis, in collaboration with Mr. W. T. John, was published 
in 1910 (J., 97, 2634); but the only inflected mutarotation curves 
that have been studied hitherto (Lowry and Glover, J., 1913, 103, 
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913) were too complex to be expressed by the preceding scheme; the 
data now recorded therefore provide the first opportunity that has 
arisen of completing this mathematical analysis. 

Before giving an account of this investigation, however, we wish 
to make it clear that we are more concerned to demonstrate the 
process by which the analysis has been carried out than to attach a 
precise physico-chemical meaning to the results to which it leads, 
since these can only be regarded as valid when the fundamental 
assumptions on which the formule depend have been verified. In 
particular, the values deduced for the equilibrium concentration, 
Yo, and the rotatory power, u, of the intermediate sugar, depend on 
the hypothesis that only three sugars are concerned in the final 
equilibrium, viz., the «- and @-sugars (6-ring oxides) and the inter- 
mediate (open-chain) y-sugar, whereas we should prefer to postulate 
also the presence of a pair of y-sugars (or 5-ring oxides), making 5 
sugars in all. Whilst, therefore, our data can be represented com- 
pletely by the empirical equations for 3 isomerides, we do not regard 
this as a proof that only three sugars are present in the final equili- 
brium, since we should then be obliged to admit the unimolecular 
form of the mutarotation curves of «- and 8-glucose as evidence that 
only two isomerides are formed in an aqueous solution of glucose. 
Again, since a mathematical analysis is only practicable when the 
y-sugars are ignored, we have not thought it necessary to discuss the 
limits of error of our empirical equations, and have therefore solved 
them as if the arbitrary constants which they contain were 
mathematically exact. 


Empirical Equations for the Mutarotation Curves. 
(a) Numerical Data.—The following data were available for the 
analysis of the mutarotation curves for aqueous solutions of «- and 


8-galactose at 20°. 
TABLE I. 


Mutarotation of «- and ®-Galactose at 20°. 


1. a-Galactose : first sample, recrystallised from 80% EtOH. 
(a) 23% (4 dm.) 6 = 16-69 0, = 9-12 k,, = 0-0187 


(b) 5% (2dm.) 6 = 16-55 0, = 8-92 k, = 0-0188 
(c) 10% (2dm.) 6 = 31-03 6, = 17-20 k, = 0-0189 
(d) 10% (2dm.) 6, = 33-09 6,, = 18:15 k,, = 0-0187 
(e) 15% (2dm.) 0, = 45°42 0, = 24-84 k,, = 0-0186 
(f) 15% (2dm.) 6, = 48-88 6,, = 27:20 k,, = 0-0189 


2. a-Galactose : (a) second sample, recrystallised twice from 80% EtOH. 
(6) third sample, recrystallised from acetic acid. 
(c) fourth sample, recrystallised from acetic acid and 80% 
EtOH. 
(a) 10% (2 dm.) 0, = 33-63 0,, = 18-80 k,, = 0-0188 
(b) 10% (2 dm.) 0, = 34-50 6,, = 18-81 k,, = 0-0189 
(c) 10% (2 dm.) 0, = 34-71 0, = 18-91 k, = 0-0185 
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3. B-Galactose: (a) preel iota’ by alcohol twice, and washed by 80% 
tOH once. 
(b) precipitated by alcohol twice, and washed by 80% 
EtOH twice. 
(c) precipitated by alcohol twice, and washed by 80% 
EtOH six times. 
(a) 5% (2dm.) 6 = 6:38 0, = 9-28 k,, = 0-0191 
(b) 5% (2dm.) 9 = 6-35 0, = 9-34 k, = 0-0183 
(c) 7°7% (2dm.) 0, = 917 0, = 1457 k,, = 0-0192 


0-0188 


In this table 9) is deduced by extrapolating the rotation of the 
solution to zero time, and @,, by direct observation of the final 
rotatory power, whilst k,, is the velocity coefficient calculated from 
the later part of the mutarotation. 

(6) Preliminary Survey.—Before making use of the general 
equations of Lowry and John it is desirable to make a preliminary 
enquiry as to the cause of the deviations from the unimolecular 
equations, which are found to satisfy, at least approximately, the 
data for glucose, but not for galactose. 

(i) Two consecutive reversible unimolecular actions can give rise 
to unimolecular mutarotation curves only when k, = ky, ky = ky, 
and «-+ 8 = 2u. Under these conditions, the general equations of 
Lowry and John reduce to the very simple form : 


8. = 3(« — Beh’ + ate + 8) 
Og = — 3(« — B)e*! + 3(a + 8) 


The mutarotation then takes the form of a unimolecular change with 
velocity coefficient k,, and covering a range of rotations from « 
or 8 to a final value 4(«-+ 8). Since &, does not enter into these 
equations at all, this statement is true for all concentrations of the 
intermediate sugar, which gives no indication whatever of its 
presence, in spite of the fact that it forms 100K,/(k, + k,)% of the 
final equilibrium mixture, where this ratio may have any value 
from 0 to 100%. 

(ii) If the rotatory power of the intermediate sugar is not the 
mean of the rotations of the «- and 8-forms (although k, = k, and 
k, = ky, as before), the equations become 


0, «= 5 Bee 4 {74 +8 — ube a Th, e-(hy + 2ka)t 4. 
| 
k, + 2k, \ (x + B)k, + uk, | 
k 
Oye —_ B t,t +{ fa Ms 6 —u}p stage tam + 


1 
Ee \(* + Oka + ules 
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The second exponential term (which vanishes only when « + ®@ = 2) 
now persists; but since the coefficients of the two exponentials are 
the same in both equations, although different in sign, these two 
terms can be eliminated, one at a time, by adding or subtracting 
the two equations, thus : 


6. — 06 = (« — B)e*! 


6. + 6g — 20, = (« + B— 2u) 7 ky __g-(ky + 2ky)t 


by + ky 
since 6. = [(a + B)k. + wky]/(k, + 2k). 


If, therefore, the anomalous behaviour of galactose (as contrasted 
with glucose) were due exclusively to a deviation of the rotatory 
power of the intermediate sugar from the mean value for the «- and 
B-sugars, we could deduce a unimolecular coefficient for the difference 
of the rotatory powers of the «- and $-sugars, and so determine k,, 
and then deduce a second unimolecular coefficient for the average 
of the rotatory powers, and so calculate the value of k, from the 
exponent (k, + 2k). In this way we could obtain a complete 
solution of the problem, without making use of the general equations 
at all, and this simple test should obviously be applied in every case 
before the more complex procedure described below is adopted. 


TABLE II. 
Mutarotation of «- and 8-Galactose. 
(a) Difference. (b) Average. 

0 = 0a — Og; k = 0-0188; 0 = 3(0a + 0g) — 0,3; k = 0-0255; 
log @ = — 0-008163¢ +- 1-3337 log 6 = — 0-1108¢ + 0-6386 
(correct at 10 min.). (correct at 5 min.). 

é. 8 (obs.). 6 (cale.). Diff. t. 0 (obs.). 6 (calc.). Diff. 
2 20-90 20:76 +0-14 2 4°35 4°13 +0-22 
5 19-71 19-61 +0-10 5 3°83 3°83 0-00 
10 17-87 17-87 0-00 10 3°23 3°37 —0-14 
15 16-21 16-27 — 0-06 15 2-82 2-96 —0:14 
20 14-69 14-80 —0-11 20 2-58 2-61 —0-03 
30 12-18 12-27 —0-09 30 2-09 2-02 +0-07 
40 10-09 10-17 —0-08 40 1-72 1-57 +0-12 
50 8-34 8-43 —0-09 50 1-42 1-22 +-0-20 
60 6-95 6-98 —0-03 60 1-15 0:94 +0-21 
70 5-81 5-78 -+-0-03 70 0-91 0:73 +0-18 
80 4-79 4-79 -+-0-00 80 0-75 0:57 +0°18 
90 4-00 3-97 -+-0-03 90 0-62 0-44 +0-18 
100 3°30 3-29 +0-01 100 0-52 0-34 +0-18 


When this test is applied to «- and @-galactose, as in Table II, 
it can be seen at once that, whilst the differences conform very nearly 
to the unimolecular law, the averages exhibit obvious systematic 
deviations, which are, however, also present in a less conspicuous 
form in the curve of differences. Whilst, therefore, the anomalous 
behaviour of galactose may be attributed in the first instance to the 
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fact that the rotatory power of the intermediate sugar approximates 
to that of the 6-sugar, instead of to the average of the «- and 8-sugars, 
it is clear that the velocity coefficients are also unsymmetrical, but 
to an extent which can only be disclosed by a complete mathematical 
analysis, since the small deviations recorded in Table II give no 
indication of the actual magnitude of this anomaly. 

(c) General Equations.—Since none of the simplifying assumptions 
is possible in the case of galactose, it is necessary to fall back on the 
general equations for two consecutive unimolecular reactions. The 
empirical equations for the mutarotation of the «- and @-sugars 
then have the general form 


6, = A,em™ + Byem™ + C; 0g = Age + Bem + C. 


The number of exponential terms in these equations is equal to the 
number of consecutive changes which the sugars undergo; the 
identity of the exponents, and of the final constant C, expresses the 
fact that the sugars are undergoing the same series of changes 
(although in opposite directions) and give rise to the same final 
equilibrium mixture. It will be seen that these two equations, like 
the scheme on p. 669, include 7 arbitrary constants; if, therefore, 
equations of this type can be deduced for the mutarotation curves of 
the «- and £-sugars, it is theoretically possible to calculate from them 
the 7 fundamental constants of the original system, viz., the four 
velocity coefficients k,, k,, ks, ky, and the rotatory powers «, p, 8, of 
the three sugars. 

(d) Initial Rotatory Power of.«- and $-Galactose-—The initial 
rotations of the «- and 8-sugars are difficult to fix, since they depend, 
not only on the purity and dryness of the sugar, but on its homo- 
geneity, z.e., on the percentage of the «- and $-sugars which it con- 
tains; and even when the homogeneity of the material has been 
established, the initial rotations can only be deduced by extra- 
polation to a “ zero-time,” which is not very well defined, since 
there is always a little uncertainty as to the moment at which on 
the average the sugar entered into solution. We have therefore 
selected for «-galactose the value | «];,,,; = 172-5°, and for 6-galactose 
the value [«];4g, = 63°5°, as representing most closely the rotatory 
power of the sugars used in our experiments (compare Expts. 26 and 
36 in Table I), although a slightly higher value for the initial and 
final rotations of «-galactose was given in Expt. 2c, where the con- 
centration of the solution was perhaps a little greater. Since, 
however, the data for calculation were based on values for a 10% 
solution of the «-sugar in a 2 dm. tube or for a 5% solution of the 
s-sugar in a 4 dm. tube, the rotations in the empirical equation are 
one-fifth of the specific rotations. The initial rotations of the «- 
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and £-sugars, which do not enter directly into the equations, there- 
fore lead to the relations 


a= A,+ B,+C = 34:5° or A, + By = 157° (since C = 18°8°, 
see below) ; 
8 = A,+ B, + C = 12-7° or Ag+ B, = —61°. 

(e) Rotatory Power of the Equilibrium Mixture.—The final specific 
rotations of the 12 solutions set out in Table I are as follows : 
- [%]sag, = 91°, 89°, 86°, 91°, 83°, 91°. 


. [e]saer = 94°, 94°, ct ‘ 
- [aleaea = 93°, 98°, 95°) Mean 9F. 


Ne 


The first six values are irregular and low, perhaps on account of 
the presence of a variable proportion of alcohol in the first sample 
of the recrystallised sugar; but three further samples of «-galactose, 
and three samples of $-galactose give a uniform value [@];4¢, = 94°. 
The constant term in the two equations, which represents the final 
rotation of the solutions, has therefore the value C = 18°8°. 

(f) Final Velocity Coefficients of «- and 8-Galactose.-—Apart from 
the initial and final rotations, the easiest quantity to determine in 
these equations is the limiting value of the unimolecular velocity 
coefficient. Trustworthy values are obtained by ignoring the 
first half of the mutarotation of the «-sugar (where the coefficients 
are abnormally high), and the first third of the mutarotation of the 
6-sugar (where they are abnormally low), and treating the observ- 
ations as if they had been begun 30 or 40 minutes after making up 
the solution (see col. 6 in Tables VI and VII). Since, as is shown 
below, the influence of the second term dies out after about } hour, 
this is a logical method for determining the value of the smaller 
exponent. It will also be recalled that Riiber and Minsaas obtained 
a constant unimolecular velocity coefficient (and therefore failed 
to discover the anomalous character of the mutarotation curves) as 
a result of adopting a similar procedure. In the present instance, 
the limiting value of the velocity coefficient, as deduced from the 
12 experiments set out in Table I, is m, = 0-0188, and this value 
can be inserted immediately in the equations as the exponent of 
the first term. When the true initial rotation of the «-sugar was 
used in calculating the unimolecular velocity coefficients, however, 
a slightly higher (but less trustworthy) limiting value was. found, 
namely k = 0-0192 (see col. 5 in Tables VI and VII), which 
agrees exactly with the mean of six values deduced from a study 
of three different properties of the two sugars by Riiber and 
Minsaas, v1z., 
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k. kee 
Mutarotation of a-galactose  ...........+06+ 0-00834 0-0190 
o” “eS eae 0-00837 0-0193 
Volume changes of a-galactose ............ 0-00836 0-0192 
om és Brite) .<epbedecunss 0-00845 0-0195 
Refractivity of a-galactose ............:.+0+ 0-00822 0-0189 
: 0-00843 0-0194 


k, at 20° = 0-0192 

(g) Initial Velocity Coefficient of 8-Galactose—Since the rotatory 
power of §-galactose remains constant for about 4 minutes, 
d0/dt = 0, when t = 0; and since at this stage the only transform- 
ation is from the 8-sugar to the intermediate (aldehydic) form, it 
follows that the rotatory power of these two sugars must be nearly 
the same, so that 8 =y (approximately). This condition is, 
however, not sufficiently well-defined to be utilised in order to fix 
at once the value of the unknown rotatory power, p, of the inter- 
mediate sugar (which is one of the objects of this research) and can 
only be used as evidence of the approximate equality of the rotatory 
power of the two sugars. 

(h) Initial Velocity Coefficient of «-Galactose.—Although the initial 
stage of the mutarotation is obviously unimolecular rather than 
multimolecular, the velocity coefficients calculated by the ordinary 
method change so rapidly that it is not practicable to deduce a 
trustworthy initial value by extrapolating to zero time. Such a 
value can, however, be obtained by calculating from the rotations 
themselves an intermediate “ end-point,” to which the first stage 
of the mutarotation would lead if the second stage could be suspended. 
For this purpose we have used a formula given by Smith (Phil. Mag., 
1926, 1, 496), wiz., 

Bon == &y — (Hy — Xq)*#/(Zayg — a, — ag), 
where «1, %, % are readings at equal increments of time, and «,, 
is the hypothetical end-point. 

Four successive groups of three rotations at intervals of 2 minutes, 
read from a curve on which the readings for the first 10 minutes of 
Expt. ld had been plotted, were found by this method to give 


Gy = 22-5, 28-0, 26-7, 25-4; mean 25-6°. [a]54g) = 182-5°.* 
A more accurate series of 5 sets of 3 readings, covering a total period 
of 7 minutes only, in Expt. 2b gave 
to) = 281, 27-6, 26-9, 26-3, 24:5; mean 26-7°. [a]54¢; = 133-5°. 
A third series of 4 sets of three readings (Expt. 2c), covering a 
period of 74 minutes, gave 

to, = 26-9, 26-4, 27-8, 27-9; mean 27-25. [a]54¢, = 136-2°. 


* This value has been calculated by deducing the strength of the solution 
from its final rotatory power on the assumption that [@,.] = 94°. 
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The last two series give a very uniform value for the end-point, 
a, = 27°, from which we can deduce that the specific rotatory 
power of the solution on completion of the first stage of the trans- 
formation would be [«],,,,; = 135°, as contrasted with the final 
equilibrium value [«];4,, = 94° at the end of the second stage. 

This rotatory power is of the same order of magnitude as that 
assigned by Riiber and Minsaas to the intermediate sugar, viz., 
[«]> = 135°, whence [«],,,, = about 153°; but it cannot be inter- 
preted in this way, since, as we have seen, the intermediate form has 
nearly the same rotatory power as the 6-sugar, whereas this is nearly 
equal to that of the «-sugar. A more plausible view, which we have 
not yet confirmed by mathematical analysis, is that the intermediate 
end-point, [«];4¢; = 135°, represents the rotatory power, not of the 
v-sugar, but of an equilibrium mixture, « == yp, from which only the 
8-sugar is excluded. 

By making use of this intermediate end-point, we obtain the 
velocity coefficients shown in Table III. The second of these 
series is not so consistent as the first, where the velocity coefficient 
is exceptionally uniform; but in both cases the data show clearly 
that the early stages of the mutarotation of «-galactose can be 
expressed quite satisfactorily as a unimolecular change, with 
velocity coefficient 0-064, and tending towards an end-point at 
[a]Jeag, = 135°. 

TABLE IIT. 
Velocity Coefficients in the Early Stages of Mutarotation of 


a-Galactose. 

t (min.). be <x 104. t (min.). ke X 10*. 
2-15 + 0°95 640 2-65 + 0-95 624 
+ 1-45 640 + 1-30 602 
+ 1°83 637 + 1-93 611 
+ 2-20 649 + 2°37 624 
-+ 2-70 650 + 2-78 643 
+ 3-25 632 + 3-23 645 
+ 3°83 643 + 3°68 639 
+ 4-42 654 + 4:17 650 
-+- 5:08 644 + 4-67 650 
+ 5-95 649 + 6-17 648 
-+- 6-67 649 -+ 5-68 651 
+ 7:35 645 + 6°25 658 

Mean k, = 0-0644 Mean k, = 0-0637 


(i) Calculations of Exponents and Coefficients—In order to 
determine the values of the coefficients A,, B,, A,, B, of the 
empirical equations, and the unknown exponent m,, we may notice 
that the velocity coefficients in the initial stages of the mutarotation 
of «- and 8-galactose are given by 


—d6/dt = Aym, + Bym, and — d6/dt = Aym, + Bymg. 


-—- 2 @ @& 
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If expressed as the velocity coefficient of a unimolecular action, 
with C as the limiting value, these quantities become 
Aym, + Bymy 2g Asm + Bym, 
A,+ B, A, + B, 

Since the initial stages of the mutarotation of the «-sugar can be 
expressed as a unimolecular action with a velocity coefficient 0-064, 
and a range of 172°—135° = 37° (instead of 172° — 94° = 78°, 
when referred to the equilibrium value), the first of these expressions 
has the value 0-064 x 37 + 78 = 0-030, whilst the second is 
approximately zero (see p. 675). Thus for the «-sugar we have 


A, + B, = 15-70 and A,m, + Bym, = 15-70 x 0-030 = 0-48, 
whilst for the 8-sugar 
A, + B, = —6:1 and A,m, + Bm, = 0 (approximately), 
where in each equation m, = 0-0188. If therefore m, were known, 
we could now calculate the four remaining coefficients, A,, B,, Ag, 
B,, of the empirical equations from these four relationships. 


Alternatively, we can eliminate m,, B,, and B, from these relations 
and so obtain 


0-1154, —0-1814,—291=0 .. . (1) 


Since only the ends of the mutarotation curves have been used 
hitherto, the additional datum that is required to complete the 
analysis can be brought in most easily by reading off the values 
of 6 for each sugar at a time (e.g., 20 minutes) when mutarotation 
is less than half-complete. Thus since 6, = 28-68 and 0g = 13-99 
when ¢ = 20 (and consequently es’ = 0-6865) we can write : 


0-6865A, + Bye! + C = 28-68 
0-6865A, + Be! + C = 13-99 


or, since B, = 15-70 — A,, B, = — 6-10 — Ag, C = 18-80, we 
can eliminate m, and obtain 
—0-622A, + 08984, +152=0 . . . (2) 


Similar equations can be deduced from the values of 6, and 0g at 
any other values of t, but, when ¢ is large, the ratios involved approxi- 
mate to zero and therefore become of very little value. 

Equations (1) and (2) can now be combined to give A, and Ag, 
and hence B,, B,, and m,. Unfortunately, these eliminations 
result in an exaggeration of the experimental errors which make it 
almost a matter of accident whether they yield a plausible solution 
of the problem or not. The combination of data which we happened 
to use gave values for the coefficients which required very little 
adjustment to make them fit the curves, the adjusted values being 
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mM, = 0:146, A, = 14:3, B, = 1-4, A, = —7-13, B, = 1-03; but 
as a different selection of data gave B, = 0 (in which case the 
mutarotation curve of the «-sugar would have been unimolecular), 
we think it desirable to describe an alternative procedure, which 
does not depend on the selection of a single pair of readings but is 
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based upon a general average of a series. 


t Ga 

2 33-60 

5 32-49 
10 30-97 
15 29-73 
20 28-68 
30 26-95 
40 25°57 
50 24-39 
60 23-43 
70 22-62 
80 — 


Mutarotation of «- and 8-Galactose. 


$. 6a (obs.). 
0 34-50* 
2 33-60 
5 33°49 
10 30-97 
15 29-73 
20 28-68 
30 26-98 
40 25°57 
50 24-39 
60 23-43 
70 22-62 
80 21-95 
100 20-97 
t. 4g (obs.). 
0 12-70* 
2 12-70 
5 12-78 
10 13°10 
15 13-52 
20 13-99 
30 14-80 
40 15-48 
50 16-05 
60 15-48 
70 16-86 
80 17°16 
100 17-67 


Oa (calc.). 
14-30 + 1-40 + 18-80 = 34-50 
13-77 + 1:05 + 18-80 = 33-62 
13-02 + 0-67 + 18-80 = 32-49 
11-84 + 0:32 + 18-80 = 30-96 
10:78 + 0-16 + 18-80 = 29-74 
9-81 + 0-07 + 18-80 = 28-68 
8-13 + 0:02 + 18-80 = 26-95 
6-74 + — + 18-80 = 25-54 
559+ — + 18°80 = 24:39 
463+ — + 18-80 = 23-43 
3:83 + — + 18-80 = 22-63 
318+ — + 18-80 = 21-98 
218+ — + 18-80 = 20-98 
6g (calc.). 
—7-13 + 1:03 + 18-80 = 12-70 
—6°87 + 0-77 + 18-80 = 12-70 
—6-46 + 0-50 + 18-80 = 12°84 
—5-91 + 0-24 + 18-80 = 13°13 
—5°38 + 0-12 + 18-80 = 13-54 
—4-89 + 0-06 + 18-80 = 13-97 
—4-06 + 0-01 + 18-80 = 14-75 
—3-33 + — + 18-80 = 15-48 
—2-79 + — + 18-80 = 16-02 
—2:31 + — + 18-80 = 16-51 
—1-91 + — + 18-80 = 16-89 
—159 + — + 18-80 = 17-21 
—101 + — + 18:80 = 17-69 


TABLE IV. 
Determination of Coefficients. 

A,. Og. 
15-48 12-70 
15-04 12-78 
14-69 13-10 
14-49 13-52 
14-40 13-99 
14-33 14-80 
14-36 15-48 
14-31 \ 4,4. 16-05 
14-30 ( 14°32 16-48 
14-25 16-86 
— 17-16 

TABLE V. 


* By extrapolation. 


A,. 
— 6-33 
—6-61 
— 6-88 
—7-00\ 
—7-01 
—7-03 
eee +—71 
—7°16 
—7:23 
— 7°29 | 
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This procedure depends upon the fact that one exponential dies 
out before the other, after which the mutarotation becomes uni- 
molecular and gives rise to steady velocity coefficients. We can 
therefore extrapolate back to a hypothetical initial value at zero 
time, on the assumption that the second exponential is not present, 
and so obtain values of A, or A, from the expressions 


A, = (0, — 0, )/eO188; A, = (0g — 0,, )/eOO188, 


TaBE VI. 
Mutarotation of «-Galactose in Water at 20°. 


(a) Second sample (recryst. HAc), 10 g./100 c.c. in 2 dm. tube. 
6, = 13-62-0188 +. 1-2] ¢-0146 + 18-80. 


Psae1- 
é (min.). obs. calc. Diff. k. ke. 
2-15 32-80 32-78 +0-02 
2-70 32-58 32-56 +0-02 0:0285 
3°10 32°44 32-41 +0:03 0-0274 
3°60 32°26 32°24 +0-02 0-0272 
3-98 32°13 32°12 +0-01 0:0267 
4-35 31-99 31-99 0-00 0:0271 
4-85 31-82 31°83 —0-01 0-0269 
5-40 31-67 31°65 +0:02 0-0259 
5-98 31:47 31-48 —0-01 0-0260 
6-57 31:27 31-29 —0-02 0-0262 
7:23 31-10 31:10 0-00 0-0255 
8-10 30°85 30°87 —0-02 0-0252 
8-82 30-66 30°67 —0-01 0-0248 
9-50 30-50 30°49 +0-01 0-0244 
10-70 30°16 30°19 — 0-03 0-0244 
12°30 29-78 29°81 —0-03 0-0239 
13-22 29-59 29-60 —0-01 0-0235 
15°15 29-16 29°17 —0-01 0-0232 
17-00 28-77 28-80 —0-03 0-0229 
19-83 28-24 28-25 —0-01 0-0223 
22°15 27°81 27°83 — 0-02 0-0220 
24-28 27-46 27°47 —0-01 0-0217 
26-97 27-02 27-02 0-00 0-0215 
30°17 26-55 26°53 +0-02 0-0211 
33°23 26-10 26-08 +0-02 0-0210 
36°55 25°65 25°65 0-00 0-0208 0-0191 
40-15 25°21 25-20 +0-01 0-0206 0-0188 
43-28 24-85 24-84 +0-01 0-0204 0-0187 
47-35 24-40 24-39 +0-01 0-0203 0-0188 
54-67 23°67 23-67 0-00 0-0201 0-0189 
63-00 22-96 22-97 —0-01 0-0196 0-0183 
70-17 22-45 22-40 +0-05 0-0198 0-0188 
82-28 21-71 21-70 +0-01 0-0196 0-0188 
92-15 21-21 21-21 0-00 0-0196 0-0187 
105-95 20-65 20-64 +0-01 0-0195 0-0189 
122-73 20-14 20-15 —0-01 0-0195 0-0189 
150-00 19-63 19-61 +0-02 0-0191 0-0186 


) 18-80 18-80 0-00 
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(6) Third sample (recryst. HAc and EtOH), 10 g./100 c.c. in 2 
dm. tube. 


0. = 14-33¢-00188¢ -- 1-4.Qe-0 146¢ -/ 18-81. 


O54 161 
¢ (min.). obs. cale. Diff. k. | 
2-65 33°36 33-40 —0-04 
3°60 33-01 33-03 —0-02 0-0257 
3°95 32-90 32-89 +0:01 0-0250 
4°58 32-68 32°68 0-00 0-0247 
5-02 32-52 32-52 0-00 0-0252 
5:43 32°36 32°38 —0-02 0-0257 
5-88 32°21 32°23 —0-02 0-0255 
6°33 32-08 32-09 —0-01 0-0250 
6°82 31-91 31-94 —0:03 0-0252 
7-32 31-76 31-78 —0-02 0-0250 
7-82 31-62 31-63 —0-01 0-0247 
8-33 31-47 31°47 0-00 0-0245 
8-90 31-30 31-31 —0-01 0-0245 
9-48 31-14 31°15 —0-01 0-0243 
10-20 30°95 30-96 —0-01 0-0240 
11-47 30-62 30-62 0-00 0-0237 
12-38 30-38 30°39 —0-01 0-0236 
13-53 30-11 30°11 0-00 0-:0232 
15:37 29-70 29-68, +0-02 0-0228 
17-75 29-19 29-18 +0-01 0-0224 
20-33 28-67 28-66 +0-01 0-0220 
22-62 28-23 28-23 0-00 0-0218 
26-03 27-64 27-62 +0-02 0-0214 
30°35 26-94 26-92 +0-02 0-0210 
36°05 26-12 26-09 +0-03 0-0206 
44-47 25-06 25-02 +0-04 0-0202 0-0186 
53°87 24-05 24-01 +0-04 0-0199 0-0187 
61-85 23-29 23°29 0-00 0-0199 0-0190 
77°83 22-11 22-13 —0-02 0-0197 0-0190 
89-25 21-49 21-49 0-00 0-0195 0-0189 
101-75 20°91 20-93 —0-02 0-0195 0-0190 
112-52 20-51 20-54 —0-03 0-0195 0-0191 
re) 18-81 18-81 0-00 


The data set out in Table IV give for A, the trustworthy value 
14-3; B, must then have the value 1-4, since A, + B, = 157. 
Moreover, since 14-3 x 0-0188 + 1-4m, = 0-48, it follows at once 
that m, = 0-148, in close agreement with the value 0-146 which 
we had already found to fit the curves. The extrapolated values 
for A, vary very little after the first 10 minutes; a long series of 
values is then obtained with an average A, = —7-1, which agrees 
closely with the coefficient —7-13 which we had found to fit the 
curves. Since A, + B, = —6-1, the value of B, must be 1-0 
approximately, but a slight adjustment is needed to get the 
inflexion into the right position, and this adjustment leads to a 
small negative value (instead of an exact zero value) for d6/dt for 
the 8-sugar when ¢ = 0. 
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(j) Empirical Equations for the Mutarotation of «- and 8-Galactose. 


—The empirical equations as finally adjusted are 


0. = 14-30¢-0 0188 +4 1-40-0146 1. 18-80 
Og = —7-13e00188 4 1-0Ze0'146 + 18-80. 


The extent of the agreement with the interpolated values for the 
rotatory powers of the two sugars at equal increments of time is 
shown in Table V. This table also shows how the influence of the 
second exponential disappears after about 30 minutes, when the 
curves assume a unimolecular form, as Riiber and Minsaas 
observed. The agreement between the original readings and values 
calculated from the equations is shown in Tables VI and VII. 


TABLE VII. 


Mutarotation of 8-Galactose in Water at 20°. 


(a) First sample (washed once), 5 g./100 c.c. in 2 dm. tube. 


Og = —3-20¢e-00188 4+. ()-30e-014% + 9-28. 
95s61- 
ne 
t (min.) obs. cale. Diff k 
1-75 6-51 6-41 0-10 
2-53 6-48 6-44 0-04 
3-13 6-48 6-45 |-0-03 
3-73 6-48 6-47 +0-01 
4-82 6-48 6-51 —0-03 
5-73 6-52 6-54 — 0-02 
7:23 6-56 6-59 —0-03 0-0053 
8-08 6-58 6-62 —0-04 0-0057 
9-23 6-64 6-67 — 0-03 0-0079 
10-47 6-67 6-71 — 0-04 0-0081 
12-33 6-75 6-79 —0-04 0-0096 
13-87 6-82 6-85 —0-03 0-0099 
16-47 6-93 6-96 — 0-03 0-0119 
18-28 6-99 7-03 — 0-04 0-0122 
20-23 7-09 7-10 —0-01 0-0133 
22-25 7-18 7-18 0-00 0-0140 
24-35 7°27 7-26 +0-01 0-0147 
26-38 7:33 7-33 0-00 0-0147 
29-20 7-45 7-43 +0-02 0-0155 
32-35 7-55 7-54 +0-01 0-0157 
37-33 7-69 7-69 0-00 0-0159 
41-53 7-82 7-81 +0-01 0-0160 
45-28 7-93 7-91 +0-02 0-0168 
49-73 8-06 8-02 +0-04 0-0173 
54-85 8-16 8-14 +0-02 0-0173 
59-53 8-27 8-23 +0-04 0-0177 
69-13 8-42 8-41 +0-01 0-0175 
80-88 8-58 8-58 0-00 0-0175 
89-20 8-71 8-68 +0-03 0-0182 
117-42 8-95 8-93 +0-02 0-0185 
a) 9-28 9-28 0-00 


i 


0-0192 
0-0184 
0-0188 
0-0192 
80-0198 
0-0193 
0-0196 
0-0190 
0-0187 
0-0190 
0-0194 


682 


SMITH AND LOWRY : 


(6) Second sample (washed twice), 5 g./100 c.c. in 2 dm. tube. 
0g = —3-56e00188% +. 0-5] e016 + 9.34, 


95461: 
ree —, 
t (min.). obs. cale. Diff. k. k,. 
1-92 6-31 6-29 +0-02 
2-48 6-31 6-30 +0-01 
2°88 6-32 6-30 +0-02 
3°32 6-31 6-30 +0-01 
3-90 6-31 6-32 —0-01 
4-42 6-32 6-33 —0-01 
4-95 6-35 6-34 +0-01 
5-83 6-35 6-36 —0-01 
6-53 6-36 6-38 —0-02 
7-60 6-40 6-42 —0-02 0-0053 
8-80 6-46 6-46 0-00 0-0074 
9-95 6-51 6-51 0-00 0-0085 
11-50 6-54 6-55 —0-01 0-0082 
12-37 6-59 6-59 0-00 0-0093 
14-10 6-68 6-68 0-00 0-0107 
16-00 6-76 6-75 +0-01 0-0114 
18-03 6-86 6°84 +0-02 0-0124 
20-33 6-95 6-94 +0-01 0-0129 
22-43 7-04 7-02 +0-02 0-0134 
24-53 7:13 7:10 +0-03 0-0140 
26-68 7-22 7-19 +0-03 0-0144 
28-58 7:28 7-26 +0-02 0-0145 
29-43 7-32 7-30 +0-02 0-0147 
32-12 7-43 7-44 —0-01 0-0153 
35-32 7-52 7-51 +0-01 0-0153 0-0184 
39-15 7-64 7-63 +0-01 0-0152 0-0182 
42-85 7°76 7°75 +0-01 0-0159 0-0185 
47-00 7-88 7:87 +0-01 0-0162 0-0193 
51-17 7-98 7-98 0-00 0-0163 0-0190 
58-78 8-16 8-16 0-00 0-0166 0-0184 
64-23 8-27 8-27 0-00 0-0167 0-0179 
69-27 8-35 8-37 —0-02 0-0166 0-0173 
77-92 8-50 8-51 —0-01 0-0169 0-0182 
90-72 8-67 8-69 —0-02 0-0170 0-0181 
109-17 8-85 8-86 —0-01 0-0170 0-0178 
) 9-34 9-34 0-00 


Evaluation of the Fundamental Constants. 


The empirical equations set out above provide a complete summary 
of the experimental data, and it is impossible to deduce from these 
data anything that is not contained in the equations. Whilst, 
however, it is easy to work out the seven constants of the empirical 
equations when the seven fundamental constants of the system are 
known, it is not easy to carry out the converse process, on account 
of the complex form in which the fundamental constants appear in 
the equations. (i) The simplest relationships are found in the 
exponents, which depend only on the velocity coefficients of the 
sugars, and not on their optical rotations. These relationships can 
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be summarised most concisely by means of the two following 
equations : 


ligks + kyks +- kk, = mym, =0-0188 x 0-146 = 0-002745 . . (4) 
(ii) The coefficients of the empirical equations* are more com- 
plex functions, since they depend on the rotations as well as the 


velocity coefficients of the sugars. They may, however, be sum- 
marised as follows : 


C = a8. + UY + B% = 18-80 


If we add these equations in pairs we merely get the former relations 
A,+B,+C=«;and A4,+ B,+C=8. If, however, we sub- 
tract them we get 


Ms + Mm 2k 
Ay — By = Ma — 0) — 5 PH (gy) = 129 


ee a. a, a. a ee 
A, — B= Mm, — m,° C) Mm, — m,° wu) = — 816 

or 
k,(a — pw) = 3(m, + m,)(« — C) — ¥(m, — m,) 12-9 = 0-4732 = (5) 
k,(8 — w) = (my + m,)(8 — C) + 3(m, — m,) 8-16 = 0-01634 (6) 
where numerical values for k,(a—) and k,(8 —u) have been 
deduced by inserting m, +m, = 0:1648, m, — m, = 0-1272, 
a—C=15-7,8-—-C=— 61. 

(iii) The fifth relation that is required to give the four unknown 
velocity coefficients and the unknown rotation p, is supplied by 


Do = Ahan + UY + B20 
or C La akoks - pkyk, os Bkyk, 
kk v kyks T kik, 
whence (a — C)kgks + (u — C)k ks + (8 — C)k,k, = 0 


* The coefficients for 0g are got by substituting k, for k, and 8 for a, since 
the m’s are reversible functions of the k’s. 
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or, dividing by k,k,, 


ky 
1 lig” 


(7) 


(iv) The simplest way of proceeding from this point is to assume 
a value of u, and then to deduce k, and k, from (5) and (6). Sub- 
stitution in (3) gives k, + k,, which can be combined with (7) (after 
a similar substitution) to give k, and k,. The sum of the products 
in (4) can then be evaluated and compared with the observed value 
M,M, = 0-002745. By this method of trial and error, we find that 
u has the value 11-67, and that, if we alter it only to 11-65, an errone- 
ous value (0-002726 instead of 0-002745) is obtained for m,m,. 
We can therefore assign to the intermediate sugar the specific 
rotation [«];4g; = 58° if we accept the validity of the three-sugar 
scheme. The corresponding values of the velocity coefficients 
are : 


p= O—(a— Oe aT Cyt=188— 15-772 + 61 


k, = 0-0207 ks = 0-0159 
k, = 0-0494 1, = 0-0788 


Equilibrium Concentrations and Rotations. 


The equilibrium concentrations deduced from the velocity 
coefficients of the three-sugar scheme are 


Leg = 285% 3 Yoo = 120%; 2% = 505%. 


These can be compared with the values deduced by Riiber and 
Minsaas, viz., 
Len = 661%; 9.9 = 27°35%; 2 = 04%. 
A similar comparison of the optical rotations of the three sugars 
gives 
a. p. B. 

[2]eag.>= 173° 58° —- 63.5° (Lowry and Smith) 

[alp = 144:5° 135-0° 52-2° (Riiber and Minsaas) 
or [~]sag:== 173-4° 162° 62-6° 


if we increase the values of [«]p by 20°%* to allow for the change 
of wave-length. 

Since Riiber and Minsaas did not detect any anomalies in the 
mutarotation curves, their estimate of the rotatory power of the 
intermediate sugar is based on less direct evidence than our own, 
and is obviously incorrect in making this rotation approximate to 
that of «-galactose, whereas actually it does not differ much from 


* This is greater than the observed increment, but has been selected 
because it gives the best agreement in the case of the a- and f-sugars. 
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that of B-galactose. Their equations also lead to an abnormally 
slow mutarotation of «-galactose in the early stages (corresponding 
to the small change of rotation from « to vu), whereas in fact the 
mutarotation is exceptionally fast at this stage. 

On the assumption that only 3 isomerides are present, our estimate 
of the percentages of the three sugars in the equilibrium mixture is 
probably correct to within a few units, since it is based on data in 
which the effects of the third sugar are very obvious. It has the 
advantage of raising the proportion of the «-sugar to a more 
reasonable figure than that given by Riiber and Minsaas, namely 
28-5% instead of only 6-6%. The proportion of the intermediate 
open-chain sugar, on the other hand, is reduced from 27% to 12% 
of the total. The two estimates concur, however, in making the 
3-sugar the predominant constituent, forming 60 to 66% of the 
equilibrium mixture. 

Since the equilibrium proportion of «-galactose in anhydrous 
methyl alcohol is about 1/2 of the total (J., 1904, 85, 1557), the 
ratio 8/« cannot be greater than unity in this solvent; it is therefore 
surprising to find a ratio B/x«>2/1 in water. This wide difference 
may be due to a selective action of water in promoting the forma- 
tion of 8-galactose at the expense of the «-sugar; but, on the other 
hand, it may be merely a proof that the equilibrium in aqueous 
solutions is too complex to be represented by the simple system which 
must be postulated if a mathematical analysis of the data is to be 
carried out. Whilst, therefore, we have sought to make the fullest 
possible use of this mathematical analysis, and to follow up all the 
consequences which flow from its application to our data, our positive 
assertions do not go beyond the simple facts set out in the following 
summary, viz., that: (i) The mutarotation data for galactose 
cannot be interpreted on a 2-sugar scheme, but can be expressed 
by a 3-sugar scheme; (ii) a third sugar must therefore be formed 
in substantial quantities in solution ; (iii) this sugar must be related 
unsymmetrically to the «- and $-sugars, in rotation or in velocity 
of formation and reversion, or in both; (iv) since the mutarotation 
of 8-galactose proceeds only very slowly during the first few minutes, 
and gives rise to inflected curves, the initial product of change must 
have a similar rotation to the @-sugar. 


We are indebted to Messrs. Bromwich, White, and Constable, of 
St. John’s College, for assistance in the mathematical analysis set 


out above, and desire to take this opportunity of expressing} our 
thanks, 


University CHEMICAL LABORATORY, 
CAMBRIDGE, [Received, December lst, 1927.] 
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XCII.—The Competitive Interaction of Alkyl and Aryl 
Halides with Magnesium. 


By Hersert WitLiAM Rupp and Eustace EBENEZER TURNER. 


MEASUREMENTS of the reactivity of alkyl halides have hitherto been 
made using five different types of reagent : (1) Sodium metb-, eth., 
or n-prop-oxide (Hecht, Conrad, and Briickner, Z. physikal. Chem.., 
1889, 4, 273), sodium phenoxide (Segaller, J., 1913, 103, 1154), 
sodium «- and $-naphthoxides (Cox, J., 1918, 113, 666) and sodium 
benzyloxide (Heywood, J., 1922, 121, 1904). (2) Ethyl sodio- 
malonate or -acetoacetate (Wislicenus, Annalen, 1882, 242, 239). 
(3) Various tertiary bases (Menschutkin, Z. physikal. Chem., 1890, 
5, 589; Wedekind, Annalen, 1901, 348, 90; Preston and Jones, 
J., 1912, 101, 1930). (4) Alcoholic silver nitrate (Burke and Don- 
nan, J., 1904, 85, 555; Z. physikal. Chem., 1909, 69, 148). (5) 
Sodium thiosulphate (Slator, J., 1904, 85, 1286). 

Although these different reagents would not be expected to give 
a similar order of reactivity for a series of alkyl halides, a number of 
general conclusions may be drawn. Methyl iodide is far more 
reactive than ethyl iodide, and the latter much more reactive than 
n-propyl iodide (Menschutkin, Segaller, Cox, Heywood, and Hecht, 
Conrad, and Briickner). Burke and Donnan found that methyl 
and n-propy] iodides reacted at approximately the same rate, which 
was less than that for ethyl iodide, and not much greater than that 
for n-butyl iodide. The reaction between iodides and alcoholic 
silver nitrate is, however, complicated, as Burke and Donnan 
pointed out. Wislicenus found that ethyl and n-propy! iodides were 
respectively very much more reactive than the corresponding 
bromides, and that benzyl bromide was much more reactive than 
the chloride. Menschutkin found ethyl, n-propyl, n-butyl, n-heptyl 
and n-octyl iodides to be more reactive than the bromides. Slator 
concluded that bromides and iodides were almost equally reactive, 
and very much more reactive than the corresponding chlorides. 

No measurements have hitherto been made of the reactivities of 
simple halogen derivatives of aromatic hydrocarbons. Indeed, 
there are very few reactions which could be used for such measure- 
ments. Certain facts were known, e.g., that iodobenzenes react with 
copper bronze (Ullmann reaction), whereas bromo- and _ chloro- 
compounds do so much less readily; further, that whereas bromo- 
and iodo-benzene readily combine with magnesium, chlorobenzene 
does not. The formation of the Grignard reagent has now been 
found to afford a convenient method for comparing “ reactivities ” 
of both aliphatic and aromatic halogen compounds. 
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Our procedure has been to allow a mixture of two different 
halogen derivatives (1 mol. of each) to compete, under certain definite 
conditions, for one atom of magnesium, and to analyse the product 
when complete dissolution of the metal had occurred. Ordinary 
“ Grignard ” magnesium turnings were used. The slight difference 
in surface area and condition between one sample and another 
introduces no material error, since after the first few minutes of 
reaction the condition of the metallic surface in one experiment is 
little different from that in another, and moreover, both halides 
will presumably benefit or suffer to the same extent. 

By using specially standardised magnesium, even more accurate 
results would possibly be attainable. Our purpose, however, 
has been, not to obtain absolute values of the reactivities, but 
to compare reactivities to a reasonably quantitative degree. 
The method is capable of general application, and is being 
extended. 

In discussing our results, the fact must not be overlooked that 
two other reactions may accompany the formation of a Grignard 
reagent: (a) RMgX + RX = MgX, + RR and (b) 2RX + Mg = 
MgX, + R*R. Itseems probable that (b) is realised usually through 
(a). Di-alkyl and di-aryl hydrocarbons are formed to any large 
extent, however, only with particular types of halogen compound 
when conditions such as have been used for the present work 
obtain. 

A trace of iodine was sometimes necessary to start the 
reaction. This vitiates the results to the extent only of 0-02% 
(see Experimental). 

It is possible that the reactivity of one halide may be affected 
by the presence of another more reactive halide. We found as a 
limiting case that magnesium did not react with chlorobenzene even 
when a vigorous combination of the metal with bromobenzene was 
in progress. 

The results obtained are in Tables I and II. The figures given 
under ‘‘ %Br,” “ %Cl,” etc., refer to the percentage of bromine 
and chlorine respectively which, at the completion of a reaction, 
had combined with the magnesium. 

These figures show many interesting features. In the first place, 
when bromide-chloride pairs compete for magnesium, the bromide, 
at first the more reactive, becomes relatively more reactive as one 
passes from ethyl to butyl. A mixture of methyl chloride and 
bromide could not be made to react with magnesium. On the other 
hand, with iodide-chloride pairs, the initially more reactive iodide 
decreases in reactivity with ascent from methyl to butyl, and with 
bromide-~iodide pairs an alternation is observed. 
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TABLE I. 
Yo % % % % 
jee I. Cl. Br. I. 
MeBr—MeCl — MelI-MeCl 73 MeBr-Mel 71 29 
EtBr—EtCl 76 EtI—EtCl 71 EtBr-EtlI 46 54 
PreBr—-PreCl 81 Pre[—PreC] 56 PreBr-PreI 57 43 
BueBr-BueCl 91 Buel-BueCl 54 BueBr-BusIl 27 73 
&% Br. GAe % pt %CL 
PhBr-PhI 52 48 BueBr-CH,PhCl 73 27 
o-C,H,MeBr—o-C,H,Mel 94 6 
m-C,H,MeBr-m-C,H,MelI 88 12 
p-C,H,MeBr-p-C,H,MeI 84 16 
TaBueE II. 
Analysis of results for aliphatic compounds. Relative reactivities, 


Alkyl radical present. : I. Sie 


1 
1 
1 


1 
1 
1 
1 


Consideration of the results obtained with the four aromatic 
pairs suggests that the introduction of a methyl group into the 
nucleus of bromobenzene increases the reactivity of the halogen 
atom, and that the reverse effect occurs with iodobenzene. We 
hope toelaborate this point later and correlate the results with such 
facts as the greater speed of nitration of toluene as compared with 
benzene, etc. (compare Wibaut, Rec. trav. chim., 1915, 34, 241). 

The effect of a methyl group on the reactivity of a halogen atom 
appears to be little dependent on the relative positions of the two 
atoms, although the bromine/iodine reactivity ratio decreases in 
the order o>m>p, 

In view of the greatly increased activity associated with the 
introduction of a methyl group into bromobenzene, the three chloro- 
toluenes might be expected to react with magnesium. We find that 
they do react to some extent with magnesium which has previously 
been treated with iodine or with ethereal methy] iodide, but that the 
reaction soon becomes very slow. Moreover, from the fact that the 
resulting solution does not decolorise ethereal iodine solution, it 
may be inferred that what reaction does occur is of type (b) above 
(ditolyl formation). cycloHexyl halides were also found to react 
to a considerable extent in the sense of equation (6), although 
Grignard reagent formation occurs to a large extent in addition. 

One of the most interesting results obtained is that bromine 
compounds appear on the whole to combine more readily with 
magnesium than do the corresponding iodine compounds. 
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ExPERIMENTAL. 


Preparation and Purification of Reagents.—The liquid alky] halides 
were purified by routine processes and distilled at least twice just 
before use, the first and last runnings being rejected. The aromatic 
halogen compounds were prepared for the purpose and purified by 
routine processes. 

Method.—In most cases, the quantities used were 1/40 molar. 
Equimolecular amounts of each halide were taken, magnesium in 
the same proportion, i.e.,1:1:1, and a fixed amount of ether 
(50 c.c. in a 1/40 molar experiment). The magnesium was placed 
in a litre round-bottom flask, fitted with a reflux condenser and drop- 
ping-funnel, suitable precautions being taken against the ingress of 
water and carbon dioxide. The halides were washed into the 
funnel with a littlé ether and run into the flask, and the rest of the 
ether was added in the same way. Iodine (not more than 1-5 mg., 
corresponding to 1/200,000 mol. of Grignard reagent) was added 
after a short time if the reaction did not start spontaneously. The 
flask was kept well shaken until no further reaction occurred, and 
the solution was at no time allowed to boil vigorously. The reactions 
were complete in 2—4 hours. The mixture was then treated with 
water, and with very dilute sulphuric acid. The ethereal layer was 
separated and washed with water, and the aqueous part together 
with the washings boiled to expel dissolved ether. This solution was 
then analysed. 

For very volatile halides, the reaction was carried out in a stout 
glass bottle of about 400 c.c. capacity, fitted with a ground glass 
stopper, the halides being introduced, and the stopper then tightly 
closed. It was not removed until the mixture was decomposed 
with water. 

The gaseous halides were stored over brine. The required volume 
of gas, 560 c.c. at N.J'.P. corresponding to 1/40 mol., corrected to 
prevailing conditions, was measured in a gas pipette, and displaced 
through two phosphoric oxide drying tubes into a spiral condenser 
surrounded with ice and salt or with ether and solid carbon dioxide 
according to the halides in use. The condensed halide passed 
straight into the reaction bottle, the latter having a protected air 
exit. The ether was added subsequently. When two gaseous 
halides were being used together (e.g., methyl chloride and bromide), 
a two-way tap introduced into the system enabled measurement 
to be made of each gas independently. The reaction bottle was 
kept at a suitable temperature during the reaction. 

The results obtained are shown below. The meaning of + may 


be explained by considering a bromide-iodide pair ; xp, is the fraction 
AA 
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of 1 mol. of bromide attacked by the metal, so that (1 — xg,) mol. 


of iodide (shown as 2) is attacked (per 1 mol. of magnesium). 


Radical. 


Methyl 
Ethyl 


n-Propyl! 


n-Butyl 


Radical. 
Methyl 


Ethyl 
n-Propyl 
n-Butyl 


Radical. 
Methyl 


Ethyl 


n-Propyl 


n-Butyl 


Radical. 
Pheny!] 


o-Tolyl 


m-Tolyl 


p-Tolyl 


Benzyl chloride—butyl bromide. 


Chloride-—bromide pairs. 


Mixed silver 
halides (g.). 


POSes 
bo bo bo 


pr: 
0-772 
0-752 
0-848 
0-776 
0-937 
0-878 


Tol. 


Peeoee 
Soe ton | 
bo Hh ow bo 


bo & & bo OO 


Iodide—chloride pairs. 


Mixed silver 
halides (g.). 
0-2653 
0-2598 
0-2589 
0:2623 
0-2440 
0-2410 
0-2409 
0-2412 


I. 
0-753 
0-705 
0-697 
0-727 
0-570 
0-541 
0-540 
0-542 


cl. 
0-247 
0-295 
0-303 
0:273 
0-430 
0-459 
0-460 
0-458 


Bromide-iodide pairs. 


Mixed silver 
halides (g.). 
0-2503 
0-2513 
0-2647 
0-2685 
0-2666 
0-2605 
0-2601 
0-2764 
0-2790 


Aromatic compounds. 


Mixed silver 
halides (g.). 
0-5227 
0-5233 
0-5244 
02371 
0-2396 
0-2400 
0-2431 
00-2405 
0:2445 
0-2440 


Vpr- 
0-710 
0-718 
0-490 
0-426 
0-458 
0-562 
0-568 
0-291 
0:247 


pr. 
0-505 
0-542 
0-534 
0-961 
0-916 
0-911 
0-858 
0-902 
0-834 
0-843 


Ty. 
0-290 
0-282 
0-510 
0-575 
0-542 
0-438 
0-432 
0-709 
0-753 


TX. 
0-495 
0-458 
0-466 
0-039 
0-084 
0-089 
0-142 
0-098 
0-166 
0-157 


Mean. 
Br. Zc 
0-76 0-24 
0-81 0-19 
0-91 0-09 
Mean. 
nat Tol 
0-73 0-27 
0-71 0-29 
0-56 0-44 
0-54 0-46 
Mean. 
“Br- of 
0-71 0-29 
0-46 0-54 
0-57 0-43 
0-27 0-73 
Mean. % 
Upr- Oo § 
0-52 0:48 
0-94 0:06 
0-88 0-12 
0-84 0-16 


By using 0-05 molar quantities, 
0-4395 g. and 0-4406 g. of mixed silver halides were obtained in two 
| 
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experiments, whence 2,, is 0-730 and 0-740, respectively, and the 
mean 2p, is 0-73 and xq 0-27. 


We acknowledge the receipt of a grant made to one of us by the 
Research Fund Committee of the Chemical Society. 


East Lonpon COLLEGE, 
UNIVERSITY OF LONDON. [Received, February 1st, 1928.] 


XCIII.—The Nitration of Mixed m-Dihalogenobenzenes. 
By Horace Atrrep Mayss and Eustace EBENEZER TURNER. 


WHEN this investigation was begun, it was hoped to make a complete 
study of the mononitration of the m- and p- mixed dihalogeno- 
benzenes, but experiments on the nitration of p-halogenoiodo- 
benzenes carried out in conjunction with Mr. C. R. Pinnell have 
shown that a direct comparison of such compounds is impracticable, 
owing to the readiness with which the iodine is expelled. This 
part of our work has beeh confirmed by van Hove (Bull. Acad. 
roy. Belg., 1926, 12, 801, 823). 

We have, however, made a thorough investigation of the mono- 
nitration of three mixed dihalogenobenzenes, with the results 
indicated by (I), (II) and (III): 


Cl Cl Br Me 
37 LO; 35 Os 52 @: % 9% 0% 
T 
62%, 63%, 46%, 320, 
(L.) (II.) (IIT.) (IV.) 


These results are interesting in comparison with those of Holle- 
man and his co-workers (Rec. trav. chim., 1900, 19, 188, 364; 1905, 
24, 146; 1913, 32, 134). Holleman showed that, under similar 
conditions, chloro-, bromo-, and iodo-benzene gave 69-99% and 
29-8%, 62-1% and 37-6%, and 58-7% and 41-1% of p- and o-nitro- 
derivatives, respectively. The ratio of ortho to para nitration for 
chlorine, bromine, and iodine in these compounds is therefore 0-43, 
0-61 and 0-70, or roughly 6:9:10. Our nitrations fall fairly well 
into line with Holleman’s results. For instance, when m-bromo- 
iodobenzene is nitrated, since both halogens have an approximately 
equal ortho-para directive ratio, nitration occurs to almost the 
same extent in positions 4 and 6 (III). The nitration of the other 
two compounds (I and II) illustrates the same point, for bromine 
jand iodine produce almost precisely the same effect when present 
in the meta-position to a chlorine atom. 
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It should be noted that the para-selecting volume effect of the 
iodine atom must be quite small. This follows equally from Holle- 
man’s results and from our own. 

Our mononitro-mixtures were analysed by means of the mixed- 
freezing-point curves and we resorted to common practice to over- 
come the difficulties due to the presence of a small amount of the 
2-nitro-compound. The mononitration of m-dichloro- and of 
m-dibromo-benzene produces 4% and 4-6%, respectively, of the 2- 
nitro-compound (Holleman and Reiding, Rec. trav. chim., 1904, 
23, 359; Holleman, ibid., 1906, 25, 187). 

Wibaut (ibid., 1913, 32, 244) obtained results for the mononitr- 
ation of m-chlorotoluene as shown in (IV). Now Holleman (Proc. 
K. Wetensch. Amsterdam, 1908, 14, 248; Rec. trav. chim., 1909, 28, 
408) showed that the ratio of ortho to para nitration of toluene 
(under conditions similar to those used by Wibaut and by ourselves) 
was 56-0: 40-9, 7.e., 1:37:1. Comparing (IV) with (III), it is 
perhaps surprising that only 59% nitration occurs in position 6. 

We have discovered a minor point which is somewhat difficult 
to explain. Korner, the only other worker to describe the nitration 
of mixed m-dihalogenobenzenes, found that 1-chloro-3-bromo- 
benzene yielded the 4- and 6-nitro-derivatives and that 1-chloro- 
3-iodobenzene yielded the 4-derivative and another, undefined 
compound (Gazzetta, 1874, 4,379). Onthe other hand, he stated that 
1-bromo-3-iodobenzene on nitration gave two mononitro-derivatives, 
one of which (no m. p. given) he thought might be the 2-nitro- 
compound. The second compound, m. p. 126-8°, he regarded as 
1-bromo-3-iodo-6-nitrobenzene, and described it as being convertible 
by alcoholic ammonia into 5-iodo-2-nitroaniline, also obtained by 
the action of the same reagent on 1 : 3-di-iodo-4-nitrobenzene. We 
have shown conclusively, however, that K6rner’s compound, m. p. 
126-8°, must be 1-bromo-3-iodo-4 : 6-dinitrobenzene, and that 

authentic 1-bromo-3-iodo-6-nitrobenzene melts at 76—76-5°. 


EXPERIMENTAL. 


Preparation of Materials required for plotting the Freezing-point 
Curves of the Mixtures.—The three m-dihalogenobenzenes were pre- 
pared from m-chloro- and m-bromo-aniline and had the b. p.’s 
given in the literature. 

3-Chloro-6-nitroaniline was prepared from m-chloroacetanilide by 
sulphonation, nitration, and removal of the sulpho-group according 
to D.R.-P. 206,345. A similar method was used successfully for 
the preparation of 3-bromo-6-nitroaniline. 

3-Chloro-4-nitroaniline was prepared by the direct nitration of 
m-chloroacetanilide: under the conditions recorded by Beilstein 


expe 
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and Kurbatow (Annalen, 1876, 182, 94), the nitration mixture 
occasionally ignited, and even when it did not it gave only a poor 
yield of the nitro-compound. The following method proved suit- 
able: A solution of m-chloroacetanilide (33 g.) in 30 c.c. of glacial 
acetic acid and 55 c.c. of concentrated sulphuric acid was kept at 
10° while 20 c.c. of nitric acid (d 1-5) were slowly added, and after 
1 hour the mixture was poured on ice. The separated nitro- 
compound was heated for 1 hour at 100° with excess of 60% sulph- 
uric acid, and the mixture then poured into water; on distillation 
with steam, 3-chloro-6-nitroaniline passed over (10 g.), leaving a 
residue (16-5 g.) of almost pure 3-chloro-4-nitroaniline (total yield 
of mononitro-compounds, 80%). 

m-Bromoacetanilide (70 g.) was similarly converted into 17 g. 
of 3-bromo-6-nitroaniline and 34 g. of 3-bromo-4-nitroaniline. 

1-Chloro-3-bromo-6-nitrobenzene was prepared by the Sandmeyer 
prosess from 3-bromo-6-nitroaniline. It had setting point 43-4° 
and m. p. 44-5° (K6érner gives 42-4°). 1-Chloro-3-bromo-4-nitro- 
benzene, from 3-chloro-6-nitroaniline, had setting point 48-4° and 
melted at 49-5° as stated by Korner. 

1-Chloro-3-iodo-6-nitrobenzene, from 3-chloro-4-nitroaniline, had 
setting point 61-8° and m. p. 63°. Kérner probably obtained this 
compound when he nitrated m-chloroiodobenzene, but he gave no 
m. p. 1-Chloro-3-iodo-4-nitrobenzene, from 3-chloro-6-nitroaniline 
(obtained by more than one process), had setting point 60-3°; it 
melted at 61-5° even after repeated crystallisation (Kérner gives 
m. p. 634°). 

1-Bromo-3-iodo-6-nitrobenzene, from 3-bromo-4-nitroaniline, had 
setting point 74-4° and melted at 76—76-5° (Found: AgBr + Agl, 
02544 g.; M, in camphor, 322. C,H,O,NBrI requires AgBr + 
AgI, 0-2531 g.; M, 328). Since Kérner gave m. p. 126-8°, two check 
experiments were made as follows: (a) a sample of the 3-bromo-4- 
nitroaniline used for the preparation was converted into 1-chloro- 
3-bromo-4-nitrobenzene, identical with the product obtained above 
from 3-chloro-6-nitroaniline. (b) m-Bromoiodobenzene was warmed 
with excess of nitric acid (d 1-5) and concentrated sulphuric acid, the 
cooled solution poured on ice, and the solid so obtained crystallised 
from alcohol ; it melted at 125—127°, and was clearly 1-brdmo-3-iodo- 
4: 6-dinitrobenzene (Found : AgBr + Agl, 0-2444 g.; M, in camphor, 
378. C,H,O,N,BrI requires AgBr + AgI, 0-2430 g.; M, 373). 
When warmed with piperidine, the substance was quantitatively 
converted into dinitrodipiperidinobenzene, m. p. 130°, identical with 
a specimen obtained from 1 : 3-dichloro-4 : 6-dinitrobenzene. 

1-Bromo-3-iodo-4-nitrobenzene, from 3-bromo-6-nitroaniline, had 
the m. p. recorded by Kérner (83-5°), and setting point 82:-1°. 
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Nitration of the Dihalogenobenzenes.—The halogen compound was 
slowly added to well-stirred nitric acid (d 1-5), kept at — 5°, stirring 
was continued for } hour, and the solution was then poured on ice, 
The precipitate was washed and dried in the usual manner. Mole. 
cular-weight determinations and analyses were carried out in order 
to make sure that dinitro-compounds were absent. 

Sufficient nitric acid was used to effect complete solution in each 
ease. 5 G. of chlorobromo-, chloroiodo-, and bromoiodo-benzene 
dissolved respectively in 10-5, 13-3, and 15-5 g. of nitric acid. The 
bromoiodo-compound dissolves rather slowly, and the fact that 
Korner warmed the mixture to effect solution no doubt accounts 
for his obtaining a dinitro-compound. 

Freezing Points.—These were determined by means of a standard 
thermometer graduated in fifths of a degree and capable of being 
read to tenths. The mixtures of isomerides were melted in a test- 
tube, which was then immersed in a well-stirred bath kept at a 
suitable temperature. 

Determination of the Compositions of Mixtures of the Nitro-com- 
pounds.—Freezing-point curves were determined for a number of 
known mixtures of the two isomerides produced in each nitration. 
The curves obtained for the chlorobromo- and chloroiodo-nitro- 
compounds each showed one well-defined minimum point but no 
other appreciable inflexion. The curve for the bromoiodonitro- 
compounds was almost flat in the region corresponding to 75—45% 
of 1-bromo-3-iodo-6-nitrobenzene. The actual f. p.’s of various 
mixtures were as follows : 


1-Chloro-3-bromo-6-nitrobenzene (A) and_ 1-chloro-3-bromo-4- 
nitrobenzene (B). 


Ta 100 92:74 85:57 7953 72-74 67-42 
A See 43-4° 41-99 39:9° 383° 870° - 36-1° 
ae 62:25 57-79 54-00 

a 368° 375°  38-2° 

a rn 100 95-01 8931 84:26 79-9 76-27 
SN aiachbahcbne 484° 47-42 462° 452° 44-2 «437° 
RE 68-12 64-64 61-0 57-42 54-68 

BUD. aisce.sestss 422° 415° 406° 39-92 = 39-32 


1-Chlorg-3-iodo-6-nitrobenzene (A) and _ 1-chloro-3-iodo-4-nitro- 
benzene (B). 


ee octets 100 95-03 90-9 82-39 76-41 70-9 
oe a 61-8° 58-7° 56-4° 51-2° 47-3° 43-5° 
BM |) dice 60:59 53-99 49-87 47-64 

ee 37-2° 31-3° 30-6° 30-4° 

, 100 94-47 90-14 84-42 78-22 71-83 
PM hievcaictea 60-3° 57-3° 54-8° 51-8° 47-8° 43-3° 
nt gh AL Sot 64-64 57-82 


BaP, nob seeeesitt 38:1° 33-0° 


4 . 
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ie mp 


THE NITRATION OF MIXED ™-DIHALOGENOBENZENES. 695 


1-Bromo-3-iodo-6-nitrobenzene (A) and 1-bromo-3-iodo-4-nitro- 
benzene (B). 


oS Leet 100 94-83 89-14 82:92 77-23 72:26 
Fee wee 74-4° 73-4° 71-8° 70-1° 69-3° 68-9° 
Py eae 67-78 6414 60-28 56-46 52-83 
WG 1h cadocees 68-8° 68-8° 68-7° 68-5° 68-4° 
B48? ssiisl..t 100 93-30 8926 85:62 81:92 78&71 
i itatdiss 82-1° 80-0° 78-4° 77-4° 75+8° 74:7° 
A so scamceann 75:19 71:33 67:6 64-2 59-06 
We prasercgstes 73-5° 72-2° 711° 70-0° 68-9° 


The freezing point of each crude, dry nitration product was deter- 
mined. A known quantity of one of the isomerides was added, and 
the f. p. again determined. In every case, the second point con- 
formed to the curve constructed with the above figures. In the case 
of the chlorobromo- and chloroiodo-compounds (experiments IV and 
V with the former, and ITI, IV, and V with the latter) sufficient of 
one isomeride was added to give a f. p. on the other arm of the curve. 
This gave a second figure with which to calculate the original com- 
position. In both series the composition of the original product 
corresponded to a point on the arm of the curve plotted when A 
was added to B, so that the first f. p. gave the amount of B present 
and the second point gave the amount of A present in the new 
mixture (i.e., after addition of a known amount of A). Taking the 
mean of the values obtained, we find that the sum A + B is some- 
what less than 100%, indicating almost certainly the presence of a 
little of the 2-nitro-derivative. 

The composition of the nitration product of m-bromoiodobenzene 
corresponded to a point on the flat portion of the curve. Both A 
and B were therefore added in two different experiments, so as to 
obtain two freezing points, one on each side of the curve. The f. p. 
of the original nitro-compound always lay slightly below the lowest 
point on the curve, indicating the presence of a little of the 2-nitro- 
derivative. This was confirmed by the values obtained for the 
proportion of A and B present. 

In this method of calculation, the assumption is niade that a 
small quantity of the 2-nitro-derivative causes the same depression 
of f. p. as an equal quantity of A or of B. The results obtained 
are as follows : 

Nitration of m-chlorobromobenzene. Experiment I. F. p. of pro- 
duct, 40-9° (Found : AgCl + AgBr, 0-2870 g.; M, in camphor, 235. 
Cale. for mononitro-mixture : AgCl + AgBr, 0-2854 g.; M, 236-5). 
Addition of A lowered f. p., and therefore the mixture contained 
62:0% of B. When 0-2032 g. of A was added to 2-6020 g. of mixture, 
the new mixture had f. p. 40-1°, corresponding to 57-5% of B. 
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Experiment II. F. p. of product, 41-:2°, corresponding to 63-5% 
of B. On addition of 0-1556 g. of B to 1-9492 g. of mixture, the f. p. 
became 41-8°, corresponding to 66-2% of B. Further addition of 
B (0-1781 g.) to 2-1048 g. of the second mixture gave a third mixture 
with f. p. 42-3°, corresponding to 68-9% of B. 

Experiment III. F. p. of product, 40-6°, corresponding to 61-:0% 
of B. 0-2075 G. of B added to 1-6656 g. of product. New f. p., 41-6°, 
corresponding to 65-4% of B. 

Experiment IV. F.p. of product, 40-8°, corresponding to 61-5% 
of B. 0-4690 G. of A added to 0-3025 g. of product. New f. p., 
37-6°, corresponding to 75-5° of A in new mixture, 1.¢., to 37-6% 
of A in original mixture. 

Experiment V. F. p. of product, 40-7°, corresponding to 61-3% 
of B. 0-5352 G. of A added to 0-5130 g. of product. New f. p., 
36-5°, corresponding to 70-0% of A, so that the original mixture 
contained 36-3% of A. 

Mean % of A found: 37-0. Mean % of B found: 61-9. Prob- 
ably 1% of 2-nitro-derivative. 

Nitration of m-chloroiodobenzene. ExperimentI. F. p. of product, 
36-4° (Found : AgCl + AglI, 0-2857 g.; M, in camphor, 288. Cale. 
for mononitro-mixture: AgCl + AgI, 0-2865 g.; M, 283°5), 
Addition of B raised f. p., so that mixture contained 62-5% of B. 
0-0522 G. of B added to 0-9310 g. of product. New f. p., 37-7°, 
corresponding to 64-5% of B. 

Experiment II. F. p. of product 36-1°, corresponding to 62-2% 
of B. 0-1456 G. of B added to 3-075 g. of product. New f. p., 37-3°, 
corresponding to 64:0% of B. 

Experiment III. F. p. of product, 37-2°, corresponding to 63-5% 
of B. 0-4020 G. of A added to 0-6805 g. of product. New f. p., 
35-8°, corresponding to 59-0% of A. Original mixture therefore 
contained 34:8% of A. 

Experiment IV. F. p. of product, 37-2°, corresponding to 63-5% 
of B. 0-2978 G. of A added to 0-6202 g. of product. New f. p., 
33-6°, corresponding to 56-5°% of A. Original mixture therefore 
contained 35-6°% of A. 

Experiment V. F. p. of product, 36-6°, corresponding to 62-7% 
of B. 1-3670 G. of A added to 2-3755 g. of product. New f. p., 
35-8°, corresponding to 59-0°% of A. Original mixture therefore 
contained 35-3% of A. 

Mean % of A found: 35-2. Mean % of B found: 62-9. Prob- 
ably 2% of 2-nitro-derivative. 

Nitration of m-bromoiodobenzene. Experiment I. F. p. of pro- 
duct, 68-2° (Found: AgBr + AglI, 0-2635 g.; M, in camphor, 
320. Calc. for mononitro-mixture: AgBr + AglI, 0-2628 g.; WU, 
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328). 1-5896 G. of A added to 1-7300 g. of product. New f. p., 
69-1°, corresponding to 75-39% of A. Original mixture therefore 
contained 526% of A. 

Experiment II. F. p. of product, 68-0°. 1-0012 G. of B. added 
to 0-9254 g. of product. New f. p., 73-0°, corresponding to 73-6% 
of B. Original mixture therefore contained 45-1% of B. 

Experiment III. F. p. of product, 68-1°. 1-2375 G. of B added 
to 0-3745 g. of product. New f. p., 77-8°, corresponding to 87-5% 
of B. Original mixture therefore contained 46-1% of B. 

Experiment IV. F. p. of product, 67-9°. 1-3080 G. of A added 
to 0-4150 g. of product. New f. p., 71-4°, corresponding to 881% 
of A. Original mixture therefore contained 50-6% of. A. 

Experiment V. 1-5005 G. of the mixture prepared in experiment 
III (87-5% of B) was added to 1-5390 g. of the mixture from experi- 
ment IV (88-1% of A). New mixture had f. p. 68-2°, and contained 
508% of A. 

Mean % of A found: 51-6. Mean % of B found: 45-6. Prob- 
ably 3% of 2-nitro-derivative. 


One of us is indebted to the Research Fund Committee of the 
Chemical Society for a grant in aid of this investigation. 


East LonpDoN COLLEGE, 
University oF Lonpon. [Received, February 1st, 1928.] 


XCIV.—Derivatives of 1:3-Dithiolan and of 
1: 3-Dithian. 
By Jonn CHARLES ALEXANDER CHIVERS and SAMUEL SMILEs. 


Ix a previous communication (J., 1926, 1723) it was shown that the 
reaction of aromatic disulphoxides with substances of the type of 
ethyl malonate, deoxybenzoin, phloroglucinol, and the naphthols in 
presence of alkali affords a means of inserting the thioaryl group 
in these substances. Subsequent experiments, which are now 
described, have been directed to the behaviour under similar 
conditions of the substances obtained (Otto, Ber., 1882, 15, 121; 
1886, 19, 1235; 1887, 20, 2074; 1892, 25, 1477) from alkyl halides 
and aromatic thiolsulphonates. The known reactions of these 
products (Otto, loc. cit.) are similar to those of the aromatic disul- 
phoxides and clearly indicate the presence of the thiolsulphonate 
structure (e.g., I). 
CH,°C,H,'SO,'SR 

(I.) CH,°C,H,SO,°S°C,H; —— Na'CH(CO,Et), (I1.) 
It was therefore expected that these disulphoxides of mixed fatty 

AA2 
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aromatic character would provide a new method of obtaining alkyl- 
thiol derivatives of the naphthols, malonic acid, and similar com- 
pounds (II). Thioalkyl sulphonates are very easily decomposed by 
alkali hydroxide and it was found that with this reagent, which was 
successfully employed in dealing with aromatic thiolsulphonates, 
none of the required thioalkyl derivatives could be isolated from 
among the usual products of hydrolysis. When potassium acetate 
was used to provide the necessary alkaline medium, the desired 
substitution products were obtained; e.g., dibenzyl disulphoxide 
yielded with deoxybenzoin the mercaptol of benzil (III), with ethyl 
malonate, after hydrolysis of the product, benzylthiolacetic acid (IV) 
was obtained, and @-naphthol and ethylene ditoluene-p-thiolsul- 
phonate (V) yielded the ethylene ether of 1-thiol-2-naphthol (VI). 


(III) (CH,Ph:S),CPh-COPh OH,“S:SO,C,H,Me 
(IV.) CH,Ph-S-CH,-CO,H CH,-S-S0,°C,H,Me 


These preliminary results led to the study of the formation of 
cyclic 1: 3-dithio-systems from dithiolsulphonates derived from 
ethane, propane, and pentane (compare V). The behaviour of 
deoxybenzoin with dibenzyl disulphoxide and aromatic disul- 
phoxides (loc. cit.) showed that the dithiol derivatives (e.g., III) are 
formed even when excess of the ketone is present. Accordingly, this 
substance readily furnished the cyclic mercaptols of benzil (VII and 
VIII), but with the «e-pentanedithiolsulphonate no trace of the 
analogous 8-membered ring was isolated. With ethyl malonate 
and the aromatic disulphoxides or, benzyl disulphoxide, only mono- 
substitution products (e.g., [V) were encountered even when excess of 


CH,S'C;,H,OH  CH,'S Ph CH ont coPh 

CH,'S:C,,H,"OH ‘H-s7 “<coPh , pe <coph 
(VI.) (VIL.) (VIII.) 

the disulphoxide was present. It is therefore remarkable that the 

ethane and wy-propane derivatives gave excellent yields of the cyclic 


compounds resulting from disubstitution of the malonic nucleus (IX 
and X), and when excess of malonate was present only very small 


HH, ; 
ax.) 98S. cH.co,H CH<oe H-CO,H (X.) 
oa re : ait 00; 


quantities of the monosubstituted type (XI) could be detected in the 
product. On the other hand, in the case of the «e-pentanedithiol- 


H,-S-CH,-CO,H Ph 
(XI.) CH, 2V\"2 H (XII.) 
CH,’S-CH,°CO,H Cs <><on 


(V.) 


sulphonate no cyclic derivative was formed and only small yields 
of the open-chain acid (type XI) were isolated. These results 
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clearly indicate the favourable configurations of the 5- and 6-mem- 
bered rings contained by the 1: 3-dithiolan and 1: 3-dithian 
systems. Although these systems resist fission by mild oxidising 
agents, being then converted into disulphones (compare Fasbender, 
Ber., 1888, 24, 1473; Autenrieth, Ber., 1899, 32, 1239), they are 
remarkably sensitive to halogens. In cold acetic acid bromine 
expels the 2-carbon atom with its substituents and liberates a poly- 
meric sulphide derived from ethane or propane. It seems that this 
characteristic decomposition is preceded by the formation of an 
additive product, since the unstable dibromide of 1 : 3-dithiolan- 
2-carboxylic acid could be isolated under special conditions and the 
di-iodides of this acid and of 1 : 3-dithian-2-carboxylic acid were also 
obtained. Oxidation of these acids with hydrogen peroxide led to 
the unsubstituted disulphones and loss of carbon dioxide; but they 
were destroyed by cold nitric acid. In the 2-phenyl-1 : 3-benz- 
dithiole series, bromine and nitric acid yield salts (J., 1926, 1823) 
derived from a pseudo-base (XII), but similar derivatives could not 
be obtained from the saturated ring-systems now investigated, and 
no evidence even of their transitory existence during the action of 
these reagents could be discovered. 


EXPERIMENTAL. 


Reactions of Benzyl Disulphoxide.—(a) With deoxybenzoin. After 
a solution of the disulphoxide (2 mols.), deoxybenzoin (1 mol.), and 
potassium acetate (5—6 mols.) in alcohol had been boiled for 6 
hours, the solvent was evaporated and the residue rendered alkaline 
with aqueous sodium carbonate. An ethereal extract of the product 
contained benzyl disulphide and the monomercaptol of benzil, which 
could not be satisfactorily separated by the usual means. The 
latter substance was isolated as the dioxide by treating the crude 
product with hydrogen peroxide in warm acetic acid. The dioxide 
of the benzyl mercaptol of benzil separated from the cooled reaction 
mixture in needles, which were purified from alcohol; m. p. 167° 
(Found: C, 70:7; H, 5-1; M, 494. C,,H,,0,8, requires C, 71-1; 
H, 51%; M, 472). 

(b) With ethyl malonate. Interaction of the disulphoxide (1 mol.) 
arid the ester (1-5 mols.) was conducted under conditions similar to 
those already described. The residue from theethereal extract was 
boiled with concentrated hydrochloric acid until hydrolysis was 
complete. Evaporation of the aqueous acid yielded benzylthiol- 
acetic acid, m. p. 60° (Gabriel, Ber., 1879, 12, 1641) (Found: C, 
59-5; H, 5:4. Cale.: C, 59-3; H, 55%). 

Reactions of Ethane-«$-di-p-toluenethiolsulphonate (V).—(a) With 
deoxybenzoin. The interaction of the ketone (2-6 g.) and thiol- 
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sulphonate (5 g.) in presence of potassium acetate (6 g.) was con- 
ducted in boiling alcohol as usual. The residue from the solvent 
was purified from alcohol; the 2-benzoyl-2-phenyl-1 : 3-dithiolan, 
m. p. 94—95°, then isolated was identical with the product obtained 
from «$-dithiolethane and benzil (Hurtley and Smiles, J., 1926, 
2267). 

(b) With ethyl malonate. Interaction of this ester (5 g.) with the 
thiolsulphonate (12 g.) in presence of potassium carbonate (8 g.) 
was effected in boiling alcohol (6 hours). The solvent was removed, 
and the residue rendered alkaline with sodium carbonate. The 
portion soluble in ether was boiled with concentrated hydrochloric 
acid for 8 hours and when the solution obtained was concentrated 
and cooled, 1 : 3-dithiolan-2-carboxylic acid (IX) separated in the 
crystalline state. From benzene this substance was obtained in 
prisms, m. p. 90° (Found: C, 32:3; H, 43; M, 154. C,H,0,S, 
requires C, 32-0; H, 4:04; M, 150). The solution from which this 
material separated after hydrolysis of the ester yielded a small 
quantity of ethylenedithiolacetic acid (m. p. 107°), showing the 
characteristic behaviour with cuprous oxide described by Ramberg 
and Tiberg (Ber., 1914, 47, 733). When the reaction was carried 
out in presence of excess of ethyl malonate, the amount of this acid 
formed was somewhat greater but was always less than that of the 
cyclic compound. 1 : 3-Dithiolan-2-carboxylic acid dibromide was 
obtained in the crystalline state by cautiously adding bromine to 
a solution of the acid in low-boiling petroleum. The substance 
rapidly decomposed, yielding hydrogen bromide, carbon dioxide, 
and the insoluble ethylene polysulphide, but immediate analysis 
showed the composition (Found: Br, 50°3. C,H,O,Br,S, requires 
Br, 517%). The corresponding di-iodide was isolated by adding a 
little bromine to a solution of the acid (1 mol.) and iodine (2 mols.) 
in low-boiling petroleum. It was more stable than the bromine 
derivative, but could not be purified without decomposition (Found : 
I, 62:3. C,H,O,I,S, requires I, 62-8%). 

Oxidation of 1 : 3-dithiolan-2-carboxylic acid was effected by 
excess of hydrogen peroxide in warm acetic acid. After the evolu- 
tion of carbon dioxide had subsided, the 1 : 3-dithiolan tetroxide 
separated (yield 50%) from the cooled liquid. It was identified 
(m. p. 203—204°) in the usual manner and by conversion into the 
dibromo-derivative (m. p. 271—272°) (Baumann and Walter, Ber., 
1893, 26, 1129). 

i Propane-wy-di-p-toluenethiolsulphonate (compare V) was prepared 
from the interaction of «y-dibromopropane and potassium p- 
tolylthiolsulphonate in boiling alcohol. The viscous material 
obtained after removal of the solvent solidified when dried and 
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kept in a vacuum. The required substance separated from a 
cooled mixture of ethyl acetate and alcohol in needles, m. p. 
65—67° (Found: C, 48-6; H, 4-9. C,,H, 90,8, requires C, 49-0; 
H, 48%). 

(a) Reaction with deoxybenzoin. Interaction of this ketone (4-6 g.) 
and the thiolsulphonate (12 g.) was conducted as usual in presence 
of potassium acetate (8 g.). The crude material was purified from 
alcohol, 2-benzoyl-2-phenyl-1 : 3-dithian (VIII) being obtained in 
needles, m. p. 99—100° (Found: §, 21-6; M, 296. C,,H,,08, 
requires 8, 21-4; M, 300). 

(b) Reaction with ethyl malonate. Reaction of the ester with the 
thiolsulphonate was effected in presence of potassium acetate in 
boiling alcohol. The crystalline material obtained after hydrolysis 
of the crude product with hydrochloric acid was purified from hot 
water. The resulting 1 : 3-dithian-2-carboxylic acid (X) had m. p. 
115—116° (Found: C, 36-5; H, 48; M, 171. C;H,O,S, requires 
C, 36-6; H, 48%; MM, 164). 

When it was treated with hydrogen peroxide in warm acetic acid, 
the cyclic disulphone (m. p. 287°) described by Autenrieth and 
Wolff (Ber., 1899, 32, 1375) was obtained; it was further identified 
by conversion into the dibromo-derivative described by these 
authors. The additive product of this acid with bromine could not 
be isolated owing to its instability, but the di-iodo-derivative was 
readily obtained in the crystalline state (Found: I, 60-8. 
C;H,O,S8,I, requires I, 60-8%). 

Pentane-ae-di-p-toluenethiolsulphonate.—The material obtained in 
the usual manner from «e-dibromopentane and potassium p-tolyl- 
thiolsulphonate solidified after remaining 3 weeks in a vacuum. 
The substance separated from various solvents as a clear, viscous 
liquid, considered unfit for analysis; it showed the usual reactions 
of the ethane and propane derivatives already described. Reaction 
with ethyl malonate was conducted as usual in presence of potassium 
acetate. After hydrolysis of the product a small amount of pentane- 
xe-dithiolacetic acid (compare XI) was isolated, m. p. 91—92° (Found : 
C, 42-9; H, 66. C,H,,0,8, requires C, 42:8; H, 63%). This 
substance was further identified by preparation from «e-dibromo- 
pentane and thiolacetic acid. The dibromide (11-5 g.) was slowly 
added to a boiling solution of thiolacetic acid (9-2 g.) and potassium 
hydroxide (12 g.) in water (50 c.c.). After 3 hours the solution was 
cooled and filtered. When 50% sulphuric acid was added to the 
clear liquid, an almost theoretical yield of the required acid was 
obtained. This was identical with the product isolated from the 
interaction of the thiolsulphonate with ethyl malonate; it separated 
from benzene in fine needles. 
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In conclusion, we desire to express our thanks to the Department 
of Scientific and Industrial Research for a grant which has enabled 
one of us to take part in these experiments. 


Kine’s Cottece, Lonpon. [Received, January 14th, 1928.] 


XCV.—The Condensation of Certain Aldehydes with 
Ketones of the Morphine Group. 


By Jonn Masson GULLAND. 


THE position of the hydroxyl group in hydroxycodeinone and its 
derivatives (Freund and Speyer, J. pr. Chem., 1916, 94, 135; 
Speyer, Selig, and Heil, Annalen, 1922, 430, 1) is an important factor 
in determining the constitution of thebaine. Gulland and Robinson 
(Mem. Manchester Phil. Soc., 1925, 69, No. 10), in showing that 
the properties of hydroxycodeinone are satisfied only by placing the 
hydroxy] in position 14, proved that hydroxydihydrocodeinone con- 
tains the group CO-CH,. One of the steps of this proof consisted 
in the preparation of dianhydro-6-aminopiperonalhydroxydihydro- 
codeinone by the condensation of the ketone with 6-aminopiperonal. 
This quinoline derivative exhibited no fluorescence when dissolved 
in concentrated sulphuric acid, and thus differed from the simple 
methylenedioxyquinolines and also from dianhydro-6-aminopiper- 
onalthebainone (Gulland and Robinson, J., 1923, 123, 998). The 
absence of this apparently characteristic fluorescence might be con- 
sidered to weaken the evidence in favour of the presence of a 
CO-CH, group, but it is now shown that dihydrocodeinone condenses 
with 6-aminopiperonal, yielding dianhydro-6-aminopiperonaldthydro- 
codeinone (I), which dissolves in concentrated sulphuric acid and 
in other solvents without exhibiting fluorescence. Dihydrocodeinone 
undoubtedly contains a CO-CH, group, and it would thus appear 
that the quinoline bases of this type, in which the attached groups 
form the larger part of the molecule, do not necessarily yield fluor- 
escent solutions. 

The present communication contains also a brief account of a 
number of experiments which were carried out in the hope of demon- 
strating, by the preparation of crystalline benzylidene derivatives, 
that the phenolic ketones of the morphine series contain a 
CH,°CO-CH, group (compare Gulland and Robinson, ibid., pp. 980, 
998). It may readily be shown that these bases contain one reactive 
methylene group; for example, benzylidenehydroxydihydrothebainone 
(II) is formed in quantitative yield when hydroxydihydrothebainone 
(Freund and Speyer, Joc. cit.) is condensed with benzaldehyde in 
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alkaline solution. Attempts to show the presence of the second 
methylene group by the interaction of this benzylidene derivative 
with 6-aminopiperonal were fruitless, and, as Schépf has already 
indicated (Annalen, 1927, 452, 211), this inactivity is comparable 
with that observed in the case of dehydrocholic acid (Borsche and 
Frank, Ber., 1924, 57, 1373) and 3-methylcyclohexanone (Ruzicka, 
Helv. Chim. Acta, 1926, 9, 101). 

Piperonylidene- and benzylidene-thebainone have now been obtained 
in crystalline condition, and the catalytic reduction of the latter 
substance yields a mixture of two benzylthebainones (III), (A) m. p. 
229° and (B) m. p. 179°, which are presumably stereoisomeric about 
carbon atom 7. These substances are isomeric with, but different 
from, benzylidenethebainol, which is prepared by the condensation of 
benzaldehyde and thebainol. 


MeO @ Meo \ 
HO HO 
| WA 


fei \ 2" a | 
0 pms I — ‘ H, 
C C CH ‘ (CH-NMe 


A sai, 
HCs «CH NMe HC | penta BC :,.o 
H|—CH, dn “Fas | 

OC 


N= t 2 Hy OC CH, 
| ’ “ 
} ui abet ‘\ 
CH,0,:C,H,*CH CHPh fi, 
(I.) (II.) PhH,C  _-—4Hi (11.) 


EXPERIMENTAL. 


Dianhydro-6-aminopiperonaldihydrocodeinone.—A solution of 
sodium (1 g.) in hot ethyl alcohol (25 c.c.) is mixed with a solution 
cf dihydrocodeinone (2 g.) and 6-aminopiperonal (1-1 g.) in ethyl 
alcohol (5 c.c.) and boiled gently for several minutes. The product, 
which separates from the hot solution in yellow leaflets, after being 
washed, and dried at 100° (2-2 g.), crystallises from benzene in colour- 
less, rectangular leaflets, m. p. 270—271-5° (Found : C, 73-3; H, 5-8. 
C.gH,,0,N, requires C, 72-9; H, 5-6%). It is very sparingly soluble 
in hot methyl or ethyl alcohol or in ethyl acetate. The solution in 
concentrated sulphuric acid is colourless and shows no fluorescence. 
The substance is a non-phenolic base, which contains a methylene- 
dioxy-group, since it responds to Gadamer’s test (Arch. Pharm., 
1920, 258, 148). 

The methiodide, prepared by boiling the base and an excess of 
methyl iodide in methyl alcohol under reflux for 20 minutes, 
evaporating the solvent, rubbing the residual yellow gum with hot 
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ethyl acetate, and grinding the hardened mass with boiling chloro. 
form (the chloroform contains a small quantity of material which 
was not examined), is obtained, after crystallising twice from methy] 
alcohol, in pale yellow tablets which become orange at 200°, gradually 
soften, and decompose finally at about 260° (Found: C, 56-7; 
H, 4:9. C,gH,,0,N,,Mel requires C, 56-8; H, 4:7%). 
Benzylidenehydroxydihydrothebainone.—A solution of benzaldehyde 
(4 g.) and hydroxydihydrothebainone (2-5 g.) in alcoholic potassium 
hydroxide (25 c.c. of 4%), after being kept at room temperature for 
48 hours, is mixed with water, acidified with hydrochloric acid, and 
extracted with ether. The residual ether having been removed 
in a current of air, potassium bicarbonate precipitates a small 
fraction only of the product, which may be crystallised from benzene- 
ligroin and then from ethyl alcohol. The remainder of the benzyl- 
idene derivative separates as an oil when the aqueous filtrate is heated 
on the water-bath for 30 minutes, and solidifies on cooling. It 
separates from ethyl alcohol in yellow, coarse, pyramidal crystals, 
m. p. 188° (Found: C, 74:0; H, 6-7. C,;H,,0O,;N requires C, 74-1; 
H, 6:7%). The colorations developed with concentrated sulphuric 
acid, concentrated hydrochloric acid, and alcoholic sodium hydroxide 
are orange-red, very faint yellow, and orange-yellow, respectively. 
Attempts to prepare a quinoline derivative by condensing the 
substance with 6-aminopiperonal were fruitless. 
Benzylidenethebainone.—A solution of thebainone (Pschorr, Pfaff, 
and Herrschmann, Ber., 1905, 38, 3160) (12 g.) and freshly distilled 
benzaldehyde (16 g.) in ethyl-alcoholic potassium hydroxide (120 c.c. 
of 5%) is kept in a closed flask at room temperature for 48 hours. 
The red colour due to the presence of the sodium salt of thebainone 
changes to a very intense crimson. The solution is poured into water 
(600 c.c.), just acidified with dilute hydrochloric acid, extracted 
twice with benzene to remove the excess of benzaldehyde, and 
neutralised with potassium bicarbonate solution. The flocculent 
precipitate slowly becomes crystalline, but readily when seeded. 
After being washed thoroughly with water to remove all traces of 
bicarbonate, dried on porous tile and then in a vacuum desiccator, 
it is crystallised from ethyl alcohol, benzylidenethebainone being 
obtained in canary-yellow needles, m. p. 233° (Found: C, 77-7; 
H, 6-7. ©,;H,;0,N requires C, 77-5; H, 65%). This substance 
dissolves readily in benzene and chloroform, is insoluble in light 
petroleum, forms an intense crimson solution in dilute alkali, is 
easily soluble in organic acids or in dilute mineral acids, yielding 
yellow solutions, and develops a brilliant green colour with alcoholic 
ferric chloride. in concentrated hydrochloric or sulphuric acid a deep 
red colour is produced which is discharged on dilution with water. 
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The methiodide (compare Gulland and Robinson, loc. cit.), prepared 
by warming a suspension of the base (1 g.) in ethyl alcohol (5 c.c.) 
and methyl] iodide (1 c.c.) until it dissolves, separates, on cooling, 
in fine yellow needles, and recrystallises from ethyl alcohol in the 
same form, m. p. 195—197° (decomp.) (Found: C, 59-0; H, 5:3. 
C,;H,;0,N,Mel requires C, 59-0; H, 53%). 

Piperonylidenethebainone is prepared from thebainone (2 g.), 
piperonal (4 g.), and ethyl-alcoholic potassium hydroxide (20 c.c. of 
5%) in the manner described in the case of benzylidenethebainone 
(yield of yellow, semi-crystalline product, 2-7 g.). It is extremely 
soluble in the usual organic solvents, except ligroin, but it crystallises 
from a little ethyl alcohol in yellow, wart-like aggregates of crystals, 
m. p. 176° after drying at 100° (Found : C, 72-1; H, 5-7. C,,H,;0;N 
requires C, 72-4; H, 5-8%). The solution in concentrated hydro- 
chloric or sulphuric acid is intensely reddish-purple and becomes 
pale yellow on dilution with water. 

Reduction of Benzylidenethebainone. The Isomeric Benzylthebain- 
ones (A) and (B).—A solution of benzylidenethebainone (6-5 g.) in 
water (80 ¢.c.) and acetic acid (5 c.c.), when shaken with palladous 
chloride solution (15 c.c. of 1%) in an atmosphere of hydrogen, 
absorbs 1 mol. of the gas in about 20 minutes. Absorption then 
ceases. The palladium is precipitated and removed, and potassium 
bicarbonate solution added to the filtrate. The colourless, amorph- 
ous precipitate produced is dried on porous tile and dissolved in 
the minimum of boiling alcohol; on cooling, small colourless needles 
form on the sides of the vessel, and these are collected (A, 0-3 g.) 
before the appearance of a mass of felted needles, which fill the 
body of the liquid. The filtrate, after being concentrated, slowly 
deposits colourless needles or plates (B, 5 g.). 

Benzylthebainone (A) is sparingly soluble in alcohol, and separates 
from this solvent in colourless needles, m. p. 229° (Found : C, 77-0; 
H, 6-9. C,;H,,O,N requires C, 77:1; H, 6-9%). The sodium salt 
is orange in colour, and the base exhibits an orange halochromic 
colour in concentrated hydrochloric acid and a bright red in con- 
centrated sulphuric acid. It was recovered unchanged after an 
attempt to condense it with 6-aminopiperonal in presence of hot 
ethyl-alcoholic sodium ethoxide. 

The semicarbazone is formed when a mixture of the base and an 
excess of semicarbazide hydrochloride and potassium acetate in 
dilute acetic acid is kept at room temperature over-night. The 
product is precipitated by ammonia, and after drying, is obtained 
as a microcrystalline powder, m. p. 155—160°, by repeated precipit- 
ation from benzene by means of ligroin (Found: N, 12:2. 
CgH,,0,N, requires N, 12-5%). 
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Benzylthebainone (B) separates from ethyl alcohol in plates, 
m. p. 179° (Found: C, 76-8; H, 7-0. C,;H,,0,N requires C, 77-1; 
H, 6-9%), or in needles which lose solvent and become pasty at about 
110° (Found : loss at 100°, 5-3. Required for }EtOH, 5-6%. Found 
in dried material : C, 77-3; H, 7-1%). Each of these forms may be 
obtained free from the other by utilising the following facts: (j) 
The plates separate first and pass into the needle form after remain 
ing for some time in contact with the solvent, and (ii) the needles 
dissolve more rapidly than the plates when a suspension of the two 
forms is warmed with ethyl alcohol. Both forms of this substance 
are more soluble than the isomeride (A), and show the same halo. 
chromic colours; the sparingly soluble, orange sodium salt separates 
in needles when a hot slightly alkaline solution is cooled. The base 
was recovered unchanged after an attempt to condense it with 
6-aminopiperonal. 

The semicarbazone, prepared as described in the case of the 
isomeride (A), crystallises from dilute ethyl alcohol in needles, m. p. 
140—145° (unaltered by further crystallisation) (Found in material 
dried at 100°; C, 69-0; H, 6-8. Cy gHg,0,N, requires C, 69-9; 
H, 68%). 

The oxime, prepared in a similar manner, is precipitated by sodium 
carbonate, collected, and dried on porous tile. It becomes crystal- 
line on boiling with ethy! alcohol, and is then collected and recrystal- 
lised from the same solvent, from which it separates in colourless 
columns, m. p. 152° (Found : N, 6-7. C,;H,.0,N, requires N, 6-9%). 
This oxime is not reduced when a solution in dilute acetic acid is 
shaken with palladium and hydrogen (compare Speyer, Selig, and 
Heil, loc. cit.). 

Benzylidenethebainol.—The condensation of benzaldehyde (3 g.) 
with thebainol (2 g.) is carried out in the manner described in the 
case of benzylidenethebainone. Benzylidenethebainol crystallises 
from ethyl alcohol in faintly yellow needles, m. p. 100—102° (Found 
in material dried at 100°; C, 77-1; H, 7-2. C,;H,,0O,N: requires 
C, 77-1; H, 6-9%). The solution in concentrated sulphurie acid 
is orange-red, in concentrated hydrochloric acid yellow, and these 
colours are discharged on dilution with water. The solution in 
alcoholic or hot aqueous sodium hydroxide is orange-yellow. 


The author wishes to thank Professor Robinson for the interest 
which he has taken in this work, and acknowledges his indebtedness 
to the Chemical Society for a grant which has defrayed a part of 
the cost of the investigation. 
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XCVI.—Cryoscopic Evidence of Compound Formation 
in Mixtures of Organic Liquids. 


By WaA.tTER MatTrHew Mapern, JonN Buttery PEEL, and HENRY 
VINCENT AIRD BRISCOE. 


PREVIOUS work on binary mixtures of non-aqueous liquids has led 
to the view that in many cases, and especially when the mixture is 
formed with considerable rise in temperature, the constituents are 
to some extent associated together in a manner indistinguishable 
from chemical union (Madgin and Briscoe, J. Soc. Chem. Ind., 1927, 
46, 107T; Madgin, Peel, and Briscoe, J., 1927, 2873). The present 
paper records attempts to test this view by cryoscopic methods, 

Evidently, if freezing-point depressions were strictly proportional 
to the concentration of the solute, and constant, with a given 
solvent, for equimolecular proportions of different solutes, the depres- 
sions for mixed solutes having no effect on each other should follow 
the mixture law. If the solutes associate together, the depression 
for the mixed solutes should be less than that to be expected from 
the mixture law. This argument has been applied to show that 
compounds are formed (a) between quinoline and ethyl tartrate in 
ethylene dibromide as solvent (Patterson and Montgomerie, J., 
1909, 95, 1138), and (6) between ethyl acetate and acetic or trichloro- 
acetic acid in benzene solution (Kendall and Booge, J., 1925, 127, 
1776). 

There is, however, in all such evidence, an intrinsic weakness, 
explicitly admitted by Patterson and Montgomerie, arising from 
our ignorance of the mechanism of the depression of the freezing 
point, and from the fact that, in the concentration usually employed, 
the observed depressions often deviate considerably from those 
calculated according to the mixture law. 

Cryoscopic determinations of the molecular weights of organic 
compounds in apparently inert solvents have often given values 
considerably greater than those corresponding with the accepted 
formule of the solutes; e.g., in the cases of hydroxy-compounds and 
phenols in benzene and naphthalene (Auwers, Z. physikal. Chem., 
1894, 15, 33; 1895, 18, 595); alcohols, acids, and phenol in bromo- 
form (Ampola and Manuelli, Gazzetta, 1895, 25, ii, 91); alcohols and 
phenols in p-bromotoluene (Paterno, ibid., 1896, 26, ii, 1); acetic 
acid in benzene (Kendall and Booge, loc. cit.); alcohols, phenols, 
and acids in nitrobenzene (Bury, J. Physical Chem., 1926, 30, 694). 

It has frequently been held that an abnormally small depression 
of the freezing point is evidence that the solute is associated (see 
eg., Turner and Pollard, J., 1914, 105, 1751; Brown and Bury, 
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loc. cit.), but such effects have also been attributed to the formation 
of solid solutions of the solvent and solute (Garelli, Gazzetta, 1894, 
24, ii, 229) or, more vaguely, to their mutual influence (Auwers, 
Z. physikal. Chem., 1899, 30, 300). 

In general, the abnormalities in freezing-point depressions increase 
with the concentration of the solute (see, e.g., Ampola and Manuelli, 
and Brown and Bury, locc. cit.), but Paternd (Gazzetta, 1896, 26, 
ii, 363) has found that, with phenol as the solvent, several solutes 
give depressions that become less abnormal as the concentration 
increases. Ethyl alcohol as a solute has often been found to behave 
very abnormally; thus, the molecular weight for this alcohol in 
benzene (Auwers, loc. cit.) was seven times, and in bromoform 
(Ampola and Manuelli, loc. cit.) nine times that corresponding with 
the simple formula. We have confirmed the general trend of these 
results with ethyl alcohol in both benzene and nitrobenzene as 
solvents, as is shown by the following data : 


Solvent. Benzene. Nitrobenzene, 
Range of composition of solutions (weight of 
GUNVUARCGRON), io desscd feces. sigete so diiasph condo senne 5:0—0-5% 4-6—0-2% 
Range of variation of molecular weight 
PEE oe ME) 5. cosecusunsenuscnccpessessetnesensy 130—62 108—55 


Without entering into a discussion of these curious results, it is 
obvious that any attempt to obtain evidence of compound formation 
between solutes must be subject to grave uncertainty if based 
merely on calculation. We have sought, therefore, to apply the 
eryoscopic test for compound formation in such a manner that the 
result is obtained directly and without any calculation whatever. 
Whereas previous workers have proceeded by adding one solute to a 
solution of the other, we, in investigating each pair of liquids, have 
dissolved them separately in a given solvent to give solutions having 
the same depression of the freezing point : these solutions have then 
been mixed, and the depression has been determined for the mixed 
solutions. 

The selection of liquid pairs for investigation was based upon the 
previous survey of the temperature change produced on mixing in 
equal volumes 628 pairs among 37 liquids (Madgin and Briscoe, 
loc. cit.). In an extended study of compound formation in pairs of 
organic liquids, Bramley (J., 1916, 109, 10, 434, 469, 496) found that 
a marked rise of temperature accompanied the mixing of liquids in 
those cases where it was probable, on other grounds, that compounds 
were formed, and his results show that o-chlorophenol forms com- 
pounds of considerable stability with both pyridine and aniline. 
The pairs of liquids investigated therefore comprise these two pairs 
(for comparison), several other pairs which give a rise of temperature 
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on mixing, though there is no other reason to suspect compound 
formation, and also a few pairs where the thermal effect of mixing - 
is negative. 

The experimental procedure calls for little description. Freezing 
points were determined in a standard Beckmann apparatus, with all 
usual precautions and with a thermometer divided to 0-01°. Solu- 
tions of the two solutes in a solvent were made of approximately 
the desired strength by using calculated quantities, and then 
adjusted by trial until both gave substantially the same depression 
of freezing point. As soon as these depressions had been finally 
determined, the solutions were transferred to stoppered flasks and, 
with the least possible delay, equal volumes were mixed and the 
freezing point of the mixture was determined. 

Three solvents were used: benzene, nitrobenzene, and bromo- 
form: the concentration of the solutions was of the order of 0-05 
molar fraction of solute, and the data recorded are in every case the 
mean of at least three closely concordant observations. The results 
are in Table I, the columns of which show (I) the serial number of the 
experiment, (II) the constituents A and B of the mixture, (IIT) the 
solvent, (IV and V) the depressions for A and B separately, (VI) the 
depression for the mixed solutions of A and B, (VII) the alteration 
of freezing point produced by mixing, and (VIII) the temperature 
change produced on mixing equal volumes of the pure liquids A and 
B (Madgin and Briscoe, loc. cit.). The data in column (VII) are, in 
effect, a measure of the deviation from the simple mixture law and 
are accordingly marked + and —. 

On examining the table it is at once evident that in many cases 
the depressions for mixtures, A,,,, are markedly less than those, 
A, and As, for the constituent solutions. This is so in experiments 
1—8 inclusive, and 11, 12, 13, and 15. As this effect is identical 
with that produced by diminishing the concentration of either solute 
singly in its solution, it appears to prove quite definitely and irre- 
spective of any calculation that in the mixed solutions the effective 
molecular concentration of the solutes has been diminished, and 
hence that association of the two solutes with each other has occurred. 
Association of either solute with the solvent or dissociation of com- 
plex molecules of either solute (both of which might occur, for on 
mixing the solutions the concentration of solution with respect to 
either solute is halved) would, in effect, increase the concentration 
of the solute, and would tend to produce a greater depression of the 
freezing point (see, e.g., Jones and Chambers, Amer. Chem. J., 1900, 
23, 89). Hence the data prove that compounds are formed in 
solution by o-chlorophenol with pyridine, aniline, or ether; by 
chloroform with ether or acetone; and by bromoform with acetone. 
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TaBie I. 
II. Tl. “TV. Vv. VI. VII. Viti. 
Aa. As. Aa+B- 


1:985 2-005 1-590 —0-405 


o-Chlorophenol } 
2-018 2-027 1-791 —0-232 


Pyridine 


rer ma 1-990 1-985 1-945 —0-042 4+-13:85° 
Aniline 1-990 2-030 1-940 —0-07 
pa mein | 2-070 2-070 1:950 —0-12 4215 
Ether 2045 2-040 1-915 —0-127 
Chloroform 2015 2-018 1-975 —0-042 
2-030 2-020 2-030 +0-005 
. Chloroform | 2-040 2-018 2-030 +0-006 +12-65 


- Acetone | 2-018 2-030 1-985 —0-039 


. Acetone } 2-020 2-030 2-005 —0-02 + 83 
Bromoform 2:020 2-030 2-015 —0-01 
Acetone 2-020 2-025 2-020 —0-0025 9-75 


2-020 2-025 1-999 —0-033 
2-025 2-025 2-030 -+0-005 8 


Y 
Carbon disulphide J 
Carbon sain pagel | 


KD KK KD KD Dd KD nd bed KID bd bd id bd 


Aniline 2010 2-015 2-015 +0-003 
Chloroform } 2:000 2-005 2-000 —0-0025 _ 44 
Carbon disulphide 1-755 1-750 1-740 —0-013 
Chloroform 2:000 2-025 2-020 +0008 _ 1-0 
Aniline 2-018 2-025 2-020 —0-002 

Ether } 2020 2-025 2-026 +0002 | 3.1 
Aniline 1-980 1-990 1-990 +0-005 ' 


A. Ethyl acetate ) 5 ant 
24{5 Methyl acetate} X 2-015 2025 2020 0 — 0-05 
= tdaamemaed X 2015 2010 2010 —0-002 — 12 
oes A. Methyl acetate —_— , . 
26{5° Ethe- } X 2-025 2-010 2-020 +0002 — 23 
A. Methyl acetate , : 
27{ 3" Aniline } X 2025 2-025 2025 0 4 B15 
28 - =X 1-990 2-005 2-230 +0-233 
29] A. Ethyl alcohol X 2018 2020 2268 +025 . 9.95 
30) B. Chloroform Y 1-918 1-930 2045 +0-121 
31 Z 1-960 1-970 2100 +0-135 


Solvents. X = Benzene. Y = Nitrobenzene. Z = Bromoform. 


If confirmation of this view were needed it is to be found in Bramley’s 
evidence (oc. cit.) that o-chlorophenol forms definite compounds with 
pyridine and aniline: evidently these compounds persist to some 
extent in solution. Recently, also, a study of the turbulent stream- 
ing of liquids has afforded evidence that acetone-chloroform mix- 
tures contain a compound (Kremann, Springer, and Roth, Z. 
physikal, Chem., 1927, 130, 415). 

It is noticeable that in Expt. 2 A,;, differs less from A, or As 
than in Expt. 1. Thus, apparently, nitrobenzene as solvent is less 
effective than benzene in causing dissociation of the o-chlorophenol- 
pyridine compound. Other examples of such differences in the 
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effect of different solvents are to be found, notably in Expts. 9, 10, 
and 11 for chloroform—acetone, and in Expts. 14 and 15 for acetone— 
carbon disulphide. With regard to the latter pair, indeed, it appears 
that the compound which evidently exists in nitrobenzene solution 
is practically completely dissociated in benzene solution. There 
are also cases, ¢.g., Expts. 3 and 4, where apparently nitrobenzene 
is the solvent which is more effective in causing dissociation. 

Expts. 28—31 inclusive are remarkable in that the depression for 
the mixture is greater than that for the constituents, but this curious 
effect may readily be explained by reference to the behaviour of 
ethyl alcohol referred to above. It appears probable that the effect 
of dissociation of complex alcohol molecules outweighs any effect 
due to compound formation between alcohol and chloroform. 
Expt. 15 may show that compound formation can occur in certain 
solvents between solutes whose admixture in the pure state is 
attended by a substantial fall in temperature, but, evidently, no 
generalisation can safely be based on a single instance of this kind. 

The essential point which emerges clearly from the experiments 
here reported is that in the liquid pairs involved in Expts. 1—13 
inclusive, admixture of the pure liquids is attended by a considerable 
rise of temperature. Thus our earlier view, that in general such a rise 
of temperature is evidence of compound formation, is confirmed. 


Acknowledgment is made of a grant from the Department of 
Scientific and Industrial Research enabling one of us (J. B. P.) to 
take part in this investigation. 


ARMSTRONG COLLEGE, UNIVERSITY OF DURHAM, 
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XCVII.—The Adsorption of Hydrogen Ions and Its 
Effect on the Swelling and Electrical Charge of 
Gelatin. 


By Buurrenpra ,NatH GHOsH. 


Ir is well known that gelatin swells more in dilute solutions of acids 
than in pure water. At py 4:8 the swelling is generally a minimum, 
but it increases with the decrease in pg, reaches a maximum and then 
diminishes again. Several theories have been advanced to explain 
this behaviour. 

(1) In acid solutions the particles of the gel adsorb hydrogen ions 
which impart a positive charge to them. The similarly charged 
particles repel one another and thereby cause the swelling. At high 
concentrations of acids, the negative ions tend more and more to 
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neutralise the electrical charge and so decrease the swelling. This 
theory was supported by Tolman and Stearn (J. Amer. Chem. Soc., 
1918, 40, 264), who observed that the swelling of blood fibrin and 
also of gelatin is much greater in solutions of nitric and hydrochloric 
acids than of sulphuric acid at the same pg; the presence of salts in 
high concentrations also depressed the swelling. They therefore 
suggest that the SO”, ion, because of its bivalent nature, has a much 
greater effect in neutralising the positive charge, and therefore 
decreasing the swelling, than the univalent Cl’ or NO’, ions. Simil- 
arly, in presence of salts, the high anion concentration decreases 
the charge and hence the swelling. 

(2) Pauli, Hardy, Loeb and others have suggested that the 
protein ions are more heavily hydrated than their neutral molecules. 
According to Pauli (Biochem. Z., 1909, 18, 368) and Fischer (‘‘ idema 
and Nephritis,” 1921, pp. 145—151), hydration is responsible for 
swelling. The increase in volume of gelatin may therefore be due 
to a greater hydration of its particles with increasing electrical 
charge. 

(3) Gelatin combines with acids forming salts, the kations of 
which are non-diffusible. This, according to Donnan’s principle 
of membrane equilibrium, brings about a greater concentration and 
hence greater osmotic pressure of the diffusible ions inside the gel 
than in the outside solution, and so causes it to swell. This theory 
was put forward by Procter and Wilson (J., 1916, 109, 307), and 
subsequently Wilson and Wilson (J. Amer. Chem. Soc., 1918, 40, 
886) derived an equation connecting swelling with the concentration 
of a univalent kation inside the gel. The equation agrees fairly 
with experimental results (compare R. H. Bogue, ‘“‘ The Theory and 
Application of Colloidal Behaviour,” Vol. I, p. 12). 

If there be any relation between electrical charge and swelling, 
they should run parallel to each other. With increasing concen- 
tration of hydrogen ions both the electrical charge and the swelling 
should increase, reach a maximum, and then diminish; also, at 
the same pg the electrical charge in solutions of sulphuric acid should 
be less than in those of hydrochloric or nitric acid. The above 
considerations should also apply to the case where swelling is 
attributed to the greater hydration of the gel particles with their 
increasing electrical charge. A relation is also to be expected 
between the amounts of hydrogen ion adsorbed and the surface 
density of the electrical charge, since the latter originates from the 
adsorption of hydrogen ions. A simultaneous measurement of 
swelling, electrical charge, and adsorption of hydrogen ions on the 
same sample of gelatin, was therefore undertaken in order to decide 
whether there is any relation between the three quantities. 
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EXPERIMENTAL. 


The powdered gelatin was purified by repeated washing with 
dilute acetic acid at 10° (Loeb, J. Gen. Physiol., 1918,4, 45). It was 
then washed with cold distilled water at 5°, dehydrated by washing 
with absolute alcohol, and dried in a current of air. The dried 
ample contained 16-7% water and had an ash content of 0-12%. 
8 G. portions were placed in two Pyrex-glass beakers and covered 
vith 200 ¢.c. of the acid solution. The beakers were placed in a 
thermostat at 17° and their contents stirred from time to time. 
After 24 hours, the gelatin from one of the beakers was transferred 


7 toa filter-paper, drained thoroughly, washed with 20 c.c. of distilled 


water, again drained, and pressed lightly between filter papers to 
remove as much liquid as possible. It was then transferred to a 
measuring cylinder and melted by warming on a water-bath at about 


4 40°. The py of the melted gel was measured by the H.M.F. method. 


The py of the acid solution before and after adsorption was also 
measured by the same method, and the amount of acid adsorbed 
by gelatin, «, calculated in the following way. 

Let V, be the original volume of the acid solution, V, its final 
volume and V the volume of water imbibed by the gelatin. Also 
let C, and C, be the initial and final concentration of hydrogen ions 
inthe solution and C, the concentration of free hydrogen ions inside 
the gel. Then 

a=V,C,—V.C,—VC, .... (2) 


But, neglecting the slight change in the total volume of the solution 
and gelatin, we have V, = V, — V, and substitution in (1) then 
gives a = V,C, — (V, — V)C, — VC; = V,(C, — C,) + V(C, — C5). 

In applying this equation, V is taken to be equal to the volume 
of the melted gels; any slight error thus introduced causes a 
rlatively much smaller error in «. 

The gelatin contained in the second beaker was transferred to a 
measuring cylinder and allowed to settle in the thermostat for 3 
hours. The volume was noted. The substance was then removed 
on a filter-paper, and washed two or three times with a solution 
having the same py as the melted gel. It was again transferred to 
the measuring cylinder and melted by warming to about 40°; a few 
c.c. of acid solution of the same py, as the gel were added to make the 
total volume always 26 c.c., and 23 c.c. of this were transferred to a 
U-tube and allowed to set for 24 hours. 

The electroendosmotic method was used to measure the variation 
of electrical charge with hydrogen-ion concentration. The arrange- 
ment was an improvement on that previously described by the 
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author (J., 1926, 2605), in that a definite potential (indicated by a 
voltmeter) was applied between the electrodes. The potential 
could be maintained constant within + 1 volt by means of an adjust- 
able resistance. The potential across the diaphragm was deter. 
mined in the following way. The total resistance between the 
electrodes, consisting of the diaphragm and the acid solution, was 
measured by the conductivity method. The electrodes were then 
lowered so as just to touch the diaphragm, and the resistance was 
measured again. If 7 and D be the total and the diaphragm 
resistances, respectively, then the potential across the diaphragm is 
given by the expression DE/T’, where E is the potential indicated by 
the voltmeter when the electrodes were in their original position 
(t.e., when the total resistance between them was 7'). In order to 
maintain a constant potential across the diaphragm, it is necessary 
that E as well as the ratio D/T should remain constant. EH was kept 
constant during the experiment by means of the adjustable resistance, 
and resistances D and 7', as measured immediately before and after 
the experiment, always showed a variation of less than 3% in D/T. 
The mean was used in calculating the potential across the diaphragm. 
The U-tube was always filled with a solution having the same pg as 
the gel constituting the diaphragm immediately before the experi- 
ment, which lasted about } hour. The electroendosmotic experi- 
ments were carried out at 16°. The distance moved by the air 
bubble in a definite time at constant potential gradient across the 
diaphragm is proportional to the surface density of the electrical 
charge of the gel, which was found to be zero at py 4:8—5-0. The 
results are in the table. 

(Pa), (Pu)o, and (py), respectively represent the py of the solution 
before and after adsorption, and of the melted gel; « is given in 
terms of c.c. of N-acid adsorbed; “‘ Vol.’ is the volume (in c.c.) of 
the gel; V the approximate volume of the melted gel; and @ the 
velocity of the air bubble in cm. per min. 

In the above experiments the potential across the diaphragm was 
maintained constant at 80 volts. The calculated values of « were 
derived from the formula « = K,2z/(1 + K,x) (see p. 717), where 
K, and K, are constants and z is the concentration of hydrogen ions 
inside the gel. For hydrochloric, nitric, and trichloroacetic acids, 
the values of K, and K, used were 1240 and 1800, respectively. 
They are somewhat different in the case of sulphuric acid, viz., 
K, = 1420 and K, = 2240. All the acids have been assumed to be 
completely dissociated within the range of concentrations investig- 
ated. If the low value of the dissociation of sulphuric acid be taken 
into consideration, the amount of adsorption will be a little higher 
than that given in the table. 
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a, 
I, 9 ‘ 
(pu) (pu)o- (PH) Found. Cale. Vol. V. B. B/a 
Hydrochloric acid. 
1-81 1-89 2-17 0-64* 0-63 29 20 0-81 1-27 
2-02 2-14 2-52 0-55 0-58 31 2 0-68 1-24 
2-10 2-24 2-70 0-52 0-54 32°5 22 0-63 1-25 
2-40 2-62 3°22 0-36* 0-36 35 2 0:47 1-30 
2-68 2-99 3-60 0-24 0-22 27°5 20-5 0:33 1:37 
Nitric acid. 
1-82 1-90 2-19 0-63 0-63 29 20-5 0-79 1-25 
1-94 2-04 2-38 0-58 0-60 30-5 21 0-70 1-21 
2-09 2-22 2-68 0-57 0-54 32 22-5 0-63 1-23 
2-42 2-66 3-23 0-36 0-36 34°5 24 0-50 1-39 
2-72 3°05 3°62 0-23 0-22 27°5 20 0-31 1°35 
Trichloroacetic acid. 
1-77 1-84 2-10 0-64 0-64 28°5 19-5 0-80 1-25 
1-92 2-02 2-38 0-60 0-60 30-5 21 0-72 1-20 
2-07 2-20 2-68 0-53 0-54 32 22 0-65 1-23 
2-34 2-53 3°19 0-38 0-37 3 24 0-54 1-31 
2-67 2-99 3-60 0-24 0-22 27 21-5 0-33 1:37 
Sulphuric acid. 

1:77 1-84 2-10 0-60* 0-60 15 13 0-62 1-03 
1-88 1-97 2-30 0-57 0-58 16 14 0-59 1-03 
2-12 2-26 2-74 0-47 0-50 18-5 15 0-55 1-17 
2-36 2-55 3-26 0-33* 0-35 20-5 16°5 0-46 1-31 
2-60 2-90 3°58 0-25 0-23 16°5 14 0:34 1:37 


* The values thus marked were used in calculating K, and K, (see p. 717). 


Discussion. 


It will be seen from the above table that, at first, with increasing 
concentration of hydrogen ion the swelling, electrical charge, and 
adsorption of hydrogen ions, all increase. At a certain py (about 
26) the swelling reaches its maximum value and then begins to 
diminish, whilst the electrical charge and adsorption of hydrogen ions 
continue to increase. Had the swelling been due to the electrostatic 
repulsion between the similarly charged particles of the gel, it could 
not have diminished so long as the electrical charge was increasing. 
With sulphuric acid, swelling and electrical charge are both less than 
with hydrochloric, nitric, and trichloroacetic acids, but this fact alone 
does not justify one in inferring any relation between them. Here 
also, as with the other acids, we observe that whilst the electrical 
charge continues to increase with diminishing pg, the swelling 
attains its maximum value at about p, 2-6 and then decreases. 
Furthermore, at low hydrogen-ion concentration the electrical 
charge with sulphuric acid is the same as with the other acids, whilst 
the swelling is distinctly less. The above results therefore lead 
definitely to the conclusion that there is no relation between electrical 
charge and swelling in the case of gelatin. For the same reasons the 
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swelling of gelatin in acid solutions cannot be due to the increasing 
hydration of its particles with increasing electrical charge. 

It has already been mentioned that as the adsorption of hydrogen 
ions imparts a positive charge to the gel there should be a close 
relation between the two. It will appear from the above results 
that there is a direct proportionality between the surface density of 
electrical charge and the amount of hydrogen ions adsorbed. The 
ratio (8/«) of the distance moved by the air bubble to the amount 
of hydrogen ions adsorbed is, within the range investigated, approxi- 
mately constant for the first three acids, indicating that only few 
univalent anions are electrically adsorbed. This is possible when 
the thickness of the electrically adsorbed layer is great (compare 
Mukherjee, Faraday Soc. Discussion, 1920—1921, 16, Appendix, 
p. 105). With increasing surface density of electrical charge, 
however, the electrical attraction on the anions will increase more 
and more, and so at high concentrations the number of anions 
electrically adsorbed will become appreciable and the ratio @/« will 
tend to decrease. This will be observed in the case of sulphuric acid. 
At low hydrogen-ion concentrations the ratio is almost the same as 
with the other acids (about 1-35), but as the concentration of sul- 
phuric acid increases, the ratio gradually decreases. The SO,” 
ion carries two units of electrical charge and hence the force tending 
to bind it to the surface is much greater than in the case of the 
univalent anions. 

There are different views regarding the interaction of acids with 
gelatin. Some, e.g., Procter and Wilson, hold that acids combine 
chemically with gelatin forming salts of the type GHA, where GH 
represents the kation and A the anion. Many others, however, 
consider the process as one of adsorption (Wilson and Wilson, Joc cit.). 
It is difficult to believe that the colloid particles in the sol and gel of 
gelatin are molecules and not aggregates of a large number of mole- 
cules. The so-called molecular weight of gelatin, as obtained by 
different workers, varies from 10,000 to 20,000 or more. A mole- 
cular weight much smaller than this would generally give a particle 
of colloidal size, with a large solid—liquid interface. Besides the 
molecular weight, other properties of gelatin vary with its source 
and its previous treatment. Recently Kraemer and Dexter (J. 
Physical Chem., 1927, 34, 764) have observed that even the iso- 
electric point of gelatin, as revealed by measurements on the scatter- 
ing of light, varies with its origin. Kruyt and Tendeloo (ibid., 1925, 
29, 1303) have shown that ions other than hydrogen, such as ferro- 
cyanide, affect the viscosity and electrical charge of gelatin. In 
such cases the same valency effects of the ions make themselves felt 
as are observed with the hydrophobic colloids. In view of these 
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facts, it is better to consider the interaction of gelatin with hydrogen 
ions as one of adsorption. Rinde (Phil. Mag., 1926, 4,32) hasshown 
from Loeb’s data that the amount of hydrogen ions adsorbed by 
gelatin can be calculated with fair accuracy from an equation 
similar to that which gave satisfactory results in the present instance 
(see tables and below). 

It will now be shown that the assumption that hydrogen ions 
are adsorbed by gelatin also leads to the derivation of an 
equation for swelling similar to that obtained by Wilson and Wilson 
(loc. cit.). 

Let it be assumed that 1 g. of gelatin is immersed in a dilute 
solution of hydrochloric acid and sufficient time allowed for the 
attainment of equilibrium. If N be the total number of active points 
on the surface of the gel, the rate at which hydrogen ions are adsorbed 
= K,N(1 — 0), where x is the equilibrium concentration of 
hydrogen ions inside the gel, @ the fraction of the total surface 
covered, and K, a constant. The rate at which these ions escape 
from the surface = K,N@. When equilibrium is attained we have 
(compare Langmuir’s equations) 


K,N(1 — 0)x = K,No 


or a = ee a a See oh PE 
where K, = K,/K,, or, putting N/K, = Ks, and 1/K, = K,, 
Ne@=Eghi+EBe).'. 1 « « os ew we 


Corresponding to the N@ hydrogen ions adsorbed there must be 
in the neighbourhood of the surface an equal number of chlorine ions, 
of which a fraction a may be electrically adsorbed. The number of 
free anions is then equal to (1 — a)N@. The value of a, however, 
depends on the concentration of the chlorine ions and also on the 
thickness of the double layer (compare Mukherjee, Joc. cit.). The 
electroendosmotic experiments show that a is negligible in the case 
of hydrochloric, nitric, and trichloroacetic acids below about 0-02 
normal. These free anions should behave normally so far as their 
activity is concerned. The concentration of free chlorine ions inside 
the gel = N0@(1 — a\/(V + V,) where V, is the initial volume and V 
the increase in volume of the gel (see p. 713). The equilibrium 
concentration of hydrogen ions inside the gel is x, and corresponding 
to this we have a concentration x of chlorine ions in the gel. Hence 
the concentration of total chlorine ions inside the gel = N6(1 — a)/ 
(V + Vy) +2. If y be the equilibrium concentration of hydrogen 


* This formula was used in the calculation of the adsorption of hydrogen 
ions (see tables on p. 715). 
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and chlorine ions outside the gel, we have from Donnan’s principle 
of membrane equilibrium 
N6(1 — a) | __ 2 
hee Vo) +eop.viaeyfiin «i wiv 

It follows mathematically from this that the total concentration of 
ions inside the gel is greater than that in the surrounding solution. 
If e denotes this excess then 

N@(1 — a) 


wit * " 


e= 27 + 


From (4) and (5) we get 
y=u+Vex. PE ae ET: 
and from (5) and (6) 
No(l—a)/(V+V,)=e+2Ver. . . (7) 
As the concentration of ions inside the gel is greater than that 


outside, the osmotic pressure inside will be greater, and so the gel 
tends to swell. 

It is now assumed that e = HV, where H is a constant containing 
the modulus of bulk elasticity (compare Wilson and Wilson, loc. cit., 
and Scarth, J. Physical Chem., 1925, 29, 1019). Substituting this 
value of ein (7) we have 


Ne = (V + V,(HV + 2VHVa)/(l—a). . (8) 


Putting the above value of N6 in (2), and neglecting Vo, since it is 
small compared with V, we obtain 


V(Ky + «(HV +2VHV2)=2N(l—a). . (9) 


It has already been mentioned that a is negligible at low concen- 
trations of the monobasic acids, so equation (9) reduces to the form 


V(K, +2)(HV +2VHVxz)=aN. . . (10) 


The equation obtained by Wilson and Wilson, when one starts 
with 1 g. and not 1 millimol. of gelatin, assumes the form 


MV(K, + x)(HV + 2VHV2) =x 


where UV is the molecular weight of gelatin, and thus resembles (10). 

In deducing their equation, Wilson and Wilson had to assume (1) 
that the active mass of gelatin is equal to the number of g. mols. of 
gelatin divided by the volume of the gel, and (2) that the kation of 
the salt GHA does not exert any osmotic pressure (compare Procter, 
Faraday Soc. Discussion, 1920—1921, 46, Appendix, p. 41). These 
assumptions do not enter into the deduction of equation (10); 
moreover, the value of M for gelatin is uncertain. The value of VY 


For 
the ¢ 
avail; 
to ye 
Godd 
that 


ole 


RESEARCHES ON ANTIMONY. PART II. 719 


in equation (10) is given by the maximum number of hydrogen ions 
which 1 g. of gelatin can adsorb and may be easily determined 
experimentally for any particular sample. 

It follows from equation (9) that when z is constant any factor 
which will tend to increase (a) will decrease the swelling. The 
depression in swelling caused by the addition of alcohol and similar 
substances is probably due to a diminution in the dielectric constant 
of the medium. This will tend to increase (a) and hence depress 
the swelling. 

Summary. 


(1) Simultaneous measurements of electrical charge and swelling 
at different values of py indicate that electrostatic repulsion between 
the similarly charged particles of the gel cannot be the cause of the 
swelling. They also show that swelling is not due to the increasing 
hydration of the gel particles with increasing electrical charge. 

(2) (a) The amount of hydrogen ions taken up by gelatin can be 
calculated with fair accuracy from Langmuir’s adsorption equation. 

(6) On this conception, an equation for swelling similar to that of 
Wilson and Wilson has been derived. 

(3) A proportionality between the amount of hydrogen ions 
adsorbed and the electrical charge has been observed. For hydro- 
chloric, nitric, and trichloroacetic acids the ratio of the electrical 
charge to the amount of hydrogen ions adsorbed is nearly constant. 
for sulphuric acid the ratio diminishes with increasing hydrogen-ion 
concentration. 


My best thanks are due to Professor F. G. Donnan for his advice 
and encouragement. 


THe Srr Witt1am Ramsay LABORATORIES OF PHYSICAL AND 
InorGANic CHEMISTRY, UNIVERSITY COLLEGE, 
Lonpon. [Received, December 15th, 1927.] 


XCVIII.—Researches on Antimony. Part II. 
Derivatives of Tri-p-tolylstibine. 


By ARcHIBALD Epwin GoppaRD and VictoR EMMANUEL 
YARSLEY. 


for the degradation of triarylstibines to diarylhalogenostibines 
the authors have devised an easier method than those hitherto 
available, which are either difficult in practice, or applicable only 
to special compounds (see Hasenbiumer, Ber., 1898, 34, 2914; 
Goddard, J., 1922, 123, 484). The method, which is similar to 
that by which Morgan and Yarsley (Proc. Roy. Soc., 1926, 140, 
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534; see also Morgan and Davies, Nature, 1925, 116, 499) obtained 
dimethyleyanostibine from trimethylstibine cyanobromide, consists 
in heating, e.g., tritolylstibine dichloride, dibromide, or di-iodide 
under diminished pressure; a halogenotoluene distils off, leaving 
the ditolylhalogenostibine. This work is being continued with the 
object of degrading diarylchlorostibines to aryldichlorostibines. 

Schmidt (Annalen, 1922, 429, 140), by heating triphenylstibine 
in saturated methyl-alcoholic hydrogen chloride in an atmosphere 
of carbon dioxide, obtained a small quantity of diphenylstibinic 
acid and a good yield of diphenylhydroxystibine. The application 
of this method to tri-p-tolylstibine gave a small quantity of the 
acid, and a little plastic residue which could not be identified as 
the hydroxide. 

A second method used by Schmidt was to treat a hot acetone 
solution of the triarylstibine with 5N-sodium hydroxide and 3% 
hydrogen peroxide solution, and here the authors agree with him 
in obtaining a diarylstibinic acid and a diarylstibine trichloride, 
namely, ditolylstibinic acid and ditolylstibine trichloride. 

Schmidt’s methods of degrading diarylhydroxystibines to mono- 
arylstibinous oxides also gave poor results, and the authors used 
the diazo-reaction in the preparation of p-tolylstibinic acid, which 
was identical with the acid obtained by Hasenbaiumer from p-tolyl- 
stibine tetrachloride by hydrolysis. 

Tri-p-tolylstibine, on treatment with cold fuming nitric acid, 
gave tri-m-nitrotri-p-tolylstibine dinitrate. Since tri-m-xylylstibine 
on similar treatment gives tri-5-nitrotri-m-xylylstibine dinitrate 
(Goddard, J., 1923, 123, 2315), these results together with that of 
Morgan and Micklethwait (J., 1911, 99, 2286) seem to show that 
the nitro-group always enters the nucleus in the meta-position to 
the antimony. 

Hydrolysis of the dinitrate by a large excess of phosphorous acid 
gave the corresponding oxide, whereas Michaelis (Annalen, 1902, 
321, 212) showed that trinitrotritolylarsine oxide in presence of 
phosphorous acid produces the free arsine. 

T'ri-m-aminotri-p-tolylstibine was prepared by reducing the nitro- 
compound with zinc dust and ammonia in alcoholic solution, and 
converted into tri-m-iodotri-p-tolylstibine by the Sandmeyer reaction. 


EXPERIMENTAL. 


Di-p-tolylhalogenostibines.—Tri-p-tolylstibine dichloride (2 g), 
when heated under 5—7 mm. pressure, gave p-chlorotoluene (b. p. 
160°) at 60—65° and di-p-tolylchlorostibine at 160—200°; after 


being washed with light petroleum and alcohol, the latter was 4 


white solid (Found: Cl, 10-4. C,,H,,ClSb requires Cl, 10-45%). 
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In a similar way, the dibromide (2 g.) gave p-bromotoluene (m. p. 
23°) at 70—75° and di-p-tolylbromostibine (obtained, after repeated 
washing with alcohol, as a pale cream compound, melting above 
290° and only slightly soluble in warm organic solvents. Found : 
Sb, 31:8. C,,H,,BrSb requires Sb, 31-75%) at 170—210°; and the 
di-iodide (2 g.) gave p-iodotoluene (m. p. 35°) at 80° and di-p-tolyl- 
iodostibine at 180—200°, the latter, after being washed with alcohol 
and with ether, being a white solid, m. p. 233°, almost insoluble 
in cold, but soluble in warm, organic solvents (Found: Sb, 28-4. 
C,,H,,ISb requires Sb, 28-3%). The yield of di-p-tolylhalogeno- 
stibine was in each case almost quantitative. 

Di-p-tolylstibinic Acid, (C,H,),SbO-OH.—(1) Tri-p-tolylstibine 
(9 g., suspended in 150 c.c. of methyl alcohol), when mixed with 
30 c.c. of methyl alcohol (saturated with hydrogen chloride) and 
boiled on the water-bath in a current of carbon dioxide, dissolved 
after 15 minutes. The yellow solution was boiled for 1} hours, 
cooled, and made distinctly alkaline with dilute aqueous sodium 
hydroxide. The white precipitate produced was removed as a 
suspension in ether and added to the solid obtained from the aqueous 
layer by precipitation with acetic acid. Recrystallisation from 
alcohol gave a white, amorphous product, sintering at 230° and 
melting at 260°. The yield was very small (Found: Sb, 36-2. 
C,H, ;O0,Sb requires Sb, 36-2%). 

(2) A solution of 6 g. of tri-p-tolylstibine in acetone was gradually 
added to a boiling mixture of 113 c.c. of water, 37 c.c. of 5N-sodium 
hydroxide, and 22-5 c.c. of 6% hydrogen peroxide. The solution, 
filtered from a slight precipitate, was treated with dilute sulphuric 
acid, and the voluminous white precipitate obtained was partly 
dried, washed with warm alcohol, and recrystallised from benzene 
(Found: Sb, 35-95%). The acid is slightly soluble in hot or cold 
alcohol or cold benzene and readily soluble in hot benzene. 

Di-p-tolylstibine Trichloride.—The precipitate obtained on addi- 
tion of sulphuric acid as in method (2) was reprecipitated, first from 
5N-hydrochloric acid as the pyridine double salt and then from 
dilute sodium hydroxide solution by dilute acetic acid. Thereafter 
it was dissolved in fairly concentrated, boiling hydrochloric acid, 
and the solution evaporated to small bulk; the colourless needles 
of di-p-tolylstibine trichloride obtained crystallised from benzene in 
colourless plates, sintering at 130° and melting at 141—142° (Found : 
Sb, 29-7. C,,H,,Cl,Sb requires Sb, 29-7%). 

p-Tolylstibinic Acid, C,H,SbO,H,.—Two solutions, one of 
diazotised p-toluidine (26 g. of the base, 37 g. of concentrated 
sulphuric acid, 250 c.c. of water, and 18 g. of sodium nitrite) and the 
other of 56-6 g. of antimony trichloride in 15 g. of hydrochloric acid 

BB 
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(d 1-16) and 41 c.c. of water to which 150 g. of sodium hydroxide 
in 750 c.c. of water had been added, were mixed at 0° and treated 
with copper bronze. The liquid was filtered after 2 days, nearly 
neutralised with dilute sulphuric acid, again filtered if necessary, 
and acidified with dilute hydrochloric acid. The mixture (50 g.) 
of p-tolylstibinic acid and antimony trioxide obtained was dissolved 
in 27 g. of hydrochloric acid (d 1-16) and 98 c.c. of water, and the 
boiling solution saturated with solid ammonium chloride. The 
mixture of p-tolylstibinic oxychloride and ammonium chloride 
that crystallised on cooling was filtered off and dissolved in sodium 
carbonate solution, and the stibinic acid was precipitated by acidific- 
ation with dilute hydrochloric acid and crystallised from spirit 
and from ether. Yield, 8 g. (Found: Sb, 46-3. Calc. for C;H,O,Sb : 
Sb, 463%). 

Tri-m-nitrotri-p-tolylstibine Dinitrate, (C;H,*NO,),S5b(NO3)..—Tri- 
p-tolylstibine (5 g.) was slowly added to the calculated quantity of 
well-cooled fuming nitric acid; and the solution poured into water 
(11.). The dinitrate, precipitated as a light cream-coloured powder, 
after several recrystallisations from alcohol, melted sharply at 182° 
with frothing. It was soluble in the usual organic media (Found : 
Sb, 18-9; N, 10-8. C,,H,,0,.N;Sb requires Sb, 18-6; N, 10-7%). 

The position of the nitro-group was determined by heating the 
compound with bromine and phosphorus pentabromide in a sealed 
tube at 130° for 4 hours, 4-bromo-2-nitrotoluene, m. p. 45°, being 
obtained. 

Tri-m-nitrotri-p-tolylstibine Oaide—The dinitrate (2 g.) was 
heated for 8 hours with 10 g. of phosphorous acid in 100 c.c. of 
absolute alcohol, and the solution poured into water (1 1.). The 
oxide, which separated as a cream-coloured powder, was washed 
with hot water, dried, and crystallised from alcohol, being obtained 
as a white powder, m. p. 225° after softening at 220°; on further 
heating, it blackened and became pyrophoric (Found: Sb, 22-0; 
N, 7:6. C,,H,,0,N,Sb requires Sb, 22-2; N, 7-7%). 

Tri-m-aminotri-p-tolylstibine, (CjHg*NH,),Sb.—The dinitrate (7 g.) 
was boiled for 8 hours with a solution of 250 c.c. of 90% alcohol 
containing 5 g. of ammonium chloride, 15 c.c. of aqueous ammonia, 
and 15 g. of zine dust, a further 3 g. of zinc dust being added each 
hour. The solution was filtered at room temperature into water 
(2 1.). The brown solid obtained was collected and dissolved in 
250 c.c. of warm 15% hydrochloric acid, and the filtered solution 
was treated with concentrated aqueous ammonia until no further 
precipitate appeared. The crude amine was crystallised from 

chloroform-—light petroleum, yielding a pinkish-grey powder, m. p. 
92° (Found : Sb, 27-7. C,,H,,N,Sb requires Sb, 27-7%). 
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Tri-m-iodotri-p-tolylstibine.—The amine (3 g.), dissolved in 20 c.c. 
of concentrated hydrochloric acid and 200 c.c. of water, was diazotised 
with 2 g. of sodium nitrite, 5 g. of potassium iodide in 50 c.c. of water 
were added, and the mixture was gently warmed on the water-bath 
for 3 hours. The precipitate obtained, when crystallised from 
chloroform-light petroleum, gave a reddish-brown powder, which 
sintered at 136° and melted at 146° to a dark red liquid (Found : 
I, 24-4. C,,H,,1,Sb requires I, 24-4%). 

EIDGENOSSISCHE TECHNISCHE HOCHSCHULE, 

ZuRicH, SwiTZERLAND. [Received, December 23rd, 1927.] 


XCIX.—Some Properties and Reactions of B-Chloro- 
ethyl, B-Cyanoethyl, and B-Carbethoxyethyl Toluene- 
p-sulphonates, including an Extension of the Friedel- 
Crafts Reaction. 


By GrorcE RoGEeR CLEMO and Eric WALTON. 


THE introduction of the @-chloroethyl group into phenols has been 
effected by treating the phenol with §-chloroethyl toluene-p- 
sulphonate, C,H ,"SO,°0-CH,°CH,Cl (subsequently called ester A) in 
the presence of caustic soda, 80% yields of phenyl §-chloroethyl 
ethers being obtained (Clemo and Perkin, J., 1922, 124, 642). 

It was thought that the halogen atom in these ethers, on treat- 
ment with potassium cyanide, would be replaced to give the 
8-cyanoethyl ethers, and, on hydrolysis, the $-phenoxypropionic 
acids. These compounds are troublesome to prepare in quantity 
by present methods,* and on ring closure give the chromanones, 
which are valuable for synthetic work on certain natural products. 
Attempts to effect the replacement of the chlorine atom in the 
8-chloroethyl ethers by the cyano-group, however, have been 
unsuccessful. 

Attention was then turned to the preparation of 8-cyanoethyl 
toluene-p-sulphonate, C,;H,*SO,°O-CH,°CH,°CN, itself, with a view 
to the direct introduction of the $-cyanoethyl group into phenols. 
Although this ester can be easily prepared from toluene-p-sulphonyl 
chloride and ethylene cyanohydrin, it has been found to be readily 
hydrolysed by cold dilute alkalis, and hence it is unsuitable for use 
as an alkylating agent. When $-cyanoethyl toluene-p-sulphonate 


* B-Phenoxypropionic acid itself was obtained in a yield of 20% from 
phenol and f-iodopropionic acid (Bischoff, Ber., 1900, 38, 924); Arndt and 
Kallner (Ber., 1924, 57, 202), using B-chloropropionic acid, obtained a 36% 
yield. 
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(subsequently called ester B) is treated with anhydrous alcoholic 
hydrogen chloride, it is easily converted into the hydrochloride of 
y-imino-y-ethoxypropyl toluene-p-sulphonate, which is hydrolysed 
by water to give @-carbethoxyethyl toluene-p-sulphonate : 


C,H, ‘SO,*0-CH,CH,-C(OEt):NH,HCl —!°> 

C,H,-SO,°0-CH,°CH,°CO,Et. 
This carbethoxy-ester (subsequently termed ester C), although more 
stable to alkalis than ester B, is, nevertheless, hydrolysed too 
easily for it to be of use as an alkylating agent for the direct intro- 
duction of the 8-carbethoxyethyl group into phenols. 

(It has been found that various other nitriles, such as $-pheny]l- 
propionitrile, react smoothly with cold alcoholic hydrogen chloride, 
giving good yields of highly crystalline iminoethyl ether hydro- 
chlorides, which are especially useful for the identification of liquid 
nitriles, and their treatment with water furnishes a very convenient 
method for the direct conversion of the cyano- into the carbethoxy- 
group.) 

There remained, however, the possibility that the ester B could 
be applied for the synthesis of the desired chromanones in the 
well-known Hoesch reaction (Ber., 1915, 48, 1122) thus : 


OP i , OH,S0,C;H, _, HO/ NOH CH,-S0,C,H, 


/ Cie CH, 
CN | CG 
\ NH,HCl 
O 
HO, CH, 
CH, 
O 


The reaction, however, does not occur in this manner, but the 
isomeric compound, 7-hydroxy-3 : 4-dihydrocoumarin, is formed in 
fairly good yield (compare Langley and Adams, J. Amer. Chem. 
Soc., 1922, 44, 2320). This constitutes, therefore, a further anomaly 
of the Hoesch reaction (see Chapman and Stephen, J., 1925, 127, 
885). Neither ester A nor C reacts with resorcinol under similar 
conditions. 

As none of the esters A, B, and C appeared to be suitable for 
the preparation of the chromanones, attention was directed to a 
comparison of their reactions. Ester A was relatively very stable 
to alkalis, being hydrolysed to the extent of only 25% after boiling 
for 2 hours with 2 equivalents of 2N-sodium hydroxide; on being 
shaken with the same proportion of alkali at the ordinary temper- 
ature, ester B was hydrolysed completely in 4 minutes to acrylo- 


lic 
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nitrile and toluene-p-sulphonie acid, and ester C in 40 minutes to 
acrylic ester and the sulphonic acid. This ease of hydrolysis was 
also well shown when ester B was warmed at 80° with anhydrous 
potassium carbonate, acrylonitrile distilling in 75% yield. This 
method for preparing acrylonitrile is therefore much superior to 
those described by Moureu (Bull. Soc. chim., 1893, 9, 424; 1920, 
27, 903: yields, 30% and 47% respectively). In a similar manner, 
when the ester C was heated with anhydrous potassium carbonate 
at about 100°, a quantitative yield of ethyl acrylate was given off. 
The same behaviour was shown when the three esters A, B, and C 
were treated with potassium phthalimide. In the first case phthal- 
$-chloroethylimide was produced, and with B and C, acrylonitrile 
and acrylic ester, respectively, distilled. 

The marked difference in the ease of the alkaline hydrolysis of 
the esters A, B, and C can be explained in the following manner : 


x ™ 

xX 

fA | 

a, ><, 4 
Si ot ava 
O O 
7H, 7H, 


When X represents either the cyano- or the carbethoxy-group, 
both of which commonly act as electron-sinks, electron displacements 
occur which produce slight intramolecular ionisation, with the result 
that the hydrogen atoms of the CH, X group acquire a small positive 
charge. Further, as two of the oxygen atoms of the sulphonic 
group are joined to the sulphur atom by semi-polar double bonds, 
i.e., have, according to Lowry, a negative charge, there is an urge 
for the molecule to split, as shown, along ab. In ester A, however, 
the chlorine atom is not an electron-sink, but behaves much as it 
does in alkyl chlorides, so that the hydrogen atoms do not become 
positively charged, and hence the molecule is relatively stable. 
This explanation, rather than one involving a co-ordinated hydrogen 
atom, would appear to be borne out by the boiling points of the 
esters, which rise in the order A, C, B; whereas if it be supposed 
that the split along ab is facilitated by a co-ordinate link between 
one of the oxygen atoms and a hydrogen atom, then the expected 
order of ascending boiling points would be, according to Sidgwick’s 
work, B, C, A. 

The fact that, in the alkaline hydrolysis of the esters B and C, 
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the cyano- and the carbethoxy-group remained intact caused 
attention to be directed to the action of the Grignard reagent on 
these esters. Gilman and Beaber (J. Amer. Chem. Soc., 1923, 45, 
839; 1925, 47, 518) have described the action of organic magnesium 
halides on alkyl sulphonates, and in particular that of magnesium 
phenyl bromide on the ester A, in which case 8-chloroethylbenzene 
resulted. When esters B and C are substituted for A in this reaction, 
violent action occurs and no definite compounds have been isolated 
from the resulting complex mixtures. 

In contrast with this result, however, it has now been found 
that when the ester A is treated with benzene in the presence of 
aluminium chloride a good yield of dibenzyl] results, whereas, under 
similar conditions, the esters B and C undergo reaction very smoothly 
at the sulphonic ester linking alone, with the direct production of 
good yields of 8-phenylpropionitrile and ethyl 6-phenylpropionate 
respectively : 


2C.H, -+ C;H,SO,CH,-CH,Cl —-> C,H,-CH,-CH,’C,H, 


C,H, -+ C;H,-S0,CH,-CH,*CN (or CO,Et) —$ 
C,H;*CH,°CH,°CN (or CO,Et). 


This modification of the Friedel-Crafts reaction along apparently 
new lines furnishes a very convenient method for the production of 
alkylated aromatic hydrocarbons, and the action, which is being 
further investigated, appears capable of considerable extension, as 
a great variety of sulphonic esters of the type A are obtainable. 
For instance, in the simple case, from ethyl toluene-p-sulphonate, 
benzene, and aluminium chloride, a 65% yield (approximately) of 
ethylbenzene, calculated on the ester used, has been obtained. 


EXPERIMENTAL. 


8-Cyanoethyl Toluene-p-sulphonate (ester B).—This compound is 
readily prepared by boiling a mixture of pure toluene-p-sulphonyl 
chloride (190 g.), ethylene cyanohydrin (100 g.), and xylene (150 c.c.) 
under reflux for about 34 hours. Hydrogen chloride is rapidly 
evolved at first, and later the mixture darkens with the separation 
of ammonium toluene-p-sulphonate (25 g.) in colourless prisms, m. p. 
325—330° (Found: N, 7:4; 8, 17-0. C,H,,0,NS requires N, 7:4; 
S, 16:9%). The mixture is steam-distilled to expel the xylene, 
and the residue poured into cold water (2000 c.c.). Ester B, which 
separates as an oil and quickly solidifies, is dried on a porous plate 
and recrystallised from methyl alcohol (yield, 146 g. or 65%) 
(Found: C, 53:0; H, 5-2; N, 5:8; 8, 14:5. C,,H,,0,NS requires 
C, 53:3; H, 4:9; N, 6-2; 8, 142%). It crystallises from benzene 
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and alcohol in colourless prisms, and from water, in which it is 
only slightly soluble, in needles, the melting point of both varieties 
being 64°; it boils at 187—189°/0-5 mm. without decomposition. 

y-Imino-y-ethoxypropyl Toluene-p-sulphonate Hydrochloride.—A 
mixture of ester B (10 g.) and a saturated solution of hydrogen 
chloride in absolute alcohol (50 c.c.) is shaken at room temperature 
until all the solid has dissolved, and then, after 1—1} hours, slowly 
diluted with anhydrous ether (200 c.c.). The hydrochloride of the 
iminoethoxypropyl ester, which crystallises, is washed with dry 
ether until free from hydrogen chloride, and recrystallised from 
absolute alcohol, containing a trace of hydrogen chloride, by slow 
addition of dry ether (yield, about 11 g. or 81%) (Found: §, 10-4; 
Cl, 12-1. C,,H,,O,NS,HCl requires 8, 10-4; Cl, 115%). It 
crystallises in colourless leaflets, m. p. 101°, is fairly stable in air, 
but dissolves easily in, and is readily hydrolysed by, water. 

8-Carbethoxyethyl Toluene-p-sulphonate (ester C).—This ester 
quickly separates as an oil when a solution of the above imino- 
salt (10 g.) from ester B in water (50 c.c.) is warmed to 70°. 
It is isolated by means of ether, dried, and fractionated, the portion 
distilling at 167—169°/0-2 mm. being collected (yield, 7-5 g. or 
about 85%) (Found : C, 52-8; H, 5-9; 8, 11-7. C,,H,,0,5 requires 
(, 52-9; H, 5-9; S, 118%). The ester C is a colourless syrup, 
insoluble in water. It distils with slight decomposition into acrylic 
ester and the sulphonic acid, even in a very good vacuum, and is 
readily hydrolysed into the same two compounds by cold aqueous 
alkalis. 

7-Hydroxy-3 : 4-dihydrocoumarin.—A mixture of ester B (9 g.), 
resorcinol (6-1 g.), and zine chloride (1 g.) in anhydrous ether 
(80 ¢.c.) is saturated with dry hydrogen chloride. The crystals 
obtained after 4 hours, when washed free from traces of oil and 
acid with ether and dissolved in water (50 c.c.), decompose with 
separation of the dihydrocoumarin as an oil, which soon solidifies 
to a crystalline compound (m. p. 133°), similar in all respects to 
that obtained by Langley and Adams (loc. cit.) from $-chloro- 
propionitrile and resorcinol. The yield is 3-2 g. (49%) (Found: 
C, 66-1; H, 5-2. Cale.: C, 65-8; H, 4:9%). 

Acrylonitrile—An intimate mixture of ester B (9 g.) and 
anhydrous potassium carbonate (4:5 g.) is heated carefully with 
occasional stirring. At about 80° acrylonitrile begins to distil, 
and at 120°, when some water follows, the heating is stopped, 
and the distillate dried over calcium chloride and fractionated ; 
the greater portion passes over at 77—79° (yield, 1-6 g. or 75%) 
(Found: ©, 68:1; H, 6-0; N, 26-9. Calc.: C, 67:9; H, 5:7; 
N, 26-4%). 

BB2 
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Ethyl Acrylate.—Similarly this ester may be prepared by carefully 
heating a mixture of ester C (10-8 g.) and anhydrous potassium 
carbonate (4 g.). It passes over at a little above 100°, is dried over 
calcium chloride and fractionated, almost the whole distilling at 
100—101°; the yield (3-9 g.) is approximately theoretical (Found : 
C, 59-3; H, 7-8. Cale.: C, 60-0; H, 8-0%). 

Phthal-8-chloroethylimide —A mixture of potassium phthalimide 
(9-5 g.) and ester A (11-7 g.) is heated for about 3 hours at 200° 
with occasional stirring. The cooled mass is extracted with boiling 
water, and the residual oil, which solidifies, is crystallised two or 
three times from alcohol; it then melts at '79—81° (compare Seitz, 
Ber., 1891, 24, 2626). The yield of crude product is 9 g. or 86% 
(Found: Cl, 17-4. Cale.: Cl, 17-0%). 

Dibenzyl.—A mixture of ester A (11-7 g.), benzene (100 c.c.), 
and aluminium chloride (20 g.) is heated under reflux for 2 hours, 
and the product, when cool, is poured into dilute hydrochloric acid 
(600 c.c.) and steam-distilled; 7 g. of dibenzyl (b. p. 284°; m. p. 
51°) are obtained from the distillate by fractionation. 

8-Phenylpropionitrile—When ester B (11-2 g.) is submitted to 
the treatment described in the preceding paragraph (benzene, 
80 c.c.; aluminium chloride, 10 g.), 8-phenylpropionitrile is obtained 
_ as an oil, b. p. 254° (yield, 4-7 g. or 72%) (Found: C, 82-3; H, 6-9. 
Cale.: C, 82-5; H, 6-9%). 

Ethyl 8-Phenylpropionate.—This also is obtained in a similar 
manner from ester C (13-6 g.), benzene (80 c.c.), and aluminium 
chloride (10 g.) (yield, 6-6 g. or 74%); b. p. 245° (Found : C, 74:3; 
H, 7-8. Cale.: C, 74:2; H, 7-9%). 

Ethylbenzene.—Ethy] toluene-p-sulphonate (30 g.) is dissolved in 
benzene (150 c.c.), and aluminium chloride (30 g.) added. After 
the evolution of hydrogen chloride, which is at first spontaneous, 
has somewhat abated, the mixture is refluxed for 2 hours and then 
worked up as in the above cases. The portion of the distillate 
passing over at 133—137° (10-2 g. or 64%), on refractionation, 
distils almost wholly at 135°, the b. p. of ethylbenzene (Found: 
C, 90-6; H, 9-35. Cale.: C, 90-6; H, 9-4%). 

y-Imino-y-ethoxy-«-phenylpropane Hydrochloride —®-Phenylpropio- 
nitrile (2-5 g.) is dissolved in a concentrated ethyl-alcoholic 
solution of hydrogen chloride (15¢.c.). The solution, which becomes 
warm, is kept for about 2 hours and is then slowly diluted with 
anhydrous ether (150 c.c.). The hydrochloride of the corresponding 
iminoethoxy-compound, C,H,;*CH,°CH,*C(OEt):NH,HCl, which 
crystallises, is recrystallised from a solution in absolute alcohol, 
containing a trace of hydrogen chloride, by the gradual addition 
of ether, and then forms needles, m. p. 130° (yield, 3-1 g. or about 
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76%) (Found: Cl, 16-6. C,,H,;ON,HCl requires Cl, 16-6%). It 


] dissolves very readily in water, quickly hydrolysing to ethyl 


8-phenylpropionate (yield, more than 95%). 

a-Chloro-y-imino-y-ethoxypropane Hydrochloride. —To a solution of 
acrylonitrile (1 g.) in dry ethyl-alcoholic hydrogen chloride (15 c.c.), 
which has been kept for about 2 hours, anhydrous ether (150 c.c.) 
is slowly added; the hydrochloride, CH,Cl-CH,*C(OEt):NH,HCI, 
formed by the addition of a further molecule of hydrogen chloride 
to the carbon-carbon double bond, then crystallises. The com- 
pound can be recrystallised as described above for the imino- 
ethoxy-salt from $-phenylpropionitrile (yield, 2-1 g. or about 65%) 
[Found : Cl (total), 41-8; Cl (ionic), 20-4. C;H,,ONCI,HCl requires 
Cl (total), 41-3; Cl (ionic), 20-6%]. It forms colourless plates, 
m. p. 109°, and dissolves very readily in water with hydrolysis 
into ethyl 6-chloropropionate. 


One of us (E. W.) wishes to thank the Trustees of the Westmor- 
land Society (London) for an exhibition enabling him to take part 
in this investigation; and also the Chemical Society for a grant 
which has partly defrayed the cost of research materials. 
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C(.—Properties of Conjugated Compounds. Part IV. 
The Formation of Isomeric Additive Dibromides 
from Butadiene. 


By Ernest Harotp Farmer, Cyrit DunN LAWRENCE, and 
JOCELYN FIELD THORPE. 


CERTAIN conjugated hydrocarbons have been found to yield additive 
dibromides and hydrobromides of two types, representing attach- 
ment of the addendum at adjacent and at terminal carbon atoms 
of the chain, respectively. This fact would seem to constitute 
direct evidence in favour of that attractive extension of the Thiele 
hypothesis which has been developed in connexion with electronic 
theories of polarisation. It is held that the butadienoid unit may 


polarise in two ways, C—C—C—C and C—C—C—C, leading to 
reaction at adjacent (1 : 2- or 3 : 4-) or terminal carbon atoms of the 
chain. On this basis terminal addition is no longer required, but 
may be explained when it arises during the course of experiment. 
With precisely those conjugated compounds, however, from which 
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two isomeric additive products have been isolated, there is evidence 
to show that one additive form is readily convertible into the other. 
The question therefore arises whether both are primary products of 
addition. 

The addition of bromine to butadiene was examined by Griner 
(Compt. rend., 1893, 116, 723; 117, 553). This author records the 
formation (in chloroform solution at —21°) of only one dibromide. 
This substance, a liquid, changed slowly in the cold and rapidly 
at 100° into a solid isomeride, m. p. 53—54°. The liquid and the 
solid were respectively considered to be the 1: 2- and the trans- 
1: 4-dibromide of butadiene. Conversion of the liquid form into 
the solid, by heating, was not complete: a small amount of liquid 
dibromide remained which, although almost undifferentiated in 
boiling point from the original liquid form, was considered to be the 
cis-1 : 4-dibromide. The accuracy of these observations was con- 
tested by Thiele (Annalen, 1899, 308, 333), who stated that under 
essentially the conditions of Griner the predominant product of 
bromine addition was the solid, m. p. 53—54°. The constitution of 
a small liquid residue was left undetermined. Since the 1 : 4-posi- 
tion of the bromine atoms in the solid compound followed readily 
from its oxidation product, butadiene was regarded as yielding 
mainly—probably exclusively—a terminal dibromide. Although 
the additive formation of both 1 : 4- and 1 : 2-dibromides has more 
recently been admitted by Thiele (Straus, Ber., 1909, 42, 2872), 
there is, as far as we are aware, no record in the literature of a 
repetition of the experiment. 

Under the conditions described by both Griner and Thiele, 
butadiene invariably unites additively with bromine to yield a 
mixture of two dibromides. One of these, a liquid which corre- 
sponds to Griner’s product in boiling point and instability, is the 
1 : 2-dibromide, since its ozonide on fission gives excellent yields of 
«8-dibromopropaldehyde and formaldehyde; the other is the solid 
compound described by Griner and Thiele and shown by the latter 
to possess the 1 : 4-constitution. 


r O03. 
CH,Br-CHBr-CH-CH, —> 
H-CHO+CH,Br-CHBr-CHO (—""5. CH,:CBr-CHO) 


When either the 1 : 2- or the 1 : 4-dibromide is heated for a few 
minutes at 100°, the product is a mixture in which the two isomerides 
appear to be in equilibrium [1:2—>1:2 (20%) +- 1:4 (80%) <—1:4]. 
The 1 : 2-constitution of the liquid portion of the mixture, whether 
derived by the forward or by the backward change, has been 
established by ozonisation. No indication of the formation of a third 
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isomeride (the cis-1 : 4-dibromide of Griner) has been obtained ;* if, 
however, the heating be prolonged for several hours, a new liquid of 
considerably higher boiling point, probably a polymeride, makes 
its appearance. At room temperature the change 1 : 2-—>1:4- 
takes place slowly and approaches completion in about four days if 
crystallisation of the solid form be promoted; if crystallisation is 
not assisted, the system tends apparently to a metastable condition. 
At room temperature the reverse change is inappreciable. Both 
dibromides readily liberate iodine from potassium iodide dissolved 
inaceticacid. The liberation is most rapid with the 1 : 2-dibromide, 
but quantitative measurements are rendered difficult owing to the 
recombination of the liberated iodine with the bromohydrocarbon. 
Figures approaching one molecule of liberated iodine per molecule 
of dibromide have been obtained. 

In a series of theoretical papers (Bull. Soc. chim. Belg., 1921— 
1922) Gillet has reviewed many known cases of intramolecular 
change among unsaturated compounds. These involve migration 
of an atom or radical (OH, Br, H) with accompanying double-bond 
movement. He submits the generalisation: ‘If in the system 
(,:C,°C,X the total effect of the radicals saturating C, is strongly 
negative in comparison with that of the groups saturating C,, the 
nost negative radical attached to C, tends to migrate to C, ” (ibid., 
1922, 34, 365). The additive dibromides and dihydrogenated 
derivatives of conjugated compounds would be expected to ex- 
emplify this rule, and of the former Gillet says: ‘‘ If one compares 
the compound CH,:CH’CHBr-CH,Br with the examples cited 
(examples which follow the rule) it is found to be in the same category 
and should very easily undergo, under the influence of traces of acid, 
the transformation CH,:CH-CHBr-CH, Br —> CH, Br’CH°CH-CH,Br. 
Thus in effect two forms are obtained by combining one molecule 
of bromine with one molecule of butadiene, the second form pre- 
ponderating.” Addition is therefore regarded as taking place at 
one double bond, the apparent 1: 4-addition being sufficiently 
explained by including the 1 : 2-dibromide in the category of sub- 
stances subject to “‘ negative ’’ migration. 

During the course of our experiments Prévost has published 
observations (Compt. rend., 1927, 1484, 1460) concerning the addition 
of bromine to ««38-tetramethylbutadiene. Here the dibromide 


* Owing to the mobility of the liquid dibromide and the ready solubility of 
the solid dibromide in its liquid isomeride (also the volatility of the former in 
the vapour of the latter) it is particularly difficult to demonstrate conclusively, 
as, e.g., by oxidation or distillation methods, the absence of a cis-1 : 4-isomeride, 
This point is being closely examined in the less mobile bromo-compounds 
derived from certain substituted butadienes. 


732 FARMER, LAWRENCE, AND THORPE : 


consists of a mixture of solid (10—20%) and liquid material when 
first isolated, but the liquid portion solidifies so rapidly, and decom- 
poses so readily on distillation, that a definite liquid dibromide 
isomeric with the solid compound cannot be separated. The solid 
is regarded as the 1: 4-form, and the liquid as a solution of this 
form in its 1:2-isomeride. From indications afforded by the 
variation of the melting point of the solid form with rapidity of 
heating and of the rapidity of solidification of the fused mass with 
duration of heating, it is concluded that the behaviour of the 
isomerides conforms with a principle of tautomeric interchange 
similar to that laid down by Gillet, but reversible. The re-state- 
ment of Lapworth’s wy-rule on a basis of ionisation (“‘ synionism ”’) 
by this author (ibid., 1927, 185, 132) is of interest in that it identifies 
the activated form of the system A:B-CX with the ionised form 
A+B+C+,X-+, employing the nomenclature of alternate polarity. 
The inclusion of additive dibromides of butadienoid hydrocarbons 
among mobile propene systems has, however, only an indirect 
bearing on the additive mode of the conjugated hydrocarbons 
unless (1) the primary additive dibromide is invariably a 1: 2- 
compound, or (2) the tautomeric complex, CH,Br-CH-CH:°CH,, is 
in some form a necessary feature of the additive mechanism. If the 
sole primary additive dibromide of butadiene is the 1 : 2-compound, 
then the proportion of the two isomerides in the crude bromination 
mixture might be expected to vary with those conditions which 
affect the 1: 2-->1:4-change. Actually, although the proportion 
of isomerides obtained during bromination shows great constancy 
under given experimental conditions, it varies widely with the solvent 
employed. The table shows the percentage of 1 : 4-dibromide 
obtained in the presence of four carefully purified solvents, pure 
bromine being employed. 


Chloroform ...... (—15°), 63-0. Acetic acid ...... (4°), 70-0. 
ee (—15°), 38-4. Carbon disulphide (—15°), 65-9. 


The rate at which the pure 1 : 2-dibromide isomerises in solvents 
such as hexane and chloroform, at temperatures below 20°, is 
variable but very slow. Change which occurs subsequently to the 
formation of the 1 : 2-dibromide and in which only the latter com- 
pound and the solvent participate, appears, therefore, an insufficient 
explanation of the considerable percentages of 1 : 4-dibromide 
recorded. The employment of slightly impure (commercial) instead 
of pure solvents during the bromination process caused little vari- 
ation from the figures given above. Hydrogen bromide suggests 
itself as a probable accelerator of the 1 : 2-——>1 : 4-change, particu- 
larly as it is produced (apparently inevitably) during the bromin- 
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ation of butadiene. This reagent does undoubtedly accelerate the 
change in solution, but the extent of acceleration (see p. 738) falls 
far short of that which would be required for the formation of 
38—70% of 1 : 4-dibromide during the time occupied by, and at the 
temperature of, bromination. Attempts to decrease the concen- 
tration of hydrogen bromide during bromination by suspending 
or dissolving appropriate reagents in the solvent led only to com- 
paratively small reductions in the proportions of 1 : 4-dibromide 
(p. 737). 

Although in a newly formed, extremely mobile system, the product 
isolated could be other than that first formed, in the present 
instance the degree of mobility appears insufficient to account for a 
considerable degree of 1:2 —>1:4-change within the required limits 
of time and temperature, unless acceleration is to be attributed to 
energy changes associated with a progressing reaction. It appears 
from this result that isomeric change of a purely post-additive nature 
is not to be regarded as mainly responsible for the appearance of two 
kinds of additive product. It remains, therefore, either to attribute 
the constitutional differentiation of the products to an inherent 
capacity of the hydrocarbon for assuming differently polarised 
forms, or to regard it as in large measure incidental to the operation 
of the additive mechanism. Of these alternatives, only the latter 
needs consideration, one of the principal objects of the present series 
of investigations being to examine the possibility of accounting for 
the additive products of so-called conjugated compounds without 
having recourse to a special hypothesis of conjugation. 

It is clear that if reversible «y-change of the type -CBrC:C=—= 
C:C-CBr (considered as purely of an intimate intramolecular 
character—that is to say, not proceeding by effective ionisation of 
bromine) is comparatively slow when the substances in question are 
the formed molecules of 1 : 2- and 1 : 4-dibromide, it is necessary to 
look to an earlier stage in the additive process for the chief cause of 
the differential orientation of the additive products. Thus, there 
is every appearance of the possession by an intermediately formed 
molecule or additive complex of a mobility superior to that of the 
corresponding formed molecules (compare “ the enhanced mobility 
of newly formed molecules,’ Ingold and Goss, J., 1925, 127, 2776). 
If, then, the additive reactions of butadienes are fundamentally of 
normal ethylenic character, the first additive stage of butadiene 
should be identical with that of ethylene under analogous condi- 
tions. Since in non-ionising solvents at any rate, there is strong 
probability of molecular attack by bromine (compare Soper and 
Smith, J., 1926, 1582; 1927, 2757) the intermediate compound may 
be represented (electronically) by a formula such as (I), although, 
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possibly, attachment of the addendum at the two carbon atoms is 
achieved successively rather than simultaneously. 


Br Br Br Br 
(I.) HC C:CiC:H > HCCiCiCH (IIT.) 
H HHH HHHH 
| | 
BrBr Br Br 
(II.) HC:C:CiC:H H:C:CiC:C!H (IV.) 
HHH HHH 


This has only transient existence, and breaking of the singlet 
linkage between the bromine atoms allows activity in two ways: 
(a) taking the course normal in the bromination of ethylenes, 
yielding (II), (6) bringing into action the tautomeric capacity of 
the propene system and passing through (III) to (IV). In this way 
conditions tending to the initiation of the wy-change (an absence of 
that fixity appertaining to the formed molecules which restrains 
the progress of the 1:2-— > 1:4-change) occur in the normal course 
of addition, and activity of the propene system, in the sense indicated, 
is rendered the more probable by knowledge of propenoid behaviour 
derived from other sources. There is, of course, nothing in the 
evidence now submitted which definitely excludes the possibility of 
the formation of two intermediate complexes (corresponding to 
alternative polarisations of the hydrocarbon) in the additive process, 
but the observations recorded indicate a method of diminishing the 
probability in this direction by demonstrating the adequacy of 
propenoid activity to account for the differentiation of additive 
products. 

Experiments with the additive dibromides of other butadienoid 
hydrocarbons have shown that reversible interconversion of 1 : 2- 
and 1:4-forms takes place either spontaneously or on heating 
(unless heating causes degradation). Little is known as yet 
concerning the equilibration of these compounds in solution or the 
correspondence (in composition) of equilibrium mixtures obtained 
under different conditions. Therefore, it is not possible to gauge the 
degree of approach to a condition of equilibrium between 1 : 2- and 
1: 4-forms attained in the bromination process. Doubtless, how- 
ever, modification of the butadiene system by the introduction of 
substituents will have an effect on the composition of original 
bromination products generally analogous to that of substituents in 
aromatic processes and approximating towards that exerted in the 
1 : 2-—>1 : 4-change in the sense foreseen by Gillet. Experiments 
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in this direction are now being made, employing variously substi- 
tuted butadienes and addenda of different types. 


EXPERIMENTAL. 


Asy-Butadiene was readily obtained from the gas which is 
liberated on heating “railway hydrocarbon”; this was passed 
into bromine until decolorisation was complete. The product be- 
came semi-solid on cooling owing to separation of butadiene tetra- 
bromide. The latter compound was filtered off, washed with 
ligroin, and twice recrystallised from the same solvent (m. p. 117°; 
compare Thiele, loc. cit.). The filtrate contained a quantity of the 
stereoisomeric tetrabromide (m. p. 37—39°), but since this was 
difficult to purify in comparison with the higher-melting compound, 
the former was used exclusively for regenerating butadiene. The 
method of Thiele (loc. cit.) was employed for regeneration, the 
tetrabromide being placed in a percolator, from which condensed 
alcohol from the reaction flask gradually removed it. The issuing 
gas, after passing through efficient water-cooled condensers, was 
scrubbed by passage through U-tubes packed with calcium chloride 
and maintained at 0°. The gas was directly absorbed by solvent 
maintained at a low temperature, the quantity absorbed being 
estimated from the increase in weight. Owing to the ease with 
vhich butadiene is lost from many solvents, a content figure con- 
siderably lower than that indicated by weighing was assumed in the 
following bromination experiments. The yield, when the gas was 
absorbed in chloroform, was usually about 80%. 

Method of Bromination.—A solution of the hydrocarbon in the 
desired solvent was prepared in a flask closed by a stopper carrying 
the delivery tube and a calcium chloride tube. After the weight 
of dissolved hydrocarbon had been ascertained, the stopper was 
rapidly exchanged for one carrying a small dropping-funnel and a 
calcium chloride tube. The required quantity of bromine was 
introduced into the dropping-funnel, which was then closed by a 
calcium chloride tube. The flask was cooled in a freezing mixture 
of ice and salt and the contents thereof were kept in thorough 
agitation during the entire period of bromination (about 1 hour for 
5 g. of hydrocarbon). On opening the flask, fumes of hydrogen 
bromide usually escaped. The solvent, except in the case of acetic 
acid, was evaporated at greatly reduced pressure without heat- 
application. In those experiments in which glacial acetic acid was 
employed the bromination mixture was divided into two equal 
portions, which were worked up in different ways, and the results 
were compared. From one portion the solvent was removed at 
greatly reduced pressure, the containing flask being immersed in a 
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beaker of water at 25°, whereas from the other it was removed by 
pouring the mixture into water, extracting the dibromide with ether, 
and repeatedly washing the ethereal solution with water. The 
subsequent removal of ether from the dried solution was conducted 
at reduced pressure. The total yield of dibromide and the proportion 
of solid dibromide were found to be nearly identical for each method. 

Purification of the reagents was effected as follows: Bromine : 
(1) method of West, J., 1924, 125, 1279; (2) a process essentially 
the method 3 of Orton, Watson, and Hughes (J., 1927, 2462). 
Acetic acid : method of Backes, West, and Whiteley (J., 1921, 119, 
364). Chloroform : washing with water, followed by agitation with 
concentrated sulphuric acid and final distillation over phosphoric 
oxide. Carbon disulphide : shaking with metallic mercury, followed 
by distillation over phosphoric oxide. Hexane: sodium-dried 
n-hexane of commerce (b. p. 68—69°) first carefully fractionated 
under an efficient column, then refluxed for 6 hours over sodium 
wire, and finally distilled. Quinoline dibromide hydrobromide 
was recrystallised twice from alcohol [Found: Br, 64-2 (total); 
42-5 (available). Calc.: Br, 64-8 (total); 43-2 (available)%]. 

Separation of Dibromides.—The mixture of dibromides was diluted 
with an equal volume of petroleum (b. p. 40—60°) and cooled 
gradually (to obtain compact crystals) to —20°. After remaining 
at this temperature for 1 hour, the mother-liquor was decanted 
from the crystals, which were rapidly washed by decantation with a 
further very small amount of petroleum, the washings being added 
to the mother-liquor. The process was twice repeated. The 
liquid dibromide was isolated from the ultimate mother-liquor by 
evaporation of the solvent at reduced pressure. In the earlier 
experiments the halogen content of the crude liquid was determined ; 
in each case so determined, the value found corresponded very 
closely with the required figure and the estimation was subsequently 
dispensed with. Owing to slight loss by volatilisation during the 
removal of the solvent, the total yield of dibromide in each experi- 
ment was slightly in deficit (usually about 14%) of the theoretical 
quantity calculated on the basis of the bromine employed. 

The solid dibromide, «$-dibromo-A?-butene, crystallised in 
colourless prisms, m. p. 53° (Found: Br, 74:8. Calc. : Br, 74:8%). 
The intensely lachrymatory nature of this substance rendered it 
very objectionable to work with. The liquid dibromide was 4 
colourless, mobile oil, which distilled without degradation (b. p. 
58—66°/14 mm.), but suffered in the process a considerable degree 
of conversion into its solid isomeride (Found : Br, 74-7%). 

Constitution of the Liquid Dibromide—A solution of purified 


dibromide (6-5 g.) in chloroform was cooled in a freezing mixture f 
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whilst submitted to a current of ozonised oxygen (8 hours). The 
solvent was removed at reduced pressure, and the colourless, viscous 
ozonide decomposed by warming it gently with water. The formal- 
dehyde, which was fully evolved during the decomposition, was 
absorbed in dilute ammonia and subsequently recovered as 
hexamethylenetetramine. The aqueous liquor, which contained 
much oil in suspension, was extracted with ether, the extract being 
shaken with a little sodium bicarbonate solution and finally dried. 
Distillation of the solvent (the distillate containing formaldehyde) 
left a pale yellow aldehydic oil, rich in bromine. This substance, 
«8-dibromopropaldehyde, was converted for convenience into 
«-bromoacraldehyde by heating on a steam-bath for 20 minutes 
with aqueous sodium acetate (10 g. in 10 c.c.). The resulting 
liquor yielded on steam distillation a pale yellow, lachrymatory oil, 
b. p. 55°/17 mm. (Found: ©, 26-7; H, 2:0; Br, 59-4. Cale.: C, 
26-7; H, 2:25; Br, 59-25%), which was strongly aldehydic, yielding 
a semicarbazone, m. p. 160°, identical with that of «-bromoacral- 
dehyde prepared by the method of Auwers and Heyna (Annalen, 
1923, 434, 140). The yields were excellent. 

Composition of the Bromination Mixture-—The percentages of 
the 1:4-dibromide obtained in the different experiments are 
shown in the table. The figures are calculated on the ratio of 1 : 4- 
libromide to the total dibromide isolated; the figures in brackets 
are the corresponding values based on the amount of bromine 
employed. The solvents and brominating agent were carefully 
purified, except where indicated as ordinary commercial reagents 
(com.). 


Brominating Added 1: 4-Di- 
Solvent. agent. reagent. bromide %. 
Chloroform. Bromine. — 63-0 (62-5) 
i Quinoline dibromide — 0 
hydrobromide. 

Chloroform (com.). Bromine (com.). — 63-7 (62-1) 
Hexane. Bromine. _— 38-4 (36-5) 
- 2 Quicklime. 36-3 (35-2) 


‘i Ps Calcium carbonate. 36-9 
Acetic acid. is Potassium acetate. 69-2 (66-3) 
Acetic acid (com.). Bromine (com.). — 70°3 (67-6) 
Carbon disulphide. Bromine. — 65-9 (64-0) 
Interconversion of the Butadiene Dibromides—The liquid di- 
bromide isomerises slowly even at room temperature. The change 
became appreciable in 3—4 days as indicated by diluting a specimen 
with petroleum and cooling to —15°; the introduction at this stage 
of a large crystal of the solid dibromide usually led to almost complete 
conversion into the solid isomeride in the course of a few days, but 


| specimens left undisturbed remained liquid after standing for several 


weeks. At higher temperatures isomerisation was more rapid and 
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at 100° conversion to the extent of about 80% could be effected in 
a few minutes. The solid form, stable at room temperature, likewise 
suffered isomerisation at higher temperatures. The identity of the 
liquid bromide so produced with the 1 : 2-dibromide derived directly 
from butadiene followed from its boiling point, its re-convertibility 
into the 1 :4-dibromide, and the formation of formaldehyde and 
«-bromoacraldehyde on decomposition of its ozonide: there was no 
indication of a third isomeride, the cis-] : 4-dibromobutene of 
Griner. The effect of heating the 1:4-dibromide at 100° over 
periods varying from 10 minutes to 3 hours was in all cases to pro- 
duce a mixture of 1:2- and 1:4-isomerides. There was every 
appearance that at 100° equilibrium between the two forms became 
very rapidly established, since the composition of the mixtures 
produced by heating for periods up to ? hour varied little (solid 80%, 
liquid 20%); gradually, however, owing to slight degradation and 
the accumulation of a by-product of high boiling point (probably 
polymeric), the composition became changed and after 3 hours only 
68° of the mixture consisted of the solid isomeride. 

A knowledge of the facility of isomerisation of the liquid dibromide 
when dissolved in solvents such as chloroform and maintained under 
temperature conditions similar to those employed during bromination 
was a matter of importance. Specimens of the pure liquid di- 
bromide, dissolved in hexane or chloroform at —15° and main- 
tained for appropriate periods at this temperature, were found on 
examination (by the method utilised in separating the products of 
bromination) to have suffered only slight change, amounting to not 
more than a few units °4. The change under similar conditions 
with acetic acid was rather greater but still small. The introduction 
of small quantities of hydrogen bromide into solutions of the pure 
liquid dibromide appeared to have in every case a definite accelerat- 
ing effect, but this was not marked, amounting, for example, with 
chloroform only to 8% conversion. In no instance was a consider- 
able conversion in solution effected at a low temperature and even 

at room temperature the degree of conversion became important 
only after a prolonged period. 

Lability of Bromine in Butadiene Dibromides.—Both 1 : 2- and 
1 : 4-dibromides liberated iodine from a glacial acetic acid solution 
of potassium iodide at room temperature. With the former the 
initial speed of liberation was the greater, but after a time the progress 
of the reaction could not be followed owing to the combination of 
iodine with the unsaturated compounds in solution. At 40° the 
combination of liberated iodine was still more marked. No really 
satisfactory method of estimation was discovered, although by 
periodic titration of the reaction mixture with concentrated thio- 


Sl 
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sulphate solution (carrying out simultaneously a control experiment) 
a liberation of nearly 0-9 mol. of iodine per mol. of dibromide was 
registered in each case. The time taken was about 7 hours. 


It is desired to express our thanks to Dr. A. T. Healey for gifts of 
crude hydrocarbon, and to the Government Grant Committee of 
the Royal Society for a grant which has defrayed a portion of the 
cost of this research. 
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CI.—Selenium Oxyfluoride. 


By Epmunp Brypces RupHALL PRIDEAUX and CHARLES 
BERESFORD Cox. 


By the action of fluorine on selenium, Moissan (‘‘ Le Fluor,” p. 123) 
obtained white fumes and a white solid, which were not further 
examined. If the fluorine contained electrolytic oxygen (as is often 
the case) or was mixed with air, it is possible that the fumes contained 
an oxyfluoride, and the residue would then have consisted of selenium 
lioxide, or selenious acid containing a little hydrofluoric acid. Lebeau 
(Compt. rend., 1907,145, 190) reported a gaseous fluoride of selenium 
which he considered to be the hexafluoride previously discovered by 
one of us (J., 1906, 89, 316), but since this contained about 2% of 
selenium in excess of the theoretical proportion, the presence of an 
oxyfluoride was suspected. In our opinion this is improbable because 
the gas had been kept in a gas-holder over mercury, which would have 
decomposed an oxyfluoride. Lebeau also stated that separation of 
oxyfluoride from hexafluoride by fractional distillation would have 
been difficult, but we now know that there is a sufficient difference 
between the boiling points, for the hexafluoride sublimes at — 39°. 
No definite oxyfluoride of selenium had therefore been described 
until our preliminary experiments (J., 1927, 928) showed that it 
was probably produced by the interaction of selenium oxychloride 
and silver fluoride. These results are now confirmed and amplified. 


EXPERIMENTAL. 


Conditions of the Reaction.—The selenium oxychloride, supplied 
by the British Drug Houses, did not require redistillation. The 
silver fluoride was prepared by the method of Ruff (“‘ Das Fluor ’’), 
or by evaporating a solution of the acid fluoride and drying the 
product in a heated desiccator; the latter material was reactive, 
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but still contained a little acid, probably as silver hydrogen fluoride, 
since the acid came over first in the subsequent distillation. 

When the vapour of selenium oxychloride was passed over heated 
silver fluoride contained in a platinum boat, the fluoride was quickly 
converted into chloride, a white sublimate of selenium dioxide was 
observed, and the glass was strongly etched. Reaction occurred in 
dry carbon tetrachloride with similar results. Experiments were 
then carried out in a platinum bottle with platinum condenser tube, 
but little if any gas was produced. When the bottle was heated to 
about 140° on a sand-bath, the reaction suddenly began with the 
production of copious fumes; these condensed in the platinum 
tube to a colourless liquid, the analysis of which proved that it was 
selenium oxyfluoride, SeOF,. The yield was low because some 
vapour escaped owing to the rapidity of the reaction, and some 
remained in the bottle at the end of the distillation. Even with 
excess of silver fluoride, the reaction was sometimes incomplete 
because the grains of fluoride were coated with silver chloride, as 
proved by the fact that, although the aqueous extract of the residue 
contained no soluble silver, some was found in the filtrate obtained 
when the residue was dissolved in ammonia and reprecipitated with 
nitric acid. 

Preparation.—Selenium oxychloride (9—10 g.) and about 3 times 
its weight of silver fluoride were thoroughly mixed with a platinum 
stirrer, and heated until the commencement of the violent reaction, 
which was moderated as required by cooling the bottle. Altern- 
atively, the silver fluoride was added in two or three portions to 
the oxychloride, the mixture being well stirred and heating being 
continued until a portion showed no ionic chlorine after reaction 
with water. The whole was then distilled between 140° and 200° 
and the distillate was collected in a platinum crucible with a tight 
lid; the analyses of successive portions have already been given 
(loc. cit.), and the properties were constant. After removal of the 
residue from the platinum bottle, this was used for storage, being 
tightly closed and kept in a desiccator with calcium chloride. 

In later experiments, the compounds were mixed in a large 
platinum crucible which was contained in a monel-metal pot of 1} 
inches internal diameter. (This was made to our specification by 
Mr. E. R. Walter, B.Sc., to whose skill we are also indebted for the 
other pieces of apparatus made of monel metal.) The screw cover 
of the pot was provided with an inlet tube through which a current 
of dry air was passed at the end of the distillation. The products 
of several experiments were then collected in the platinum bottle, 
and a sufficient quantity was thus obtained for the determination of 


the melting point. 
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Analysis.—The previous methods of analysing mixtures of hydro- 
fluoric and selenious acids (J., 1926, 167) have now been further 
improved and tested on mixtures of known composition. The 
procedure is briefly as follows: The solution of the two acids 
was titrated with N/10-alkali (free from carbonate) to the end- 
point shown by p-nitrophenol, which falls somewhat short of the 
point corresponding to sodium fluoride and sodium hydrogen 
selenite. 

[The factor for this correction of the observed titre (V c.c.) was 
1:03 in the particular mixture under investigation, i.e., 2HF + 
H,SeO,.] Rather more than 2/3V c.c. of N/10-silver nitrate were 
added, and the precipitation of silver selenite was completed by the 
addition of further alkali until the yellow colour of the indicator 
reappeared. The precipitate was then collected in a waxed funnel, 
and the titration completed on the filtrate and washings in the 
presence of phenolphthalein. The total alkali used gave correctly 
the sum of the acids. The silver selenite, preferably precipitated 
from a separate portion, was washed, finally with alcohol, and dried 
at 110—120°. The selenium so found agreed with that determined 
as element. 

A mixture corresponding to SeO, + 2HF was made by distilling 
4 mols. of the anhydrous acid on to a weighed quantity of the 
dioxide and adding the necessary additional amount of dioxide. The 
analyses of the mixture and of the compound followed the same 
course. The sample was weighed quickly in a platinum crucible 
with a tightly fitting lid; this was then immersed in water con- 
tained in a large platinum basin, and rolled about so as to admit 
the water so slowly that no fumes escaped at any stage. As an 
example of the results obtained, we quote the analysis of a sample 
taken from the preparation which was used in the determination of 
the melting point : 0-9132 g. was dissolved to give 97-88 g. of solu- 
tion in a ceresined flask; 44-25 g. of this solution gave 0-2440 g. 
of selenium (as element) and hence the selenium content of the 
sample was 59-1%. 12-23 G. of the solution required altogether 
40-0 c.c. of N/10-alkali (i.e., before and after precipitation of silver 
selenite); of this, the selenious acid required 19-8 c.c., as calculated 
from a gravimetric determination, and therefore the hydrofluoric 
acid required 20-2 c.c., corresponding to 28-9°% of fluorine in the 
sample (Calc. for SeOF,: Se, 59-5; F, 28-5%%). 

Physical Properties —On account of the corrosive action of this 
compound, especially upon glass, it has only been possible to 
determine the density, the boiling point, and the melting point. The 
preparations used in these determinations all gave satisfactory 
analyses by the above methods. 
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Density. A thick-walled tube, made by drilling out a rod of monel 
metal, was fitted with two lids which could be screwed down against 
a flange inside and also against a lead washer, which was held 
between the lid and the top of the tube. Two similar tubes of this 
pattern were used, one as a density bottle, the other as a boiling- 
point and reaction bottle. The lid of the density bottle was centrally 
bored with a hole 1/32 inch in diameter and was prolonged into a 
plunger below the screw thread. The bottle was calibrated with 
water in the usual way. Its capacity was about 0-5c.c. Found: 
d = 2-70, 2-64, 2-66; mean 2-67. 

Boiling point. This was determined by the method of Smith and 
Menzies (Z. physikal. Chem., 1911, 75, 494). The monel-metal 
bottle was closed by a lid carrying a piece of tubing of } inch internal 
diameter, which was bent through 180°. The end (below the 
bottom of the boiling-point bottle) was drilled to 3/16 inch diameter. 
Into this end was fitted a short length of platinum tube, the other 
end of which was sealed into a capillary glass tube, in which could 
be observed the fluctuations of the vapour pressure. The bottle 
was about three-quarters filled with the selenium oxyfluoride, 
attached to a thermometer, and heated in a bath of bromonaphth- 
alene or medicinal petroleum. The temperature at which a steady 
stream of bubbles first appeared was about 100°, but this did not 
correspond to the true boiling point, since the temperature of the 
bath rose much higher, and liquid was still found on opening the 
bottle. A number of readings were made of the temperature at which 
the liquid sucked back; this point was determined about a dozen 
times as 121—129°, with 5 readings at 124°. 

Melting point. In anticipation of a low value, a pentane ther- 
mometer was used, which had also been found accurate at the 
ordinary temperature. In the first two determinations, which gave 
rather higher values than that stated below, the bulb of the ther- 
mometer was protected by a thin glass tube coated with sulphur. 
The lag, however, was too great to allow of trustworthy readings, 
especially with the small quantity of liquid then available The bulb 
was therefore sheathed in platinum foil, wound tightly round, and 
pressed together at the bottom. The liquid was poured into the 
smallest platinum vessel, which was placed in the bottom of a thinly 
vaselined glass tube, tightly closed by a rubber bung bearing the 
thermometer and a drying tube. The liquid was solidified, not too 
quickly, by immersion of the outer tube in a mixture of alcohol and 
carbon dioxide snow, being thus obtained as a clear, dark mass, like 
ice. This was allowed to melt slowly by placing the tube inside 4 
vacuum cylinder. A heating curve was taken from the time when 
liquid was first observed; in the presence of solid and liquid, the 
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temperature fluctuated irregularly between 4:5° and 4-7° for 10 
minutes, and then rose slowly; hence melting point = 4-6°. 

Chemical Reactions.—Glass is rapidly attacked by the liquid or 
vapour with the formation of a white deposit, consisting principally 
of selenium dioxide. Silica, as a dry powder, reacts violently with 
the liquid. An attempt to analyse the compound by means of this 
reaction showed that the evolution of silicon tetrafluoride is nearly 
quantitative: 2SeOF, + SiO, = 2SeO, + SiF,. 

Crystalline silicon is slightly attacked in the cold, readily on 
warming. The fine powder was added to some of the compound in 
the boiling-point bottle, which was connected with a nitrometer 
containing dry mercury. On heating, gas was evolved, some of 
which was absorbed by water and shown to be silicon tetrafluoride. 
The residual silicon was coated with red selenium, and also con- 
tained selenium dioxide; the amounts of these were 0-078 and 
0-166 g., respectively, the theoretical amounts from the 0-400 g. of 
selenium oxyfluoride taken being 0-119 and 0-167 g. respectively, 
in accordance with the equation Si +- 2SeOF, = Sik’, + SeO, + Se. 

Red phosphorus, which had been extracted with alkali and 
thoroughly dried, ignited in a few seconds when mixed with the 
compound. The oxyfluoride was placed in the monel bottle, the 
bent tube of which was filled with the phosphorus, and connected 
vith a nitrometer containing dry mercury. When the bottle was 
varmed, the vapour reacted very suddenly, filling the nitrometer 
with gas and with red fumes of selenium and phosphorus. The gas 
was very quickly absorbed by dilute alkali, and the resulting solution, 
after filtration, was shown to contain combined phosphorus; the 
gas was therefore probably phosphoryl fluoride and not phosphorus 
trifluoride, for the latter is very slowly absorbed by alkali and not 
by water. The reaction probably occurs mainly according to the 
first of the equations given below. 

Sulphur (octahedral) as a powder is not attacked in the cold, 
but on warming, a gas is evolved, and red selenium is deposited. 

Alcohol mixes readily with the compound, as it does with both 
the dioxide and hydrogen fluoride. Carbon tetrachloride forms two 
layers. 

The Solution SeO, + 2HF. 

It has already been shown that under ordinary conditions selen- 
ium dioxide does not combine with hydrogen fluoride with the 
elimination of water (J., 1926, 168). Solutions of the dioxide in 
hydrogen fluoride resemble in many respects the compound described 
above, and it was therefore deemed of interest to determine the 
constants and behaviour of the mixture in the above ratio. The 
preparation and analysis of this mixture have been described above. 
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The reaction with phosphorus was even more violent than in the 
case of the oxyfluoride, and seemed to increase with the concentra- 
tion of the selenium dioxide, for the mixture SeO, + 4HF showed 
scarcely any action until the excess of acid had evaporated. The 


reaction was investigated quantitatively in the boiling-point bottle. 


The gas was first treated with water, which slowly absorbed 4-9 c.c. 
(POF;), and then with alkali, which slowly absorbed 6-6 c.c. (PF5). 
The reaction therefore probably takes place in two ways : 


6(SeO, -+- 2HF) + 4P = 4POF, + 5Se + H,Se0, + 5H,0 
6(SeO, ++ 2HF) + 4P = 4PF, + 3Se + 3H,Se0, + 3H,0. 


Silicon was attacked with steady evolution of gas. Sulphur was 
hardly affected in the cold, but on heating, a deposit of red selenium 
was formed, sometimes with inflammation. Monel metal was 
slightly attacked after a time, with the production of a red solution 
which probably contained colloidal selenium. 

Changes in Volume during Solution and Hydrolysis.—The deter- 
mination of the densities of this solution and of the compound (see 
table) furnishes an unusually favourable set of data for the com- 
parison of changes of volume which occur during the course of a 
complete dissolution and a complete hydrolysis yielding the same 
product, under isothermal and isobaric conditions. Halides of the 
non-metals, other than fluorides, on hydrolysis yield gases which can 
only be kept in the system under high pressures, e.g., phosphorus 
oxychloride gives off hydrogen chloride, and the mode of combination 
of the elements in the products of hydrolysis is extremely doubtful. 
Fluorides of many non-metals are themselves gaseous and cannot be 
compared under isobaric conditions with the products of hydrolysis. 
In the present case, however, solids and liquids react to form a 
solution which almost certainly should be written as SeO, + 2HF, 
since it is extremely improbable that hydrogen is removed from 
direct combination with fluorine. The partial formation of a 
complex, such as hydrofluoselenious acid, H,SeO,F,, is not likely 
to involve a considerable change of volume. We can compare the 
volume changes of reactions (1) and (2) by using the densities 
given in the table, together with those of selenium dioxide (3-954) 
and hydrogen fluoride (0-988). 


SeO, + H,F, —> (SeOQ,+ 2HF) . . . (I) 
Molecular volumes 27-55 + 40-50 (= 68-05) —~> 58-5 
SeOF, + H,O —> (SeO, + 2HF) . . . (2) 
Molecular volumes 49-2 + 18-0 (= 67-2) —~+> 58-5 


Both of these reactions proceed with considerable evolution of heat 
from left to right. The contractions, 9-55 and 8-70, are very 
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similar, and if the volume of the SeO, which is common to all the 
systems, is constant, then the molar volume of H,O is scarcely 
altered when its elements are divided between SeO and F,. 


Comparison of Properties. 


SeOF,. SeO, + 2HF. 
Density. 2-67 2-57, 
§ Molar volume, 49-2 58-5 
9 Melting point. + 4-6° Indefinite. 
Boiling point. +124-0° Indefinite. 
Effect of distill- Constant distillate; no resi- Distillate contains much 
ation. due. HF and little SeQ,. 
Residue of SeQ,. 
Se content (by 59:5% 52-4% 
analysis). (58-0-—59-9) 
Action on sul- Not perceptible in the cold; Similar. 
phur. evolution of gas and de- 
position of red Se on 


heating. 
Action on silicon. Slight in cold; evolution of Steady evolution of SiF,. 
SiF,, deposition of Se on 


heating. 
Action on red Violent, with inflammation; Similar. 
phosphorus. evolution of gaseous fluor- 


ides of phosphorus; pro- 
duction of red Se and of 
SeQ,. 
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CIIl.—The Action of Bromine Water on Certain Olefinic 
Acids. 


By Joun Reap and WILLIAM GaLLoway REID. 


In the course of investigations upon the use of chlorine water and 
bromine water as effective sources of hypochlorous and hypobromous 
aids, it has been shown that these reagents react readily with 
tinnamic, methylcoumaric, and methylcoumarinic acids to form 
halogenohydrins. In ice-cooled aqueous solutions, at concen- 
trations varying from 0-07N to 0-08N, and under appropriate con- 
ditions, from 95% to 98% of the reacting unsaturated acid was 
transformed to the chloro- or bromo-hydrin, the remainder giving 
tise to the corresponding dihalogenide (Read and Andrews, J., 1921, 
119, 1774). Similar results have been recorded for other un- 
saturated acids by Biilmann (Rec. trav. chim., 1917, 36, 317), who 
found that bromine water reacted with fumaric and maleic acids 
in 0-05N-aqueous solutions, forming bromohydrin to the extent of 
about 96%. Corresponding values for the remaining acids investig- 
ated by Biilmann were as follows: crotonic acid (0-05N), 100% ; 
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acrylic acid (0-1N), 98°; mesaconic acid (0-05N), 75%; and 
itaconic acid (0-1N), 68-5%. 

During a study of the application of chlorine and bromine water 
to various types of unsaturated organic substances, we have 
examined the effect of concentration upon the interaction between 
bromine water and some of the above olefinic acids and their sodium 
salts. With maleic acid, 89-3% of the reacting bromine was con- 
verted into bromohydrin and hydrobromic acid in a 0-05N-aqueous 
solution, under the conditions adopted; the proportion fell to 
81-:9% in a 0-10N-solution and to 62:°5% in a 0-33N-solution. 
Maleic acid thus behaves very similarly to ethylene and ally] alcohol, 
which appear to be the only unsaturated substances hitherto 
examined over a range of concentrations in this manner (Read 
and Hook, J., 1920, 117, 1214; Read and Hurst, J., 1922, 121, 
989). Sodium maleate, in aqueous solutions of equivalent con- 
centrations, decolorised bromine water with several hundred times 
the rapidity of free maleic acid; at the same time, the proportions 
of bromohydrin were distinctly enhanced, and the graph connecting 
these proportions with the corresponding concentrations became 
practically rectilinear over the range of concentrations examined. 
These results are summarised in the appended table : 


Percentages of Total Bromine reacting to form Bromohydrin and 
Hydrobromic Acid. 


Maleic acid. Sodium maleate. Sodium fumarate. Itaconic acid. 

N. %. N. %- N. %. N. % 
0-0500 89-3 0-0500 95-6 — — 0-0482 96-6 
0-0655 87-5 0-0655 95-0 0-0666 96-9 0-0642 96-0 
0-1000 81-9 0-1000 92-5 0-1000 95-0 0-0962 94-9 
0:1667 74:3 0-1667 87-5 0-2000 89-3 0-1923 89-8 
0°3334 62°5 0°3334 75-6 — — 0-2748 86:3 


Interaction between fumaric acid and bromine water was exceed- 
ingly slow in the experiments undertaken; sodium fumarate, how- 
ever, brought about decolorisation with approximately half the 
speed of sodium maleate, and furnished proportions of bromo- 
hydrin slightly higher than those afforded by the latter salt (com- 
pare Lossen, Annalen, 1906, 348, 261). Free itaconic acid gave 
closely similar results, the conversion into bromohydrin being much 
more complete than in Biilmann’s experiments. Coumarin under- 
went bromination in the benzene nucleus when treated with bromine 
water, thus resembling methyleoumaric and methylcoumarinic acids 
(Read and Andrews, loc. cit.). 

Oleic acid reacted also with bromine water, but in this instance 
only 51-5% of the bromine was effective in forming bromohydrin 
at the ordinary temperature, in an approximately decinormal 
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mixture containing some potassium bromide. It was formerly 
considered essential to conduct the addition of hypochlorous and 
hypobromous acids to unsaturated compounds in the absence of 
bright light and at a low temperature; but it has been demon- 
strated that direct sunlight exerts no apparent influence in the 
ormation of halogenohydrins, according to the methods described, 
fom cinnamic, methylcoumaric, and methylcoumarinic acids (loc. 
tit.), and in the case of ethylene it promotes the reaction (J., 1920, 
117, 1221). An interesting result illustrating the effect of heat was 
observed in the reaction between indene and bromine water, which 
appears to be practically unaffected by raising the temperature 
from 2° to 90° (Read and Hurst, J., 1922, 121, 2550); we now 
show, further, that with oleic acid the yield of bromohydrin obtained 
from fixed weights of the reactants is actually increased when the 
aqueous emulsion is raised from the ordinary temperature to about 
"0°. When treated in succession with alcoholic potassium hydr- 
oxide and dilute sulphuric acid, the crude product from this last 
raction gave a dihydroxystearic acid, m. p. 92—93°. Albitzky 
J. Russ. Phys. Chem. Soc., 1899, 31, 76) prepared two stereoisomeric 
lihydroxystearic acids from the chlorohydrin obtained from either 
deic acid or elaidic acid: these melted at 93—95° and 127—128°, 
wspectively. We were unable to attain the melting point, 99— 
\W°, recorded by Saytzeff (ibid., 1892, 24, 477) and also by Albitzky 
(lu. cit.) for specimens of a dihydroxystearic acid prepared by 
wmewhat different methods. 


EXPERIMENTAL. 


Maleic Acid.—1. An aqueous solution of maleic acid (10 g. in 
250 c.c.) was slowly added at the ordinary temperature to water 
(500 c.c.) into which a current of air charged with bromine vapour 
was introduced through a perforated glass bulb (J., 1920, 117, 359). 
The liquid was stirred continuously, and the conditions were 
udjusted so as to maintain an excess of maleic acid in a distinctly 
yellow solution until no more bromine appeared to be absorbed 
(16 hours). Unchanged bromine was then removed by passing air 
through the liquid. The hydrobromic acid formed in the reaction, 
vhich was determined titrimetrically, corresponded to the conver- 
tion of 26-4% of the maleic acid into bromohydrin; the results 
given below indicate, however, that the solution contained some 
inchanged maleic acid. A crystalline deposit of dibromosuccinic 
aid (2 g., m. p. 255°) separated during the reaction, and a further 
juantity of this substance was obtained upon concentrating the 
iltrate. 

2. In a further series of experiments, maleic acid was dissolved 
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in water, together with a molecular proportion of bromine, to form 
solutions of known concentrations. The mixtures were kept in 
stoppered flasks at the ordinary temperature in diffused daylight 
until the bromine was completely absorbed; the amounts of 
hydrobromic acid produced were then determined in the usual 
way. The proportions of bromine functioning to form bromo. 
hydrin and hydrobromic acid at various concentrations are given 
in the table on p. 746. Dibromosuccinic acid separated from the 
solution only in the first of these experiments. In all instances the 
bulk of the bromine was absorbed within the first 2 days, but 
complete decolorisation of the solutions took about a week. 

Sodium Maleate.—Series (2) above was repeated with the modi. 
fication that in each case the maleic acid was exactly neutralised 
with sodium hydroxide before the bromine was added. The bromine 
was absorbed rapidly, decolorisation being effected within 30 
minutes. 

Sodium Fumarate.—The interaction between fumaric acid and 
bromine water was so slow, even under the conditions adopted 
with success for cinnamic acid (J., 1921, 149, 1776), that attention 
was restricted to examining the effect of the reagent on sodium 
fumarate. The results of a series of experiments, conducted as 
described in the preceding paragraph, are in the table. Complete 
absorption of the bromine occupied from 1 to 2 hours. 

Itaconic Acid—When mixed with a molecular proportion of 
bromine in aqueous solution, itaconic acid reacted much more 
rapidly than maleic acid, complete decolorisation occurring within 
an hour under the conditions adopted. 

Coumarin.—A solution of coumarin (10 g.) in hot 2N-sodium 
hydroxide (100 c.c.) was diluted with water (750 c.c.) and added 
drop by drop to ice-water (900 c.c.) containing a little sulphuric 
acid (2 g.); bromine vapour was simultaneously admitted into the 
liquid in the usual way, with continuous stirring, for a period of 
about 5 hours. The viscid syrup obtained by extracting the 
product with ether gradually deposited small colourless needles 
when kept; after recrystallisation from alcohol, this substance 
melted at 159—160°, and was found to be identical with 5-bromo- 
coumarin prepared from 5-bromosalicylaldehyde by Perkin’s reaction 
(compare Ber., 1900, 33, 2327) (Found: Br, 35-75. Cale. for 
C,H,O0,Br: Br, 35-55%). The main product yielded by the 
coumarin consisted of a viscid liquid with the irritating odour 
characteristic of halogenohydrins, but no further definite substance 
was isolated from it. Owing to the occurrence of nuclear substitu- 
tion, with the formation of hydrobromic acid, the distribution o! 
the bromine could not be ascertained. 
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Oleic Acid.—To 10 g. of oleic acid, emulsified in 250 c.c. of water 
at the ordinary temperature, was gradually added a molecular pro- 
portion of bromine (5-67 g.) dissolved in aqueous potassium bromide 
(10 g. in 75 ¢.c.). The mixture was shaken vigorously throughout 
the addition. The whole of the bromine was absorbed, and a 
determination of the resulting hydrobromic acid showed that 
515% of the halogen had reacted to form this substance and 
bromohydrin. When the operation was repeated at about 90°, 
this proportion rose to 57-5%. The ethereal extract yielded in each 
instance a thick, brown oil, which did not crystallise. 

A portion (7-5 g.) of the product from the second experiment was 
boiled for 2 hours with alcoholic potassium hydroxide (2-5 g. in 
90 c.c.); the bulk of the solvent was distilled off, and the residue 
was heated for an hour on the water-bath with an excess of dilute 
sulphuric acid. The ethereal extract furnished a syrup from which 
glistening leaflets (1-2 g., m. p. 92—93°) gradually separated; these 
appeared to consist of a dihydroxystearic acid (Found: C, 68-0; 
H, 11-1. C,,H,,0, requires C, 68-35; H, 11-4%). 

Related investigations are in progress. 


UnITED COLLEGE OF ST. SALVATOR AND St. LEONARD, 
UNIVERSITY oF St. ANDREWS. [Received, February 6th, 1928.] 


NOTES. 


A New Pipette. By H. Norman Ripyarp. 


Tis pipette combines the essential principle of that of Jakowkin 
(Z. physikal. Chem., 1899, 29, 626) with some features of the pykno- 
meter, and was designed for the accurate delivery of small volumes 
of bromine—benzene solutions. 


Fia. 1. 


A D 
4 


A gently tapering bulb, A, is joined at the lower end to a stem 
of capillary tubing (1—1} mm.), B, which is drawn out at the 
lower end to a jet, C, of very fine bore. The upper end of A merges 
into a very fine capillary, D, which bends and expands, as shown, 
into the small bulb Z, contracts into the capillary F, slightly wider 
than D, and finally enters the bulb G (2 cm. diam.). The portion 


from the junction with B to the end of H is drawn in one piece 
co 


NOTES. 


from glass tubing wider than A, as joins impede draining. . The 
external diameter of D, 2, F, should be over 8 mm. to reduce risk 
of breakage. The optimum sizes of the capillaries at C and D 
vary with the viscosity of the liquid to be used. The upper 
portion of the pipette may be a straight tube, or of the form K, L, 
M, which can be packed with glass wool and soda-lime, etc. 

The pipette is filled by suction, facilitated by a piece of rubber 
tubing, H being closed by a finger. When G@ is half full, thus 
receiving all liquid which may have changed in concentration, the 
pipette is turned with H downward, liquid in G blown out, and 
the level of liquid adjusted to the middle of D by applying filter- 
paper to C. The contents may then be blown out. 

Two pipettes (1-7 c.c., 2-3 ¢.c.) were examined by weighing seven 
deliveries. Errors did not exceed -++ 0-02% with water, or + 0-1%, 
with benzene. The pipettes delivered 0-1—0-2% more benzene 
than water under similar conditions. 


The author's thanks are due to Professor A. J. Allmand for his 
guidance and continual encouragement during the work in the 
course of which this pipette was developed.—UNIVERSITY OF 
Lonpon, Kinea’s Cottecr. [Received, January 20th, 1928.] 


A Reaction of Caryophyllene. By Davin 'T. Gipson. 


THE fact that Deussen (J. pr. Chem., 1927, 117, 282) has just 
published the results of an investigation on the extension of Buchner’s 
reaction (Ber., 1913, 46, 2680) to caryophyllene makes it desirable 
to describe a reaction of that sesquiterpene which was discovered 
in the course of a similar study, and was to have been included in 
a subsequent publication. 

When a solution of diazoacetic ester in caryophyllene (b. p. 
124°/12 mm., nj" 1-5012) is gradually added to an excess of caryo- 
phyllene at 180—200° in presence of finely divided copper, a cyclo- 
propane ester (compare Deussen, loc. cit.), b. p. 130—160°/2 mm., 
can easily be separated from the excess of the hydrocarbon. This 
ester is not derived from a casual impurity, for the recovered 
caryophyllene continues to give as good a yield on repeated treat- 
ment. The ester is hydrolysed by 10% alcoholic potash, the 
alcohol and any uncombined oil are distilled in steam, and the 
potassium salt decomposed with acid. The crude cyclopropane 
acid may readily be crystallised from ligroin, benzene, or acetic acid; 
it has m. p. 165°, and [«];4g, — 40° in alcohol (c = 1) (Found: ©, 
77-4; H, 9-7; equiv., 248; M, in camphor, 268. C,,H,,;*CO,H 
requires C, 77-8; H, 10-0%; M, 262). The acid is stable to bromine 
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‘in chloroform, and is only very slowly attacked by boiling acid 
permanganate. The mother-liquor from its crystallisation contains 
a resinous acid, which is the sole product when more concentrated 
alkali is used in the hydrolysis. 

This test was applied to the fraction of supa oil which Henderson, 
M’Nab, and Robertson (J., 1926, 3077) had shown to consist largely 
of copene. Ethyl diazoacetate (20 g.) in supa oil (120 c.c.) was 
added drop by drop to supa oil (80 c.c.) at 165° in presence of 
copper. 165 C.c. of supa oil were recovered unchanged, and after 
the usual treatment, 1-5 g. of the pure cyclopropane acid isolated ; 
m. p. 165°, unaltered by admixture with a specimen prepared 
from caryophyllene. The presence of caryophyllene in that sample 
of supa oil was confirmed, though much less readily, by the prepar- 
ation from it of Wallach’s caryophyllene alcohol, m. p. 94°. No 
analogous acid was obtained from either cadinene or cedrene.— 
THe UNIVERSITY, GLascow. [Received, February 4th, 1928.] 


CIIl.—The Burning of Carbon Disulphide. Part II. 
The Velocity of the Uniform Movement of Flame 
in Carbon Disulphide-Second Combustible—Air 
Mixtures. 


By ALBERT GREVILLE WHITE. 


In previous communications (J., 1922, 121, 2561; 1927, 793) the 
author has shown that near the limits for the propagation of flame 
the burning of carbon disulphide is markedly hindered by the 
presence of any one of a large number of other combustibles, and has 
suggested that the limit combustion of carbon disulphide is catalysed, 
probably by some product of its combustion. The abnormal 
behaviour exhibited by the disulphide is now shown to extend 
throughout the whole range of inflammable carbon disulphide-air 
mixtures. 

The experimental method employed was to determine the velocity 
of the uniform movement of flame that often occurs when a quiescent 
inflammable gas-air mixture is ignited at the open end of a long, 
horizontal, uniform, cylindrical tube closed at the other end. This 
glass tube was 2-5 cm. in internal diameter and generally 3-9 m. 
long, but for certain determinations shorter tubes were used. The 
purification of the materials and the method of making up the gas 
mixtures have been described in former communications. The 
mixtures were made up in separate vessels, and always contained 
approximately 1-0°%, of water vapour. ‘The firing tube was filled 
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by displacement, the amount of gas used being always at least 6 times 
the volume of the tube. Ignition was by means of a gas flame of 
standard size at a flanged joint from which a cap was gently removed 
immediately before ignition. The actual flame-speed determination 
was carried out by a novel photographic method which will be fully 
described in connexion with the work for which it was evolved. In 
this the firing tube was traversed by an approximately parallel 
beam of light falling on a photographic plate or film moving at a 
known speed. The interception of light by the moving flame was 
shown on the photographic record by a line of which the inclination 
to the vertical gave a measure of the speed of the flame. A falling- 
plate camera made by the Cambridge Instrument Co. was used for 
most of the work. A powerful source of light was essential for the 
more actinic flames, particularly those containing about 8% of 
carbon disulphide in air: a 500-c. p. Pointolite lamp was found to 
be quite suitable. The type of record obtained is shown in Fig. 1. 

For most of the mixtures examined duplicate experiments gave 
results agreeing to about 1%. Mixtures containing from 7 to 12%, 
of the disulphide in air, however, occasionally gave flame speeds 20%, 
or even more below the values normally obtained, whilst high values 
were also encountered on rare occasions. For these mixtures the 
results given are not the mean of all those obtained, but the values 
around which most of the results appeared to be grouped. One 
record indicated that the speed of an 8% mixtureof carbon disulphide 
in air had changed while being photographed, and suddenly dropped 
to about 80% of its original value. An occasional mixture exhibited 
no real uniformity of flame movement at all, although, so far as was 
known, no change had been made in the experimental conditions. 
Instances of this were infrequent, but when they occurred it could 
often be observed that the flame was subdividing, so that one portion 
remained behind or even went backwards on occasion. All per- 
centage figures given refer to % by vol. : 


Carbon Disulphide-Air Miztures. 


The speeds of flame normally given by carbon disulphide-air 
mixtures are shown in Table I and, for mixtures containing up to 
20%, of the disulphide, in Fig. 2. The maximum speed of flame 
observed was greater than that given by hydrocarbons of the 
paraffin series, but considerably below that given by acetylene or 
hydrogen. The maximum flame speed is given by a mixture 
containing approximately 8° of carbon disulphide, whereas the 
mixture for perfect combustion contains nearly 65%. In its 
general form the curve shown in Fig. 2 is similar to that given by 
another endothermic compound, viz., acetylene. It was not con- 


Photographic record for 4°5°%, CS, in air. 


[To face p. 752.) 
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tinued to the upper limit owing to the fact that a mixture saturated 
with the disulphide at the laboratory temperature still propagated 


flame. 
Fig. 2. 


100 


50 


Flame speed in cm. |sec. 


0 5 
Combustible in mixture used, %. 
Flame speeds for various gas—air mixtures. 


* and —@—®—®@— Carbon disulphide. 
x+x—x— Light petroleum. 
6-6-G-O 3C8, + 1 light petroleum (determined) 
--0---0-- 3CS, +- 1 light petroleum (calculated). 


Whilst examining mixtures near the lower limit it was discovered 
that certain mixtures could propagate flame with either one or other 
of two widely differing speeds. It has been shown by.Bone (Proc. 
Roy. Soc., 1927, A, 114, 402) that one gas mixture may give speeds 
of uniform movement of flame differing by as much as 50% in 
consecutive experiments, and somewhat similar results have been 
obtained in this work by using carbon disulphide mixtures of fastest 
speed of flame. In those experiments, however, no means was found 
of controlling the speed to be given by any mixture. In the experi- 
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TABLE I. 


Speed of uniform movement of flame in carbon disulphide-air 
mixtures in 2-5 em. tubes. Original temperature of mixture 


17° + 4°, 

% CS, in Flame speed % CS, in Flame speed % CS, in Flame speed 
mixture. (cm./sec.). mixture. (em./sec.). mixture. (cm./sec.). 
2-00 18-1 5-50 87-0 14-0 74:9 
2-10 19-2 6-00 97-8 15-0 68-6 
2°15 20-0 6-50 110 17-0 58-1 
2-20 21-0 (4-0) 7-00 117 18-0 54-0 
2-30 21-8 (7:4) 7-50 121 20-0 45-6 
2-50 24-8 8-00 123 25-0 34-5 
3-00 32-4 8-50 121 26-0 32-7 
3°50 40-6 10-0 107 30-0 27-2 
4-00 §2-1 11-0 98-2 35-0 23-5 
4:50 63-5 13-0 82-4 40-0 21-6 

5-00 74:9 13-5 79-1 


The figures in brackets show the speed of a different type of combustion 
in the same mixture. 


Fie. 3. 


c—————_ 


Normal flame. 


0 — 


Slow (cool) flame. 
The two flame types shown by certain carbon disulphide-air mixtures, 


ments now being considered, the speed always corresponded fairly 
closely to one of two values, and the flame could be made to travel 
with the higher or lower speed at will by varying the means of 
ignition. Given powerful ignition, the speed of flame was that 
shown by the full curve in Fig. 2, but with weak ignition the values 
shown by asterisks were obtained. For a 2-20%, mixture one of the 
speeds is more than 5 times the value of the other. The two flames 
differed considerably in appearance, as indicated in Fig. 3. The 
phenomenon could only be observed with a very limited range of 


ion 
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mixtures, for with a disulphide content below 2-20° the low-speed 
flame could not propagate, whilst from 2:35°%, upwards it appeared 
to be unstable, changing more or less rapidly into the form giving a 
higher speed, and at the same time increasing in velocity. The 
low-velocity flame only occupied a part of the cross-section of the 
tube, and only burnt a relatively small quantity of the gas mixture. 
These observations indicate that the passage of a flame through a 
gas may not be the invariable process it is sometimes assumed to 
be, and add another to the list of examples of gas mixtures in which 
the value of the limit obtained depends upon the type of ignition 
utilised. Another curious observation was made with a mixture 
containing approximately 43% of the disulphide—in this case the 
flame travelled along the top of the tube towards the closed end and 
then returned to the open end as a slower flame filling the whole tube. 


Carbon Disulphide—Second Combustible—Air Mixtures. 


The effect of other combustibles on the burning of carbon disul- 
phide was originally tested by determining the speed of flame in a 
mixture containing 45% of carbon disulphide in air of which a 
portion was progressively replaced by various combustibles. The 
speeds of flame obtained in these circumstances are shown in Table 
II and in Fig. 4. These at once show that the abnormal burning 
of the disulphide is not confined to mixtures near the limit, since for 
the four combustibles tested the speed curves fall below that for 
added disulphide, whilst for three out of the four a portion of the 
curve falls below the speed of the original disulphide mixture. 


TABLE II. 


Showing the effect of replacing some of the air in a mixture 
containing 4-5% of carbon disulphide in air by various other com- 
bustibles. All mixtures contain sufficient oxygen for complete 
combustion to CO,, SO,, and water. 


Original temperature of mixtures 17° +- 3°. 


Combustible sub- Flame speed Combustible sub- Flame speed 

stituted for air. (cm. /sec.). stituted for air. (em. /sec.). 
ee ee ee 63-5 PRS rcabtibnmnerseob ars 63-5 
0:25% of methane ... 59-7 0-39% of hydrogen ... 64-4 
050% ,, me AS 58-9 71%, ¥9 bad 65-4 
150% ,, os bea 60-6 1-29% ,, 9 ome 70-5 
293% ,, 6 oe 69-6 190% ,, » aes 79-2 
0-084% of n-pentane 53-7 0°135% of ethyl ether 49-1 
0:23% -. 5; oii 49-6 O-27%: ss is 46-3 
037% | ne 50-4 040% ,, a 47-9 
455% |, 0 551 057% —,, <i 51-4 
078% 5, t 65-5 BOO, git ye i%, 60:8 
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The results in Fig. 4 do not enable us to make a sound com- 
parison of the effect of various other combustibles on the burning 
of the disulphide, for they are affected both by the intrinsic 
speed value of the added combustible and by its oxygen require- 
ments. The first of these factors is generally the more important. 
Its effect can be eliminated by mixing carbon disulphide-air mix- 
tures with those of air and a second combustible having the same 
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Showing the effect of replacing some of the air in a 45% mixture of carbon 
disulphide in air by other combustibles. 


100 


80 


Flame speed in cm. |sec. 


60 


40 sierra e is MR to) 


0 1:0 2-0 30 
Air replaced by second combustible, %. 


speed of flame, both mixtures having either an excess or a deficit 
of oxygen. The results of some of the experiments carried out on 
these lines are in Table ITI, together with the results obtained. by 
mixing gas or vapour-air mixtures containing just sufficient oxygen 
for perfect combustion. 

The results of the first series are shown graphically in Figs. 5 and 6. 
These indicate that for mixtures containing carbon disulphide and 
air: (1) complex mixtures have lower flame speeds than mixtures 


r.),., 
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Showing the speeds of flame in cm. /sec. given by mixtures obtained 
by mixing two primary mixtures A and B in various proportions. 


Original temperature of mixtures 16° + 3°. 


‘A ds 5-2% 45%  4:25% 4:25% 
CS, CS, CS, S. 
B= 43% 90% 386%  3:35% 
C,H; CH, C,H, Et,0 
% A. %B 
100 0 80-3 63-5 57-9 57-7 
95 5 39-3 
92 8 
90 10 70:8 46-4 44-8 33-1 
80 20 30-8 
75 25 64-7 40-2 37-5 30°6 
70 30 
65 35 39°5 
60 40 38-4 
50 50 62-7 42-5 41-0 34-9 
40 60 46-6 43-6 
35 65 
30 70 
25 75 68-4 53:1 49-6 45-3 
20 80 
15 85 571 50-4 
10 90 


0 100 79-8 63-5 58-5 58-1 


14% 164% 19% 236% 
a CS, CS, CS, CS, 
3°25% -10-7% 11-56% 12-17% 
fea. n-C;H,. CH, CH, CH, 


A. % B 

100 0 74:6 61-4 49-8 37:0 
95 5 47-2 
85 15 34-6 
80 20 27°7 
75 25 31-8 35°9 31-9 
70 30 25-0 
69 31 
50 50 28-8 26-3 24-4 21-6 
40 60 29-1 19-7 
35 65 
30 70 no prop. 


25 75 34-4 23-0 20-5 


10 90 58-0 27°5 20-8 no prop. 
5 95 38-5 25-5 20-3 
2:5. 97-5 23°9 
0 100 74:9 61-0 50-1 37-2 


4:25%, 
cs 


2-29, 
n-C 5H. 


57-7 
37-2 


33-0 
30-8 


66-0 


3-5% 
CS, 
7-35% 

CH, 


40-6 


295% 
S 


6-6%, 
CH, 


31-2 
23-5 
19-5 


27-4 no prop. 
18-2 


no prop. 


70-5 


9? 


containing only one combustible; (2) this effect appears to be rather 
more pronounced for. mixtures containing a deficit of oxygen. For 
mixtures containing excess of oxygen the effect is best seen when 
the disulphide—air mixture is in excess, but with deficit of oxygen 
methane-air mixtures give the lowest speeds when the amount of 


added disulphide-air is small. 
co2 


758 WHITE : 


The curves shown for the blending of primary mixtures having 
flame speeds of about 58 cm./sec. are interesting. For mixtures 
containing little but carbon disulphide-air, the pentane curve shows 
lower speeds than that for ethyl ether, whilst the opposite appears 
to be the case when the complex mixture contains less than 75% 
of the disulphide-air. This appears to be due to the fact that, 
whereas pentane hinders the burning of the disulphide more than 
ether under these conditions, the pentane mixture contains an excess 
of oxygen, and the ether mixture is balanced for perfect combustion. 


Fic. 5. 
Flame speeds of mixtures obtained by blending CS,-air mixtures containing 
eacess oxygen with similar mixtures of other combustibles of the same flame speed. 
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Flame speed in em. /sec. 


100 5 50 25 0 
% of carbon disulphide-air mixture in complex mixture. 
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The sensitiveness of carbon disulphide mixtures to oxygen content 
at the lower limit has been emphasised in a previous communication 
(loc. cit.). Experiments still proceeding show that carbon disulphide 
mixtures appear to be abnormally sensitive to the oxygen content 
of the mixture. Thus the replacement of 20%, of the nitrogen in 4 
4-5°%, mixture of the disulphide in air by oxygen caused an increase 
in flame speed very much greater than that caused in a methane-air 
mixture of similar oxygen excess under the same conditions. This 
also explains the relatively small lowering of flame speed caused by 
the acetylene-air mixture, which contains almost twice as much 
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oxygen as is required for complete combustion. The order of effect- 
iveness of the substances here considered in hindering the burning 
of carbon disulphide would appear to be: n-pentane, ethyl ether, 
acetylene, methane. This agrees well enough with the author’s 
list for effectiveness in hindering propagation at the lower limit, but 
disagrees with Dixon’s order for effectiveness in raising the ignition 
temperature of carbon disulphide mixtures, which showed acetylene 
as being far more effective than ethyl ether (Rec. trav. chim., 1925, 
44, 305). This is possibly due to the fact that Dixon dealt largely 
with the preliminary phosphorescent combustion of carbon disulphide, 
a phenomenon far more closely allied to the slow “cool” flames 
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Flame speeds of mixtures obtained by blending CS,-air mixtures having a 
deficit of oxygen with similar mixtures of other combustibles of the same flame 
speed. 


7 


5 


62° 


or 


Flame speed in em. /sec. 


othe a 


25 


% of carbon disulphide-air in complex mixture. 


discussed on p. 754 than to the ordinary burning of carbon disulphide, 
whether at the limit or not. It has been mentioned that these cool 
flames give rise to ordinary flames under certain conditions. It 
appears possible that under limiting temperature conditions the 
slow ignition of carbon disulphide—air or -oxygen mixtures would 
generally take place through this cool flame, in which the reactions 
probably differ considerably from those in the ordinary flame. 


Carbon Disulphide Mixtures and the Law of Flame Speeds. 


Payman and Wheeler have enunciated a generalisation which 
they have called the ‘‘ Law of Flame Speeds,” and have deduced 
from it conclusions which, if true, would be of the greatest import- 
ance. This law states: “ If a complex mixture is made by blending 
a number of mixtures of air with simple combustible gases all of 
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which have the same speed of uniform movement of flame, then this 
complex mixture will also have the same speed of flame provided 
that all the mixtures are of the same type, all containing excess of 
oxygen or all containing excess of inflammable gas ” (Trans. Faraday 
Soc., 1926, 22, 304). It is asserted that, by a slight extension of 
this, all flame speeds in complex mixtures may be calculated from 
those in mixtures containing only single combustible gases. Le 
Chatelier’s rule for limit mixtures is stated to be a special case of 
this law (loc. cit., p. 322), and it is also stated that examination of 
the exceptions to the Le Chatelier formula shows that the limiting 
speed of one of the inflammable gases is abnormally low. This does 
not appear to be necessarily so, for the limiting speed for carbon 
disulphide in air at the lower limit is seen to be the fairly normal 
value of 18-1 cm./sec., a figure identical with that quoted by Pay- 
man for ethane (J., 1919, 115, 1444); yet in papers previously cited 
it has been shown that, although carbon disulphide was tested with 
15 different combustibles, in no single instance did the mixtures 
follow Le Chatelier’s rule. On the other hand, Payman and 
Wheeler (ibid., p. 39) give the lower limiting speeds for hydrogen 
and methane in 9 mm. tubes as 8-3 and 32-6 cm. /sec. respectively, and 
the observed lower limit is quoted as identical with that calculated. 
It thus appears likely that it is not the limiting speed, but the type 
of combustion occurring at the limit that determines whether a 
given pair of mixtures obeys Le Chatelier’s rule or not. 

Bone (loc. cit., p. 420) has criticised some of the experimental 
work on which the law of speeds is based, and states, with reference 
to his own experimental work: “In none of the series have the 
requirements of the supposed ‘law’ been fulfilled... .” He 
concludes that Payman and Wheeler’s generalisation is not generally 
applicable to gaseous explosions. 

The results in Figs. 5 and 6 form an excellent test of the applic- 
ability of the law to combustible-air mixtures containing carbon 
disulphide. Had the law held, all the curves shown there would 
have consisted of straight lines joining the speed values for the 
primary gas mixtures. The speeds of the complex mixtures are 
seen to be often less than one-half of their calculated values, and by 
blending primary mixtures of flame speeds less than about 40 cm./ 
sec. it is generally possible to obtain mixtures that cannot propagate 
flame. The perfect combustion mixtures (last two mixtures of 
Table III) also give results at variance with speed-law predictions. 
A final test of the utility of the speed law in connexion with carbon 
disulphide was made when a complete speed—percentage composition 
curve was determined for air mixtures containing 3 vols. of carbon 
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disulphide to one of light petroleum as combustible. The results are 
in Table IV (where L.P. denotes light petroleum) together with 
similar determinations for light petroleum-—air. The results cal- 
culated from the light petroleum—air and carbon disulphide-air 
results by speed-law methods are also given for comparison with 
those interpolated from the experimental speed—percentage curve. 
The calculated results are seen to be very different from the experi- 
mental values—the error is often over 100°,—and an examination 
of Fig. 2, where the values are plotted for comparison with those of 
carbon disulphide, shows that the speed law is not applicable to 
carbon disulphide-air mixtures. As stated by the author (Nature, 
1927, 119, 51), the law of speeds must break down when one of the 
combustibles in a complex mixture interferes with the burning of 
another. Such interference is certainly partly responsible for the 
failure of the law of speeds in the case of carbon disulphide. 


TABLE IV. 


Showing the flame speeds in cm./sec. in mixtures of air with 
(a) light petroleum (L.P.) and with (6) a combustible consisting of 
1 vol. of light petroleum to 3 vols. of carbon disulphide (gaseous) ; 
also (c) the speed-law results for the second series compared with 


interpolated values. 


Original temperature of mixtures, 15° + 2°. 


(a) (b) (c) 
Flame Flame speed, 
% of speed a 
Flame 3CS8, (deter- 3CS, inter- _—cale. from 
speed, +11L.P. mined). +1L.P. polated. speed law. 
15°8 27-1 
27-1 50-0 
33°0 74-8 
36-1 89-3 
103 
74:5 
51-8 
32-7 
25-8 
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The light petroleum curve in Fig. 2 brings out a defect in the 
enunciation of the law of speeds. The position of the mixture for 
perfect combustion (containing 2-32° of the combustible) lies on 
the straight portion of the curve to the origin side of the maximum, 
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By blending two mixtures of equal speed, both deficient in oxygen 
but corresponding to two points one on each side of the maximum, 
in any proportion whatsoever, the resulting mixture must show a 
higher flame speed. In the case of light petroleum, this increase 
may amount to 20% of the value of the speed of the primary mix- 
tures. Again, when one of these primary mixtures is blended with 
an oxygen-deficient mixture of the same speed containing another 
combustible, the speed of the blended mixture will evidently depend 
on which of the two available light petroleum mixtures has been 
used. 

It has previously been shown that at the lower limit, in particular, 
the effect caused by adding a second combustible to carbon disul- 
phide reached a maximum, after which the vapour behaved quite 
normally and gave results corresponding closely to those expected 
from its calorific value. A similar effect can be traced when other 
combustible—air mixtures are added progressively to those of carbon 
disulphide. For example (considering the 58 cm./sec.-mixture 
curves in Fig. 5), the first effect of the added mixture is to cause a 
pronounced fall in speed, but this effect decreases as more of the 
second mixture is added, and ultimately gives place to a steady rise 
to the speed value of the second mixture. The straight portion on 
the right of the curve becomes less pronounced for mixtures of higher 
speeds and could hardly be distinguished for the perfect combustion 
mixtures. Itisshown clearly by only one of the curves for mixtures 
deficient in oxygen. Its presence in those for medium speed mixtures 
having an oxygen excess, however, indicates that the second com- 
bustible has practically attained a steady maximum effect in 
hindering the burning of the disulphide, and the slope of the line 
indicates that the disulphide mixtures are behaving as if they 
possessed a far lower flame speed than that experimentally deter- 
mined for them. A rough idea of the effective speed of these 
mixtures in the presence of an excess of another combustible can 
probably be obtained by producing the sloping straight line to cut 
the 100° carbon disulphide mixture axis. When this is done, it 
seems that in the presence of excess of methane mixture having the 
same flame speed, the disulphide mixture, having a flame speed of 
63-5 cm./sec. when burning alone, behaves as if its flame speed were 
about 21 em./sec., whereas under similar conditions, one having 4 
speed of 40-6 cm./sec. behaves as if its flame speed were zero. These 
figures, however, can have little absolute significance, for what may 
be termed the effective speed in complex mixtures of the 58 cm./sec. 
carbon disulphide—air mixture seems to vary from about 7 to about 
21 em./sec., depending upon whether the inhibiting combustible is 
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ethyl ether or acetylene. This difference is almost certainly due to the 
great difference in oxygen content between the two mixtures of these 
combustibles used. The abnormal sensitiveness of the speed of 
flame in carbon disulphide mixtures to changes in their oxygen 
content supplies a second cogent reason for the non-applicability of 
the speed law to mixtures containing carbon disulphide, and the fact 
that certain mixtures propagate stable flames at uniform, but 
widely different, speeds rather tends to discount any law based on 
flame speeds alone. 

The results obtained make it fairly certain that the burning of 
carbon disulphide in air is catalysed, probably by some product of 
its combustion, and that this catalysis is inhibited by the presence 
of material quantities of any one of a large number of other com- 
bustibles. It is hoped to extend this work to detonation pheno- 
mena in carbon disulphide mixtures. 


Summary. 


(1) Flame-speed determinations under uniform movement con- 
ditions have been made for carbon disulphide-air and carbon 
disulphide-second combustible-air mixtures. 

(2) Certain carbon disulphide-air mixtures have two widely 
differing flame speeds producible at will by varying the conditions 
of ignition. These two types of flame, cool and ordinary, give 
different lower limits. 

(3) The presence of certain other combustibles hinders the 
burning of carbon disulphide in air throughout its propagation range. 

(4) Flame speeds in dilute carbon disulphide—air mixtures are far 
more sensitive to oxygen content than in similar mixtures of normal 
combustibles. 

(5) The law of flame speeds is not applicable to mixtures contain- 
ing carbon disulphide. 

(6) It is concluded that the normal burning of carbon disulphide 
in air is catalysed. 
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Spectra and Atoms. 


A LECTURE DELIVERED BEFORE THE CHEMICAL SOCIETY ON 
FEBRUARY 23RD, 1928. 


By A. Fowtrr, D.Sc., F.R.S., Yarrow Research Professor of the 
Royal Society. 


One of the chief purposes of present-day spectroscopy is the correl- 
ation of the structure of spectra with the structure of atoms. The 
possibility of such a correlation was clearly in the minds of some of 
the earlier workers in spectroscopy, but nothing véry definite 
emerged until the advent of the Rutherford—Bohr theory nearly 
fifteen years ago. Meanwhile, however, substantial progress had 
been made in disentangling the structure of the spectra them- 
selves. 

The spectra of most of the elements are very complicated—some 
containing thousands of lines—and it was only by reducing them to 
simpler terms that there could be any hope of finding a theoretical 
interpretation. Fortunately, the spectra of a few of the elements 
are relatively simple, and it was the study of these that paved the 
way to the quantum theory of spectra and afterwards to the 
elucidation of the more complex spectra. 

The earlier investigations were primarily directed to the identific- 
ation of regular series of lines which could be represented by simple 
formule. Such a series, as exemplified by the well-known Balmer 
series of hydrogen and the arc spectra of the alkali metals, consists 
of a number of lines of gradually diminishing intensity, and 
diminishing distance apart in passing to shorter wave-lengths, and 
each series approaches a definite limit. Near the limit the lines 
become very closely crowded together, but no series has actually 
been observed to its limit. Rydberg’s original formula represents 
lines of a series with sufficient accuracy for our present purposes, 
namely, 

v= A — Rim + p/. 


Here v represents the wave-numbers of the series lines corre- 
sponding to successive integral values of m; A is the wave-number 
of the limit (m = «); R is the ‘‘ Rydberg constant ” (= 109678 as 
calculated from the hydrogen series); and p is a constant (usually 
a fraction) special to each series and determined, together with A, 
from the observed lines. Each line of a series is thus represented 
by the difference of two terms. 
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Different types of series were early recognised. In the alkali 
spectra, that which includes the strongest lines was called the 
Principal series; the next brightest, consisting of somewhat 
diffuse lines, was called the Diffuse series; and another was 
called the Sharp series in consequence of the frequent occurrence 
of sharply-defined lines in series of this type. Other types of 
series were afterwards recognised, only one of which, however 
—the badly-named Fundamental series—has received a special 
designation. 

The work of Rydberg showed that the various series in the same 
spectrum were closely related to one another, and this naturally 
brought about a considerable simplification in the mode of repre- 
senting them. For example, the limiting term A in the formula 
for a given series is also a term of one of the associated series. The 
word “‘ term ’’ has thus come to have a special meaning in spectro- 
scopy, representing something quite different from the spectrum 
lines themselves. The wave-number of a spectrum line always 
appears as the difference of two ferms, and in attempting to analyse 
the structure of a spectrum we are really trying to find out the 
spectroscopic terms from which it is built up. 

The consideration of these matters is greatly facilitated by the 
use of an abbreviated notation. The initial letters of the names 
previously assigned to the actual series are now universally adopted 
for the respective sequences of terms. If the first member of each 
term sequence be denoted by 1, we have 


Principal series = 1S — mP 


Sharp » =1P—mS 
Diffuse » =1P—mD 
Fundamental ,, = 1D — mF 
FG » = LF — m4, ete. 


It is to be understood that 1S, for example, means the first term of 
the S sequence, whereas mS represents a regular sequence of terms 
(1S, 2S . . .), and that a sequence of terms in combination with the 
first term of another sequence gives rise to one of the main series 
of lines. 

Ritz was the first to recognise clearly, as expressed in the 
“Combination Principle,” that other terms besides the first of 
& sequence might combine with terms from other sequences to 
produce spectrum lines; as, for example, 2S — mP. The possible 
combinations, however, are not so numerous as Ritz appears to 
have thought; they are restricted by certain selection rules, which 
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will be stated more fully a little later. Meanwhile, it will suffice 
to remark that if the term sequences are written in the order 
S, P, D, F .. ., the combinations which ordinarily occur in the 
simpler spectra are only those between terms indicated by adjacent 
letters. 

It should be further observed that in some spectra all terms other 
than those of S type have two values (in most cases not very 
different), giving series consisting of doublets, as in the well-known 
spectrum of sodium. In other spectra, all terms except S have 
three values, giving rise to triplets. A combination of two doublet 
terms, however, does not give four lines, as might have been expected, 
but only three; and, similarly, a combination of two triplet terms 
yields only six of the nine lines which are arithmetically possible. 
Clearly, another selection principle comes into operation, and for 
its application it is necessary to distinguish the components of 
each multiple term by what are now called “inner quantum ” 
numbers. 

These early investigations showed, among other things, that the 
spectra of the alkali metals were all of similar character, but differed 
in the fact that corresponding lines were mostly displaced. to longer 
wave-lengths with increase of atomic weight, and that the doublet 
separations increased roughly as the squares of the atomic weights. 
All elements of the second group were similarly found to exhibit 
singlet and triplet series, and here also the triplet separations were 
found to vary approximately as the squares of the atomic weights. 
In the third group the elements of the aluminium sub-group were 
found to be characterised by doublets. 

The spectra of rather more than 20 elements had been wholly or 
partly resolved into series before the year 1913, when Bohr’s theory 
came to illuminate the subject of spectral structure by its inter- 
pretation of spectroscopic terms as energy levels of the atom. On 
this theory, an excited atom can exist temporarily in certain 
‘“ stationary’ or non-radiating states, each of a definite energy 
value, and not in any intermediate state, the possible states being 
governed by quantum considerations. A spectrum line is to be 
regarded as representing the energy lost by an atom when it passes 
from one state of a certain energy to another of lesser energy. In 
its normal unexcited state, the atom is in the state of lowest energy, 
but it may pass to states of greater energy by the absorption of 
radiation or by collisions of certain types. 

In terms of electron orbits, the spectrum of a neutral atom is 
supposed to be generated, one line at a time, by the migrations of 
the most loosely bound electron between the different orbits per- 
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mitted by quantum conditions, and the whole spectrum is the 
integration of the multitude of transitions going on in different 
atoms at the same time. This theory, I need scarcely remind you, 
accounted quantitatively for the spectrum of hydrogen and that 
of ionised helium, and in a general way for the series spectra of other 
elements.* 

The energy representative of an orbit is, in the first place, depend- 
ent upon its size, and, in the simplest consideration, is the same 
whether the orbit be a circle or an ellipse having a major axis equal 
to the diameter of the circle. It was shown by Sommerfeld, how- 
ever, that in consequence of the varying velocity of an electron in 
an elliptic orbit, and the consequent relativistic variation of its 
mass, the energies of orbits of different eccentricities, though having 
the same major axes, must be slightly different. It was in this way 
that he predicted the “fine structure ”’ of the lines of the Balmer 
series of hydrogen. In more complex atoms, the migrating electron 
is subjected to a perturbing action arising from the presence of 
additional electrons, but here the effect is much greater than that 
due to relativity considerations, and gives rise to the separate 
series. 

It thus became necessary to use two quantum numbers to define 
an electron orbit. They are written in the form ,, where n is 
called the principal quantum number and k the azimuthal quantum 
number. In a rough approximation, » determines the major axis 
and k the minor axis of the ellipse, both being restricted to definite 
integral values. 

In the earlier days of the theory it was supposed that only a 
single electron was involved in the production of the spectrum, and 
that the type of a spectroscopic term corresponded to the k value 
of the electron orbit in accordance with the scheme : 


For example, if the largest spectroscopic term, or ‘“‘ ground term,” 
in a spectrum was found to be of P type, it was supposed that the 
electron last added in the formation of the atom occupied an orbit 
for which k = 2. Or if the atom was excited, and the series electron 
occupied a 3, orbit, the corresponding term would be 3P. It will 
be noted that the selection rule previously mentioned is equivalent 


* The orbital picture of atomic structure is adopted for convenience of 
description, but it should be understood that this may not represent the 
final interpretation. 
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to stating that an electron can only change from one orbit to 
another for which k differs by + 1. All this was in entire agreement 
with the spectroscopic data then available. 

From the spectroscopic data, considering also the general chemical 
and physical properties of the elements, Bohr built up his well- 
known table (1922) showing the probable distribution of the elec. 
trons in , groups in the atoms of a considerable number of elements. 
These ideas of Bohr have been modified in certain details, and 
remarkably extended in recent years, so that it has become possible 
to specify with certainty the electron arrangements for the great 
majority of the elements and the most probable arrangement for 
the remainder. These developments have been made possible by 
advances in the analysis of complex spectra and in the general 
theory. 

The key to the structure of the more complex spectra was 
furnished, in 1922, by Catalan, who was then working in my labor- 
atory at the Imperial College. Up to that time the search for 
regularities in spectra had been mainly guided by the idea of 
extended regular series of lines, and definite results had only been 
obtained for about one-quarter of the chemical elements. Singlet, 
doublet, and triplet terms were all that were then known, but in 
his work on manganese and a few other elements, Catalan discovered 
complex groups of related lines which involved terms of higher 
multiplicities. Sommerfeld soon afterwards showed how the scheme 
of inner quantum numbers which he had devised for the simpler 
terms could be extended to the new multiplicities, and the identific- 
ation of what Catalan had called ‘‘ multiplets ’’ in numerous spectra 
rapidly followed. Strictly speaking, of course, the name multiplet 
is applicable to all combinations of spectroscopic terms other than 
those of a singlet system. 

Many spectra which had previously defied analysis have thus been 
found to be built up chiefly of complicated multiplets, each of which 
can be represented by taking differences between two multiple 
terms, subject to appropriate selection rules. The same multiple 
term may be involved in several multiplets, but Rydberg sequences 
extending to more than two or three consecutive terms are | 
infrequent. 

The discovery of higher multiplicities has necessitated considerable 
extension of the notation for spectroscopic terms. The term types 
being represented by their original symbols, the multiplicity (r) of 
the system to which a term belongs is indicated by a numerical 
superscript on the left of the symbol, and the inner quantum number 
by a subscript on the right; as 3P,, 5F,, and so on. A term itself 
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is distinguished from others of the same type in various ways, and 
there is, as yet, no general agreement on this point. Examples 
will appear in due course. 

The inner quantum numbers (j), which play so large a part in 


determining the permissible combinations, are indicated in the 
following table : 


Inner Quantum Numbers (j). 


S Odd Multiplicities. 
8 Singlet Triplet Quintet Septet 
l! Terms J. r= 1. r= 3. r= 6. r= 7, 
S S 0 0 1 2 3 
P 1 1 012 123 234 
D 2 2 123 01234 12345 
& F 3 3 234 12345 0123456 
A G 4 4 345 23456 1234567 
I 
s Even Multiplicities. 
Doublet Quartet Sextet Octet 
Terms JL. f = 2. f = ¢; f= 6. ? = 6. 
S 0 1 2 3 4 
P 1 1 2 123 234 345 
D 2 2°3 1234 123465 23456 
F 3 34 2345 123456 1234567 
G 4 45 3456 234567 12345678 


The values here assigned to the inner quantum numbers are not 
only in empirical accordance with the actual spectroscopic observ- 
ations, but now have a theoretical basis. When two multiple 
terms enter into combination to form a multiplet, lines appear only 
when the j values differ by unity or zero; i.e., Aj = +1 or 0; 
also, a transition 0 to 0 is never found. It will readily be seen, 
for example, that a combination of a *D with a *P term will give 
six, and not nine, lines. 

Terms of different multiplicities occur in most spectra, but in a 
given spectrum all the terms are either all odd or all even. Inter- 
system combinations, still subject to the j condition, only occur 
for systems in which Ar= + 2. 

The two multiplets from the arc spectrum of iron which are shown 
in Plate I will illustrate the application of the inner quantum 
selection rule. The first shows a quintet D in combination with a 
quintet F term, and the second a corresponding combination of 
septet terms. The lines selected from the far greater number 


among which they appear are justified by the following schemes of 
wave-number differences : 


Multiplets in the arc spectrum of iron. 
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5 Do. 5D. 5D. 5Ds. 5D2,. 
sy’, 26688°31 89:91 26778°22 184-11 26962-43 
106-77 106-76 
5, 26671-45 184-12 26855:57 288-09 27143-66 
164-88 164-90 
SF, 26690-:69 288-07 26978-76 415-91 27394-67 
227-88 227-85 
a 26750°88 415-94 27166-82 
292-29 
SF, 26874-53 
*D,. "Ds. Ds. "Dy. *D,. 
hs 20493-53 
25°55 
7, 20519-08 130-43 20388-65 
62-41 52-34 
1K, 2057149 130-50 20440-:99 198-91 20242-08 
81:55 81-56 
Fh; 20522-54 198-90 20323-64 271-30 20052°34 
114-26 114-26 
FP, 20437-90 271-30 20166°60 347-51 19819-09 
150-80 150-85 
'F, 20317°40 347-46 199#9-94 
195.44 
1K. 20165°38 


Other types of terms, H, J, K . . ., are found in some spectra, 
but the number of components of a term never exceeds the maximum 
indicated by the name of the system to which it belongs. 

One result of great significance arising out of the analysis of these 
complex spectra was that the largest spectroscopic term—repre- 
senting the normal state of the atom in question—was sometimes 
of a type which could not possibly be regarded as showing the k 
value of the last-bound electron. For example, the “ ground term ” 
of titanium (22) is of the type 3, and on the simple theory this 
would require the last electron to be bound in a 4, orbit. This 
would place it far beyond all the other electrons, in an orbit which 
it would be very unlikely to occupy unless in an excited state. 

The original theory, in fact, left other details unexplained, even 
in connexion with atoms which had been considered comparatively 
simple. For instance, in copper there are many lines of the are 
spectrum which are not included in the system of doublets. Again, 
in the alkaline earths there are groups of lines (known to spectro- 
scopists as PP’, DD’, etc., multiplets) which are not included in the 
regular triplet series, although involving some of the ordinary 
triplet terms. 

The next great advance in the theory of spectra arose out of an 
investigation by Russell and Saunders of such groups of lines in 
the arc spectrum of calcium. Some of the new triplet terms involved 
in these groups, which apparently violated the familiar selection 
rule for k, were found to represent greater amounts of energy that 
that necessary to drive a single electron completely out of the 
atomic system. Russell and Saunders were thus forced to the con- 
clusion that in some of the atoms of calcium a second electrot 
was displaced while the first still remained within the system and 
that the emission represented the combined energies due to simul: 
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taneous jumps of both electrons to smaller orbits. The quantum 
numbers which defined the spectroscopic terms could therefore no 
longer be identified with those which specified the orbit of a single 
electron. Consequently, the spectroscopic terms have now to be 
defined by “ group quantum” numbers, representing a kind of 
resultant of the & orbital numbers. These new numbers are mostly 
represented by LZ, which equals 0,1,2... forS,P,D... 

Arising out of this brilliant new idea in the theory of spectra, to 
which important contributions were also made by Pauli and Heisen- 
berg, @ complete scheme has been developed by Hund whereby the 
types of spectroscopic terms corresponding to any specified arrange- 
ment of the electrons in n, orbits can be calculated. Or, conversely, 
the orbital numbers can be indicated when the terms have been 
identified. There is no time to explain how this is done, but I may 
say that the results given by the theory have been abundantly 
confirmed by the recent analyses of many complex spectra. The 
whole theory is based upon the assumption that an atom is so 
constituted that the angular momenta of all its rotary motions can 
only change by unit steps, the unit being h/2x. It gives a physical 
meaning to the inner quantum numbers by identifying them with 
the resultant angular momenta of the entire atom in its various 
possible quantised states. 

The new theory has also an important bearing on the theory of 
the Periodic System in virtue of Pauli’s principle, which forbids 
more than one electron to occupy an orbit having the same four 
quantum numbers now necessary to define the motions completely. 
One of the new quantum numbers involves the orientation of the 
orbit, and the other the orientation of spin of the electron; they 
are called magnetic quantum numbers. 

Pauli’s principle of exclusion at once leads to a modification of 
Bohr’s original distribution of electrons in n; sub-groups, identical 
with that to which Main Smith and Stoner had been led independ- 
ently, chiefly by the consideration of chemical and physical properties 
respectively. In the new scheme, the inner sub-levels have fewer 
electrons and there is a greater concentration in the outer sub-levels 
of each n, group. The spectroscopic theory, however, does not 
give the distribution of electrons in all the X-ray sub-levels, but 
only the arrangement in n, sub-groups. It results from the theory 
that the maximum number in any of these sub-groups is given by 
4k — 2, in agreement with Main Smith and Stoner. There are 
accordingly strong theoretical foundations for the new table of 
electron arrangements. It has not yet been confirmed for every 
element by spectroscopic methods, but this seems to be merely a 
question of time. 
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The way in which the spectroscopic terms are now correlated with 
the electron configurations may be gathered from the relatively 


simple case of magnesium, as shown below. 
and in a number of excited states. The normal state, with two 


The table shows the arrangement of electrons in the neutral atom 
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electrons in 3, orbits, is represented by the singlet term 1S. When 
one of the 3, electrons is excited to a 3, orbit, the corresponding 
terms are 1P and ?P; and soon. It should be remarked here that 
in deducing the terms, all , sub-groups which have their full quotas 
may be disregarded, as their angular momenta cancel out. Further, 
it should be explained that an », configuration may be represented 
by more than one spectroscopic term in consequence of the depend- 
ence of the energy, in part, on the orientation of the orbit and on 
that of spin of the electron. 

In this case, when only one of the outermost electrons is displaced, 
the term types correspond with the k’s of the electrons, as in the 
earlier theory. When two electrons are displaced in the way shown 
in the lower part of the diagram, new terms arise for which the 
types are no longer directly indicated by the k of an electron. The 
type is now related to the quantised vectorial sum of the k values of 
the individual electrons. The selection rules have accordingly to 
be transferred from the terms to the electrons. Combinations 
between terms arising from different configurations can occur only 
when & changes by -+1 for one electron and by -+-2 or 0 for the 
other, it being supposed that not more than two electrons. make 
simultaneous jumps. 

Thus, in magnesium, the terms 3p’1S8, etc., may combine with 
3p1P, 3p°P, but not with 3d1D, 3d°3D; 3d’1P, etc., may combine 
with 3p’1S, etc., or with 3d1D, but not with 3p1P. Combinations 
between terms in the upper part of the table, always subject to 
inner quantum restrictions, give the series which were long ago 
recognised by Rydberg and by Kayser and Runge; and combin- 
ations between the rows of terms in the lower part, or of these with 
selected rows of terms in the upper part, give multiplets of the kind 
discussed by Russell and Saunders. 

It will be interesting to survey the spectra of some of the elements 
in relation to the new table of atomic structures. In general, 
elements in which the incompletely filled n, sub-groups have the 
same number of electrons—the completely occupied sub-groups 
‘“‘ cancelling out ’’—give spectra of similar character. Thus, the 
similarity of the spectra of the alkali metals, all of which consist 
of doublets, arises from the fact that there is only a single electron 
lying outside completed sub-groups. The spectra of Cu, Ag, and 
Au of Group I also include doublet series, but some interesting 
points in connexion with these may be more conveniently con- 
sidered later. 

As will be seen on reference to the table, all elements of Group II 
have two electrons in , orbits, and all the underlying sub-groups 
of orbits, if occupied at all, are completed. We have already seen 
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that the spectra of all these elements are of similar character, 
consisting of singlets and triplets. 

In boron and the aluminium sub-group of elements there is only 
a single m, electron outside closed n, sub-groups, and the spectra 
are again characterised by doublets. Odd and even multiplicities, 
in fact, alternate without exception right across the columns. of 
the periodic table. 

The spectra of the scandium sub-group of Group IIT are of 
exceptional interest, inasmuch as, though showing even multiplicity, 
they are very different from those of the aluminium sub-group in 
other respects. Here, in the normal atom, we observe that all the 
occupied n, sub-groups are completely filled with the exception of 
the m3 orbits. In scandium, the 3, sub-group contains only one 
electron and accordingly gives 2D for the ground term, as compared 
with 2?P in aluminium. The continuity of the electron configur- 
ations for successive atoms is first interrupted at potassium, where 
the 19th electron occupies a 4, in preference to a 3, orbit. That 
this must be so is certainly indicated by the potassium spectrum, 
and it follows that at this stage the last added electron is more 
firmly bound in 4, than in 3,. The same is true when the 20th 
electron also goes into a 4, orbit in the formation of the calcium 
atom. But when the 21st electron is added to form the scandium 
atom, it is most firmly bound in a 3, orbit. 

In compiling his original table, showing this arrangement for 
scandium, Bohr argued from a comparison of the spectrum of 
potassium (K1) with the similar spectrum of ionised calcium 
(Ca+ or Cam), for both of which the spectroscopic terms were 
known. As shown in the appended diagram,* it was clear that as 
the nuclear charge increased, the 3D term was tending to approach 
the 48 term in magnitude, and Bohr inferred that in doubly-ionised 
scandium (Sce++ or Sc m1) the 3D term would be the largest. This 
has lately been verified experimentally by Russell, whose results for 
Ti1v also provide further confirmation. 

This change in the electron structure at Sc is naturally accom- 
panied by a change in the character of the spectrum and in the 
chemical properties of the element, as compared with Al, which 
also has three outer electrons, but arranged differently. 

The filling up of the 3, orbits continues from Se to Ni in the way 
shown in the table, forming the first transition group of elements. 
All their spectra are very complicated, but the main features of 
their structures have been determined and completely verify the 
normal electron arrangements specified for them. 


* As usual in such comparisons, the terms of Ca 1m have been divided by 
4 and those of Se 111 by 9. 
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The second set of transition elements, Y to Pd, is similarly marked 
by the filling up of the 4, sub-group, but the order of filling up, 
which has also been confirmed by the analyses of the spectra, is 
not exactly the same. ‘Thus, whereas Ni (28), marking the end of 
the first set, has eight 3, and two 4, electrons, the end of the second 
set is marked by Pd (46) with ten 4, electrons. The Pd atom thus 


TERM 
VALUES 
35000] +5 


15,000 , 


3D ¥ . ’ 
Kr Ca 11/4 Se 11/9 


has all its occupied sub-groups completely filled, more or less 
resembling a rare gas, and is consequently very stable. The ground 
term of Pd is accordingly a 18 term, whereas that of Ni is a *f 
term. 

The effect of this difference is seen when the next consecutive 
elements are respectively formed by the addition of another electron. 
In the case of Ag (47), which follows Pd, the added electron falls 
into a 5, orbit, and its spectrum is of the simple alkali type, 
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consisting of doublet series; and the simplicity of the spectrum, 
it will be observed, is matched by the simple univalence of silver. 

On the other hand, the are spectrum of Cu (29), which follows Ni, 
gives many lines in addition to those of the alkali type which 
depend on a single electron outside completed »;, groups. In 
consequence of the tendency of Cu to approach the Ni configur- 
ation, @ system of nine 3, and two 4, electrons is nearly as stable 
as one having ten 3, and one 4,. Two electrons are thus liable to 
displacement, and it is in this way that the added complexity of 
the Cu spectrum, as compared with Ag, is accounted for. Pre- 
sumably, this also accounts for the two valencies of copper. 

The general outcome of such investigations, which I cannot 
pursue further for want of time, is to show, not only the beautifully 
systematic character of atom-building, but also that all the main 
features of the spectrum of an atom, however complex, can now be 
theoretically predicted if the electron configurations are known. 
Or, conversely, from a knowledge of the spectroscopic terms the 
corresponding configurations of electrons can be correctly deduced. 

So far, I have dealt chiefly with the spectra of neutral atoms, but 
the spectra of ionised atoms are also of great importance as sup- 
porting the general theory. Bohr’s theory, in the first instance, 
was greatly strengthened by its extension from hydrogen to ionised 
helium, the spectrum of which was already known from my own 
observations, though its origin had previously been misunderstood. 
When one electron has been entirely removed by the exciting 
agency, the helium atom resembles that of hydrogen, except that 
the mass of the nucleus is four times as great and its positive charge 
twice as great. It follows that the lines of ionised helium should 
be given, in a first approximation, by the same formula as that for 
hydrogen, except that the Rydberg constant, R, must be replaced 
by 4R. Actually, a slight difference between R, and Rg, (= 109678 
and 109722, respectively) was fully explained by taking account of 
the difference in mass of the respective nuclei, which does not 
otherwise affect the spectrum. Subsequent investigations showed 
that the value 4R was characteristic of the series lines of singly- 
ionised atoms generally, so that a spectrum arising from such atoms 
could be certainly identified as such if 4R appeared in the formula 
representing its series lines. 

Bohr further foresaw that if an atom has lost two electrons, the 
remainder, or ‘core,’ of the atom must have a double positive 
charge with respect to the migrating electron, and that the series 
lines would be characterised by 9R. If three electrons had been 
removed so that the atom was trebly-ionised, the series constant 
would become 16R; and so on. These expectations were, in the 
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first instance, most completely verified by Paschen’s work on Al m 
and my own work on Sitv, the spectra being produced by the 
action of strong discharges. Here the observational data were 
ample for the calculation of the series constants, and Bohr’s pre- 
dictions were fully established. 

When atoms resemble each other in everything but nuclear 
charge and mass, they are said to be “ iso-electronic,” and the 
relations between their spectra are beautifully simple. They are, 
of course, all of similar type, but corresponding lines are system- 
atically displaced to shorter wave-lengths as the nuclear charge 
increases. The displacements in wave-numbers are, in fact, almost 
linear, in accordance with the “irregular doublet”? law deduced 
by Sommerfeld for X-ray spectra. The separations in the doublets 
also increase systematically with higher atomic number in agree- 
ment with the ‘‘ regular doublet ” law of Sommerfeld. Comparing 
the iso-electronic atoms Nat, Mgu, Alm, Sitrv, the following 
table will illustrate the simple relations in question. 


Na I. Mg 11. Al m1. Si Iv. 


Wave letethe 5,896 2,803 1,863 1,402 
ao Cn L 5,890 2,796 1,855 1,394 


Weenies £16,956 35,669 53,680 71,280 
; —_ (16,973 35,761 53,918 71,740 


Separations 17 92 238 460 


Many spectra have since been investigated, with similar results, 
even among more complex spectra, as shown, for example, by the 
work of Gibbs and White on the displacements and separations of 
corresponding multiplets in the spectra of Sc1, Tim, and V 11. 
Special attention has been given by Millikan and Bowen, and by 
myself, to elements in the first row of the periodic table. All the 
possible states of these atoms are included in the following scheme: 


Atomic no. 
Series aS ERE es = } 
constant. e: De oe 4. 5. 6 7 8 9. 


R H Het Be I Br Cr NI Or Fr 
4R Hen Liu Bu Ci Nu Ou Fu 
OR Liur Bein C 1 Nia Om Fu 
16R Betv Biv Niv Otv F Iv 
25R By Cv N Ov Fv 
36R C vi N vi F vi 
49R Nvua Ovu 
64R Oviur F vir 
81IR l 1x 


Many of these spectra have actually been produced and identified, 
at least in part, even as far as O vi. On account of the extremely 
short wave-lengths of the chief lines of highly-ionised atoms, how- 
ever, the identification of the stage of ionisation which they represent 
cannot often be verified by calculation of the constants of the 


FOWLER: SPECTRA AND ATOMS. 779 


series to which they belong. Their identity has then been deduced 
by Millikan and Bowen from the expected positions and separations 
of the doublets or triplets as predicted by the irregular and regular 
doublet laws, and there can be no doubt that the identifications 
are correct. 

Investigations of ionised atoms are not only of interest as sup- 
porting the general theory of atomic structures. They are of great 
importance in the interpretation of the spectra of the sun and stars, 
which give a great range of surface temperatures. Inthe cooler stars, 
the lines which appear are chiefly those of neutral atoms or com- 
pounds, but at successively higher temperatures these are gradually 
replaced by lines of ionised or multiply-ionised atoms. For instance, 
in what are believed to be the hottest stars, lines of O m1, C m1, and 
Civ have been identified. The knowledge of these spectra which 
has been gained from laboratory experiments has led to important 
deductions with regard to the temperatures and densities in stellar 
atmospheres, through investigations by Saha and by Fowler (R. H.) 
and Milne. 

Another application to an astrophysical problem of great interest 
has recently been made by Bowen. Apart from a few lines of 
hydrogen and helium, the spectra of gaseous nebulz consist of a 
small number of more or less conspicuous lines, which for a 
long time were rather vaguely attributed to an unknown element 
called “‘nebulium.” The advance of atomic physics, however, 
made the existence of such an element extremely improbable, 
and we were driven to the conclusion that the nebular lines 
must be due to a known element, or elements, under conditions not 
yet imitated in laboratory experiments. The most likely source 
seemed to be a highly excited, light element, existing in nebulze 
under conditions of extremely low density; so low that in the small 
quantity of gas available in a laboratory experiment no luminosity 
could be produced. By combining his results with my own, Bowen 
has proved that several of the brighter lines are due to singly- 
ionised oxygen and nitrogen, and doubly-ionised oxygen. The 
structures of these spectra have been very fully investigated, and 
although the counterparts of the nebular lines do not appear in 
the laboratory spectra, their positions can be calculated with great 
accuracy. It is only necessary to suppose that in the nebule 
combinations of terms take place which have been regarded as 
“ forbidden ” by the ordinary selection rules. Taking one example, 
the normal state of the O m1 atom is represented by two 1,, two 2,, 
and two 2, electrons. This configuration gives rise to 3P515, 4D, 
and 1S, terms, of which *P, is the largest and represents the most 
stable state of the atom. The last two terms are regarded as 
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metastable states, so that the electron, having come to occupy a 
corresponding orbit, after excitation, cannot directly pass from 
one to the other, or to the *P state. The relatively small differences 
in energy of these terms, it should be recalled, is to be attributed 
to different arrangements of orientation of orbits and spin within 
the atom, the size and shape of the orbits being the same for all. 
On account of the extremely low density in nebule, it may be 
supposed that the atoms have a long enough time to change from 
1§, to 1D, or from 1D, to *P4, before they are raised to higher states 
by collision or by the absorption of radiation from stars. The 
corresponding differences of wave-number agree precisely with the 
wave-numbers of three important lines in the spectra of the nebulz. 
Similar data and reasoning prove that other nebular lines are due 
to Om and Nu, and the long-standing mystery of the nebular 
spectrum is at last solved. Nebulium no longer menaces our 
conceptions as to the structure of the periodic table of the elements. . 

I am well aware that in this rapid survey I have omitted to 
mention many matters of importance, but I hope I have been able 
to convey some idea of the contributions of spectroscopy to atomic 
theory. 


CIV.—The Action of Cuprous Cyanide on Methyl 
Iodide. 


By ErnaLtp GrorGE JUSTINIAN HARTLEY. 


In a previous paper (J., 1916, 109, 1296) the author showed that 
silver cyanide and methyl iodide combine to give two compounds, 
(AgNC),,MeI and AgNC,Mel, according to the temperature of the 
reaction. 

Similar experiments with methyl iodide and cuprous cyanide 
(for preparation of the latter, see Bassett and Corbet, J., 1924, 
125, 1667) have been carried out with the following results. 

At the boiling point of methyl iodide very little combination 
takes place. When the mixture is heated at 100° in a sealed tube 
for several hours, a substance is formed which has the composition 
(CuNC),,MeI. This is a white, microcrystalline powder which can 
be dried in the air without decomposition, but is unstable, gradually 
losing methyl iodide, when placed under reduced pressure. On 
heating to 100°, the cuprous cyanide is recovered almost unchanged. 

When the substance is treated with a solution of potassium 
cyanide, the cuprous cyanide dissolves as the double salt and the 
methyl iodide separates in oily drops. 

When cuprous cyanide and methyl iodide are heated at 100° mn 
the presence of excess of pure dry acetonitrile, the reaction proceeds 
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differently and a compound, CuNC,Mel, is formed almost quantit- 
atively, which dissolves in the acetonitrile and crystallises from. the 
latter in white needles. After traces of oily matter have been 
washed out with cold acetone, it can be purified by further crystall- 
isations from acetonitrile. It is very sparingly soluble in all other 
ordinary organic solvents (Found for material dried at 100°: Cu, 
28-0; I, 55-0. CuNC,MeI requires Cu, 27-45; I, 54-89%). When 
it is heated with a solution of potassium cyanide, methylearbyl- 
amine is given off freely. The same double salt is obtained when 
cuprous cyanide and methyl iodide are heated to about 135°, but 
tarry products and cuprous iodide are also formed and the yield 
of CuNC,Mel is small. 

Attempts to determine the molecular weight by the elevation of 
boiling point of acetonitrile gave very discordant results, but all 
pointed to a high value corresponding to about 3(CuNC,Mel). 
The stability of this substance as compared with the silver com- 
pounds is therefore probably due to the presence of a tricyanogen 
complex in the molecule. 

On treatment with an aqueous solution of silver sulphate or 
nitrate, silver iodide, silver, and cupric salts are formed. A 
quantitative determination of the amount of silver iodide and 
silver produced showed that the action can be represented by the 
following equation (disregarding the complexity of the molecule) : 
2CuNC,MeI + 2Ag,SO, = 2AgI + 2Ag + CuSO, + Cu(NCMe),SQ,. 
That the last compound is present in the solution, although it has 
not been isolated, seems probable since the liquid is at first almost 
odourless, but on evaporation in a vacuum over a dehydrating agent 
a strong smell of carbylamine develops. When the water has all 
heen driven off, very little of the latter can be found in the crystalline 
residue, which consists almost entirely of copper sulphate, but still 
gives off a small quantity of carbylamine when warmed with 
potassium cyanide solution. 

No means of isolating this cupric methylcarbylamine sulphate or 
the corresponding nitrate has been found. 

In connexion with these experiments it was noticed that cuprous 
cyanide combines with acetonitrile with evolution of heat to form 
a1 unstable compound, CuNC,MeCN. The nitrile is gradually 
given off on exposure to the air. Other insoluble cyanides gave 
similar compounds, ¢.g., silver ferrocyanide, silver ferricyanide, silver 
cobalticyanide, and nickelous cyanide. On the other hand, silver 
cyanide and zine cyanide did not combine with the nitrile. 


OLp CHEMISTRY DEPARTMENT, UNIVERSITY MusEvUM, 
OXFORD. [Received, February 11th, 1928.] 
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CV.—Chloroamines as Halogenating Agents. ILodin- 


ation by a Chloroamine and an Iodide. 


By Aran Epwiy Braprretp, Kennepy JoserH Previtrf& Orroy, 
and Ipris CHEER ROBERTS. 


CHLORINE, bromine chloride, and iodine chloride are respectively 
formed by the reaction between hydrogen chloride, hydrogen bromide 
and hydrogen iodide and a chloroamine, according to the equation 
>NCl + HX = >NH + XClI; and a method of chlorination based 
on the first of these reactions has already been developed (Orton and 
King, J., 1911, 99, 1185; Orton and Bradfield, J., 1927, 986). It 
is now shown that by utilisation of the third reaction (Chattaway, 
J., 1905, 87, 145; Orton and W. J. Jones, P., 1909, 25, 306) the 
preparation of an acetic acid solution of iodine chloride, which has 
long been in use as an iodinating agent, is very greatly facilitated, 
and a method of iodination involving the reaction between dichlor- 
amine-T and hydrogen iodide, or, better, sodium iodide, has been 
applied in the first instance to the preparation of typical iodoanilines, 
some of them not hitherto described. 


EXPERIMENTAL. 


Preparation and Use of the Iodinating Reagent.—The reagent may 
be prepared by slowly adding to an acetic acid solution of dichlor- 
amine-T the calculated amount of hydrogen iodide, also dissolved 
in acetic acid. The first action of hydrogen iodide liberates iodine: 
>NCl + 2HI —> >NH-+ HCl+I1,. The hydrogen chloride 
formed reacts with another molecule of the chloroamine, liberating 
chlorine, which combines with the iodine to give a solution with 
the characteristic orange-yellow colour of iodine chloride. An 
alternative procedure is to add the calculated quantity of hydrogen 
chloride to an acetic acid solution of dichloramine-T, containing in 
solution and suspension the required amount of iodine. It was 
hoped that by employing a small quantity of hydrogen chloride, a 
constant low concentration of iodine chloride could be maintained 
(compare Orton and King, Orton and Bradfield, locc. cit.), the acid 
being re-formed in the substitution by iodine chloride. However, 
chlorine is produced in the system and even in the presence of 4 
considerable excess of iodine, some chlorination occurred. 

Finally, it was found most satisfactory to employ the iodide, not 
as hydrogen iodide, but as the finely powdered sodium salt, which 
is added in small amounts, with shaking, to a solution of dichlor- 
amine-T in glacial acetic acid, little or no liberation of iodine oceuwr- 
It should be noted that the reduction in acidity consequen! § 
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upon the presence of sodium or potassium ions affects favourably 
the rate of iodination of anilines. 

The general method of employment of the solution of iodine 
chloride, prepared as above, is to add it slowly to a solution of the 
aniline in acetic acid. With the simpler anilines, the calculated 
quantity of the reagent is used, and the reaction proceeds at the 
ordinary temperature. With substituted anilines, an excess of the 
reagent and a water-bath temperature are frequently advantageous. 
The iodo-compound is precipitated by dilution. 

The Action of the Reagent on Aniline, 2: 4-Dichloroaniline and 
2-Chloro-4-bromoaniline.—Aniline, with one equivalent of the reagent 
yields p-iodoaniline, with three equivalents, tri-iodoaniline. 2: 4 - 
Dichloro-6-iodoaniline (Kérner and Contardi, Atti R. Accad. Lincei, 
1913, 22, 823; Dains, Vaughan, and Janney, J. Amer. Chem. Soc., 
1918, 40, 930), obtained from 2 : 4-dichloroaniline and two equival- 
ents of the reagent, forms an acetyl derivative,* thick needles, m. p. 
198—199° (Found : X,j 59-7. C,H,ONCI,I requires X, 60-0%). In 
a similar way, 2-chloro-4-bromoaniline yields 2-chloro-4-bromo-6- 
iodoantline as colourless needles, m. p. 95—96° (Found: X, 74-0. 
C,H,NCIBrI requires X, 72-9%). The acetyl derivative forms 
colourless needles, m. p. 213° (Found: X, 64:8. C,H,ONCIBrI 
requires X, 64-8%). No iodination of 2 : 4-dichloroaniline could be 
detected after 60 hours’ heating at 100° with iodine, in the presence 
or absence of sodium acetate. 

Action of the Reagent on Acetanilide—On heating acetanilide for 
15 minutes with two equivalents of the reagent, p-iodoacetanilide is 
produced (yield, 80%). Prolonged heating gives a poor yield of 
di-iodo-derivative. The bromination of p-iodoacetanilide with 
double the calculated quantity of bromine, in 70% acetic acid, for 
20 minutes at 70°, yields 2-bromo-4-iodoacetanilide as rhombs, m. p. 
143° (Found: X, 61-6. C,H,ONBrI requires X, 60-9%). Hydro- 
lysis with 10° aqueous-alcoholic hydrochloric acid, or 10% alcoholic 
sodium hydroxide, gives 2-bromo-4-iodoaniline, which crystallises as 
thick needles, m. p. 75—76° (Found : X, 69-5. C,;H,NBrI requires 
X, 695%). Slight displacement of the iodine occurs during 
hydrolysis. 

2-Chloro-6-bromo-4-iodoaniline is prepared by chlorination of the 
above aniline with dichloramine-T and hydrochloric acid. It 
crystallises from alcohol in fine white needles, m. p. 113—114° 
(Found: X, 71-6. C,H,NCIBrI requires X, 72-9%). The acetyl 


* Prepared by the method of Smith and Orton (J., 1908, 98, 1249), which 
has proved successful with all the s-trisubstituted anilines described in this 
paper. 

Tt In all the analyses given in this paper, X denotes mixed halogens. 
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derivative crystallises from alcohol in fine white needles, m. p. 221° 
(Found: X, 65-1. C,H,ONCIBrI requires X, 648%). The third 
s-chlorobromoiodoaniline, isomeric with the two described in the 
foregoing, was prepared by Korner and Contardi (loc. cit.). 

Action of the Reagent on o-Nitroaniline.—An 80% yield of 4-iodo- 
2-nitroaniline, m. p. 122°, is obtained by heating o-nitroaniline with 
14 equivalents (50% excess) of the reagent for 20—30 minutes. 
Further heating with an additional quantity of the reagent yields 
the 4 : 6-di-iodo-derivative (compare Brenans, Compt. rend., 1902, 
135,177; Bull. Soc. chim., 1902, 27, 963). Chlorination of 4-iodo- 
2-nitroaniline with dichloramine-T and hydrochloric acid gives 
2-chloro-4-iodo-6-nitroaniline as orange needles, m. p. 124° (Found : 
X, 54:7. C,H,O,N,CII requires X, 544%); the acetyl derivative 
forms straw-coloured needles, m. p. 227° (Found: X, 48-2. 
C,H,O,N,CII requires X, 47-7%): and bromination in acetic acid 
in the cold gives 2-bromo-4-iodo-6-nitroaniline as orange needles, 
m. p. 117—118° (Found: X, 60-7. C,H,O,N,BrI requires X, 
60-4%), the acetyl derivative of which forms straw-coloured 
needles, m. p. 222° (Found: X, 540. C,H,O,N,BrI requires 
X, 53-8%). 

Action of the Reagent on 4-Chloro-2-nitro- and 4-Bromo-2-nitro- 
anilines.—One equivalent (4 g.) of 4-chloro-2-nitroaniline, prepared 
by chlorinating o-nitroaniline by the usual chloroamine method, was 
heated for 3 hours on the water-bath with 2 equivalents of the 
reagent. On cooling, 0:85 g. of orange needles separated, m. p. 
136—137°. Gradual dilution gave 1-6 g., m. p. 127°, and 1-2 g., 
m. p. 80—90°, this impure product being purified through the acetyl 
derivative described below. 4-Chloro-2-iodo-6-nitroaniline forms 
orange needles, m. p. 137—138° (Found: X, 54:2. C,H,O,N,CIl 
requires X, 544%), diazotisation of which with amyl nitrite in 
alcoholic solution yielded 3-chloro-5-iodo-1-nitrobenzene, m. p. 70° 
(Kérner and Contardi, loc. cit.). 4-Chloro-2-iodo-6-nitroacetanilide 
crystallises from alcohol in very pale straw-coloured needles, m. p. 
207° (Found: X, 47-1. C,H,O,N,CII requires X, 47-7%). 

The iodination in a similar manner of 4-bromo-2-nitroaniline, 
obtained by bromination of o-nitroaniline in acetic acid, in the 
presence of sodium acetate, gave 4-bromo-2-iodo-6-nitroaniline as 
orange needles, m. p. 146—147° (Found: X, 59-8. C,H,O,N,Brl 
requires X, 604%). The acetyl derivative forms pale yellow 
needles, m. p. 215° (Found: X, 54:0. C,H,O,N,BrI requires X, 
53-89%). Diazotisation of the aniline in ethyl alcohol with amyl 
nitrite gave 3-bromo-5-iodo-1-nitrobenzene, m. p. 97° (K6érner and 
Contardi, loc. cit.). 

The description of the above anilines completes the list of s-tri- 
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substituted anilines in which one of the positions 2 : 4 : 6 is occupied 
by the nitro-group and the other two are filled by chlorine, bromine, 
or iodine atoms. 


UnIvErRsIty CoLLEGE oF NortH WALES, 
BANGOR. [Received, February 11th, 1928.] 


CVI.—On the Chemical Individuality of Humulene. 
By A. Cuaston CHAPMAN. 


In the course of a study of the constituents of the essential oil of 
hops I discovered that this oil contained a considerable proportion 
(usually from one-third to one-half) of a sesquiterpene, to which I 
gave the name humulene. The properties of this hydrocarbon and 
of a number of its derivatives were described (J., 1895, 67, 54, 
780). Struck chiefly by the fact that Wallach had shortly before 
this obtained from caryophyllene a nitrosochloride melting at very 
nearly the same temperature as humulene nitrosochloride, I examined 
the new sesquiterpene very closely in order to ascertain whether it 
might not be an inactive form of caryophyllene. For reasons which 
seemed to me adequate I came very definitely to the conclusion that 
these two sesquiterpenes were not identical. Three years later 
Kremer, Schreiner, and James prepared a number of caryophyllene 
and humulene derivatives, and as a result of a careful comparison 
of these arrived at the same conclusion (Pharm. Arch., 1898, 1, 
209). So far as I am aware, no further work on this subject was 
carried out until 1911, when a paper by Deussen appeared (J. pr. 
(‘hem., 1911, 83, 483) in which he stated that he had identified 
humulene with “ inactive «-caryophyllene.”’ 

In 1907, Deussen and Lewinsohn (Annalen, 356, 1), in continuation 
of some work by Kremer and Schreiner (Pharm. Arch., 1899, 2, 
273), had devoted their attention to a study of certain caryophyllene 
derivatives, and found that by a process of crystallisation some of 
these could be resolved into isomeric substances which they design- 
ated by the prefixes «- and §-, respectively. 

The same authors (ibid., 1908, 359, 245) also stated that caryo- 
phyllene on repeated distillation under reduced pressure yields 
two levorotatory hydrocarbons, one having b. p. 132—134°/16 mm., 
dc” 0-90346, and [a]? — 4-67°, and the other b. p. 128—128-5°/ 
17 mm., d'” 0-91034, and [«]}// — 23-57°. The hydrocarbon of 
lower boiling point yielded 20-8% of a nitrosochloride and over 8% 
of blue nitrosite, whereas the higher-boiling hydrocarbon yielded 
little more than traces of a nitrosochloride or of a nitrosite. They 
concluded that caryophyllene as usually known is a mixture of 
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inactive caryophyllene with a considerable amount of a leevorotatory 
hydrocarbon. 

In that paper the expression “ inactive caryophyllene ” appears 
to have been used for the first time, but in support of the existence 
of such a hydrocarbon no proof is given. In a subsequent paper, 
Deussen (ibid., 1909, 369, 41) assigned a structural formula to the 
so-called -caryophyllene, and in collaboration with Loesche and 
Klemm described a number of derivatives obtained from three 
hydrocarbons, referred to as «-, 8-, and iso-caryophyllene respectively, 
although what the relationship between these was is not very clear. 
Deussen also states (loc. cit., 1911) that it is the “inactive ” caryo- 
phyllene with which humulene was considered to be identical, 
that is to say, the caryophyllene fraction boiling at the higher 
temperature, and this statement appears to have been accepted by 
many chemists and to have passed into the literature. In that 
paper Deussen directed attention to the resemblance between the 
properties of humulene as described by me, and confirmed by other 
observers, and those of the higher, or «-caryophyllene fraction, but 
he gave very little information in regard to the physical constants 
of the so-called “ «-caryophyllene ”’; he again referred to it as being 
inactive, and again without adducing any evidence of its actual 
existence. Certain of the better known derivatives of this hydro- 
carbon were compared with those of humulene, but the results 
were of an indefinite character and certainly were not such as to 
justify the statement that these two hydrocarbons were identical. 
In this connexion it may be pointed out that whereas humulene 
yields a nitrosite with great readiness, no such compound could 
apparently be prepared from the higher caryophyllene fraction, 
and no attempt appears to have been made to prepare the very 
characteristic caryophyllene alcohol. 

In the following year Deussen (Annalen, 1912, 388, 136) claimed 
to have devised a method by which §-caryophyllene could be 
estimated, and by the application of this method reached the con- 
clusion that the hydrocarbon from hop oil which I had described as 
humulene contained 4% of $-caryophyllene. 

In 1914 Deussen in collaboration with Vielitz and Mayer instanced 
a case in which two quite different halogen derivatives of «-caryo- 
phyllene having the same melting point, gave no depression when 
mixed, whereas this property was in the 1911 paper relied upon as 
establishing the identity of humulene and the so-called «-caryo- 
phyllene, and in 1923 Deussen (Z. angew. Chem., 36, 348) recapitul- 
ated some of the results obtained in the comparison of certain 
compounds of humulene with those of «-caryophyllene. 


ON THE CHEMICAL INDIVIDUALITY OF HUMULENE. 787 


EXPERIMENTAL. 


Inasmuch as Deussen and his colleagues have assigned the expres- 
sion a- or inactive caryophyllene to that portion of the crude 
sesquiterpenes boiling at the higher temperature and having the 
lower levorotation, I thought it would be desirable in the first place 
to repeat their experiments. Five lb. of crude caryophyllene, 
representing a batch of 40 lb. prepared by the British Drug Houses 
from clove oil, were submitted to fractional distillation under a 
pressure of about 3 mm. from a long-necked flask with bulbs. 
Boiling commenced at 50°, the temperature rose rapidly to 90°, 
at which the hydrocarbon began to distil in quantity, and then 
slowly to 105°. Between 105° and 125°—at which point the distil- 
lation was stopped—the amount distilling was very small. The 
densities (d3}:) of the various fractions rose gradually from 0-9024 
to 0-9047, and the optical rotations (#3; / = 1) increased more or 
less uniformly from — 7-3° to — 9-3°. The final small fraction 
referred to above (105—125°) had d 0-9138 and « — 11-6°. 

As the result of further fractional distillation the caryophyllene 
was obtained in two main fractions: (1) b. p. 95—97°/3 mm., 
d3;- 0-9028, nZ" 1-4987, [a]p — 8-2°; (2) b. p. 98—102°/3 mm., 
ds; 0-9035, nf” 1-4990, [«]p — 9-3°. 

Continued fractionation failed to effect any further separation 
and it became clear, therefore, that even when working on large 
quantities of the crude hydrocarbon, fractional distillation could 
not be relied upon to effect any further separation than is indicated 
by the above results. This, it will be seen, is very different from the 
experience of Deussen and his colleagues, who stated that there had 
been a separation into two forms of caryophyllene, that one of these, 
namely, that corresponding with the higher boiling range, was nearly 
inactive, and consisted mainly of the so-called «-caryophyllene, and 
further that this was identical with humulene. 

The experiments recorded above show, on the contrary, that with 
rising boiling point the levorotation showed a small but steady 
increase. At no point was any fraction obtained which was inactive, 
or which did not show approximately the steady rise referred to. 

Fractional distillation having failed to effect any satisfactory 
separation so far as this could be judged by reference to the physical 
properties, recourse was had to the preparation of derivatives for 
purposes of comparison. Fraction No. 2 was used in the preparation 
of these derivatives as presumably containing the higher proportion 
of the so-called «-caryophyllene, although there was in reality no 
material difference between the two fractions. The humulene used 
was freshly prepared from 1} lb. of fresh hop oil distilled from 
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green hops, and had the following characteristics : b. p. 99—100°/ 
3 mm., d3: 0-8923, n®” 1-5001, [alo + 1-7°. 

Dihydrochloride. Humulene does not appear to form a solid com- 
pound with hydrogen chloride, whereas caryophyllene readily forms 
the crystalline dihydrochloride. When dry hydrogen chloride was 
passed into the No. 2 caryophyllene fraction an amount of crystalline 
hydrochloride corresponding with at least 80% of ordinary caryo- 
phyllene was obtained. This melted at 69° and had the usual 
properties of the caryophyllene compound. 

Caryophyllene alcohol. A portion of the second fraction, when 
treated by Bertram and Walbaum’s method, gave a large yield of 
the solid alcohol, which was steam-distilled and purified in the usual 
way. Humulene, when treated in the same manner, gave no solid 
product. 

Nitrosite. Both the No. 1 and the No. 2 caryophyllene fraction 
gave substantial yields of the blue nitrosite, which melted, after two 
recrystallisations from cold dilute acetone, at 115°. The corre- 
sponding compound from humulene melted at 114°. The addition 
of the humulene to the caryophyllene compound depressed the 
melting point by about 20°. 

Nitrosate. Caryophyllene nitrosate was prepared by the usual 
method and after several recrystallisations melted at 163°. The 
yield was small. The yield of the corresponding compound from 
humulene was very much larger, but the melting point was the same, 
and there was no depression when this was mixed with the compound 
obtained from crude caryophyllene. 

Nitrosochloride. The caryophyllene fraction gave a very small 
yield of the nitrosochloride as compared with humulene from hop 
oil, the latter giving at least eight timesas much. The melting point 
in each case after recrystallisation was 176° and no depression was 
observed when a mixed melting-point determination was made. 
The conditions adopted for the preparation of the nitrosochloride 
were those under which the $-caryophyllene compound is not 
obtained in crystal form. 

Nitrolbenzylamine. This compound, when prepared from the 
nitrosochloride, was found after a second recrystallisation to melt at 
136°, which is the same temperature as that at which the humulene 
derivative melted. A mixture of the crystals showed no depression 
of melting point. 

Nitrolpiperidide. This compound also was prepared from the 
nitrosochloride and after several recrystallisations melted at 153°. 
The corresponding humulene compound also melts at this temper- 
ature and a mixed melting point showed no depression. 

The above results appear to show that the crude sesquiterpene 
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obtained from clove oil consists substantially of caryophyllene with 
a rotation of about [«]p — 8°, and that this crude hydrocarbon 
contains a small proportion—say 5—10°,—of humulene. 
Working on a very large quantity of crude caryophyllene, I have 
in fact been unable to obtain an inactive form of this hydrocarbon,* 
and it is obvious that the hydrocarbon to which Deussen refers as 
the «- or inactive caryophyllene is neither more nor less than 
humulene. Probably crude caryophyllene is subject to slight 
variations depending on the source from which it has been obtained, 
and other sesquiterpenes than humulene may at times be present. 


I have to offer my best thanks to Messrs. The British Drug Houses, 
Ltd., for having placed at my disposal a large quantity of crude 
caryophyllene, and to Messrs. White, Tomkins, and Courage, Ltd., 
for the higher fractions of some freshly distilled hop oil from which 
a new specimen of humulene was prepared. I have also great 
pleasure in acknowledging the valuable assistance rendered to me 
by Mr. Gerald Bishop, M.Sc., A.I.C. 
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CVII.—Syntheses in the Indole Series. Part III. 
The Theory of Anhydronium Base Formation and 
the Constitution of Methosulphates, with some 
Observations on the Fluorescence of 5 : 6-Benz-4- 
carboline and its Derivatives. 


By Witi1am Oeitvy Kermack and Ropert Henry SLATER. 


In support of the view that the anhydronium base formed from 
harmine methosulphate (I) by the action of alkali has the constitu- 
tion II (R’ = OMe; R” = Me; R’” = Me) and is a derivative of 
4-y-carboline (II: R’ = R” = R’” = Hi), it has been shown by 


~Oue: MeSO,’ Ove 


N Me R” 
(.) H (II.) 


* The author has been informed in a private communication from Pro- 
fessor G. G. Henderson that the results he has obtained in the fractional 
distillation of large quantities of caryophyllene are very similar indeed to 
those recorded in this paper. The two main fractions into which he separated 
—— both yielded the dihydrochloride and the alcohol. 

DD 
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Kermack, Perkin, and Robinson (J., 1922, 121, 1877) that the 
propochloride of methylharmine (III: R’ = Pr; R’”’ = Me) is not 
identical with the methochloride of propylharmine (III: R’ = Me; 
R” = Pr). This evidence is not quite conclusive, inasmuch as it 
is conceivable that the addition of the alkyl salt to the anhydronium 
base might take place in such a way that the alkyl group did not 
attach itself to either nitrogen atom. This possibility, although 
rather unlikely, must be considered and therefore direct evidence as 
to the constitution of the anhydronium bases in the carboline series 
appears desirable. Definite evidence upon this point would 
obviously be of importance with reference to the general problem 
of the structure of heterocyclic polynuclear bases. 


R” (Cl’ 
N 
H 
Closely related to 4-carboline (IV), of which harmine and all the 
above compounds are derivatives, is the somewhat more complex 
5 : 6-benz-4-carboline (V: R’ = R’ =H). The syntheses of this 
compound and of some of its derivatives have been described 
(Kermack and Slater, this vol., p. 32), and it is the comparative 
ease with which members of the benzcarboline series can be prepared 
that makes them particularly suitable for the further investigation 
of the theory of anhydronium base formation. They are compounds 
very similar to 4-carboline in their properties, and so there seems 
little doubt that a rigorous proof of the constitution of the anhydron- 
ium bases and their metho-salts in this series would imply that a 
similar constitution holds in the carboline and other related series 
also. By the method previously described (Kermack and Slater, 
loc. cit., p. 41), 5:6-benz-4-carboline (V: R’ = R” = H) and 
1-methyl-5 : 6-benz-4-carboline (V: R’ = Me; R” =H) can be 
prepared in a way that leaves no doubt as to their constitution. 


Nag MeSO,’ (VI) 


N R” 
R’ 


Now according to the above theory the anhydronium base formed 
from 5:6-benz-4-carboline methosulphate (VI: R’ = R” = H; 
R’”’ = Me) should be a derivative of 4-4-carboline (II: R’ = R” 
R’” = H) and should possess the constitution VII (R’ = H; R” 


eT 
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Me), and so the methosulphate of this anhydronium base ought to 
be identical with 1-methyl-5 : 6-benz-4-carboline methosulphate, 
which must have the constitution VI (R’ = R’”’ = Me; R” = H). 
This is so, as is shown below, and the identity of these two metho- 
sulphates, prepared quite independently, proves definitely that 
methyl sulphate adds itself on to the pyrrole nitrogen atom of the 
anhydronium base, and that the theory described above is correct. 


(VII.) Over Cnt (VIII.) 
V4 \y 
N R’ N 
Me 


When heated in benzene suspension with methyl sulphate, 
5: 6-benz-4-carboline yields a bright yellow methosulphate (VI: 
R’ = R” = H; R’” = Me), m. p. 235°, from an aqueous solution 
of which sodium or ammonium hydroxide readily precipitates an 
orange anhydronium base (VIL: R’ = H; R”’ = Me), m. p. 205°. 
When dissolved in benzene and treated with methyl] sulphate, this 
base gives a methosulphate (VI: R’ = R’” = Me; R” = H), m. p. 
300°. 

1-Methyl-5 : 6-benz-4-carboline (V: R’ = Me; R’ =H), m. p. 
142°, prepared from the formyl derivative of 3-0-aminophenyl- 
1-methylindole (VIII) (Kermack and Slater, loc. cit., p. 44) by the 
phosphoryl chloride method, is converted by methyl sulphate in 
benzene solution into a compound, m. p. 300°, which is identical 
with the methosulphate (VI: R’ = R’” = Me; R” = H) of the 
anhydronium base described above. This anhydronium base and 
its methosulphate are therefore properly named 4-methyl-5 : 6-benz- 
4-y-carboline and 1 : 4-dimethyl-5 : 6-benz-4-carbolinium methyl sul- 
phate respectively. 

In order to confirm the conclusions just discussed, the work was 
repeated with 3-methyl-5 : 6-benz-4-carboline (V: R’ = H; R” = 
Me) and 1 : 3-dimethyl-5 : 6-benz-4-carboline (V: R’ = R” =Me) 
(Kermack and Slater, loc. cit., pp. 42, 45). 3-Methyl-5 : 6-benz- 
4-carboline methosulphate (VI: R’ = H; R” = R’” = Me), m. p. 
270°, prepared in the usual way, was converted into 3 : 4-dimethyl- 
5 : 6-benz-4--carboline (VII: R’ = R” = Me), m. p. 225°, and this 
anhydronium base reacted readily with methyl sulphate to form 
1:3: 4-trimethyl-5 : 6-benz-4-carbolinium methyl sulphate (VI: R’ = 
R” = R’” = Me), m. p. 292°, which was identical with the metho- 
sulphate obtained from 1 : 3-dimethyl-5 : 6-benz-4-carboline. The 
methyl sulphate and the benzene used in the preparation of these 
methosulphates must be perfectly dry and neutral to litmus; in the 
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earlier experiments, in which this precaution was not taken, the 
product obtained from | : 3-dimethyl-5 : 6-benz-4-carboline melted 
at 296° and proved to be essentially 1 : 3-dimethyl-5 : 6-benz- 
4-carbolinium methyl sulphate (VI: BR’ =R” = Me; R’”’ = H) 
(which could not readily be distinguished by analysis from 
1: 3: 4-trimethyl-5 : 6-benz-4-carbolinium methyl sulphate), its 
formation being apparently due to water or methyl hydrogen 
sulphate in the methyl sulphate used. Before the nature of this 
product had been ascertained, the possibility (which was considered 
improbable) suggested itself that the anhydronium base (VII: 
R’ = R” = Me) might have reacted in the ethylenic form, 
[ | NMe 
HN CCH, 
3-ethyl-5 : 6-benz-4-carboline methosulphate (VI: R’ = H; R” = Et; 
R’” = Me). This possibility was disproved by preparing this 
methosulphate from 3-ethyl-5 : 6-benz-4-carboline (Kermack and 
Slater, loc. cit., p. 42); it melted at 250° and was clearly not 
identical with the substance of m. p. 292°. 

Since the quaternary ammonium base is precipitated from an 
aqueous solution of 1:3: 4-trimethyl-5 : 6-benz-4-carbolinium 
methyl sulphate (VI: R’ = R” = R’” = Me), both by sodium 
hydroxide and by ammonium hydroxide, this base appears to be 
weaker than the quaternary ammonium base of 1 : 4-dimethyl- 
5 : 6-benz-4-carbolinium methyl sulphate, which is precipitated 
by sodium hydroxide only (see p. 795). From 4-methylharmine 
methosulphate, even sodium hydroxide fails to precipitate the 
quaternary base in the cold (Perkin and Robinson, J., 1919, 145, 
949); the present authors have observed, however, that a very 
large excess of sodium hydroxide does effect precipitation. The 
extra benzene ring present in the benzcarboline series therefore 
appears considerably to diminish the basic nature of the nitrogen 
atom. 

As a number of closely related fluorescent compounds were avail- 
able, they were examined with the object of ascertaining whether 
any relation exists between the constitution of a compound and 
the colour of its fluurescence. Solutions of the compounds were 
prepared by adding 0-1 c.c. of an N/100-solution of the compound 
in water to 9-8 c.c. of alcohol and 0-1 c.c. of N-hydrochloric acid or 
of ammonium hydroxide (d 0-880). The acid and the alkaline 
alcoholic solutions obtained, each containing a compound at a 
concentration of NV/10,000, were arranged by several independent 
observers according to the colour of their fluorescences, which varied 
from blue to greenish-yellow. The tubes were illuminated by means 


, with methyl sulphate, with the formation of 
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of a carbon arc, which provided a constant source of light and excited 


a very strong fluorescence. 


The results are in Table I, 4-methyl- 


TABLE I. 


Compound. 


] :3-Dimethyl-5 : 6-benz-4-carb- 
oline hydrochloride 
1-Methyl-5 : 6-benz-4-carboline 
hydrochloride 
4-Methylharmine methosulphate 
3-Ethyl-5 : 6-benz-4-carboline 
hydrochloride 
5 : 6-Benz-4-carboline 
chloride 
3-Methyl-5 : 6-benz-4-carboline 
hydrochloride 
4-Methylharmine methosulphate 
3-E se 5 : 6-benz-4-carboline 


3- Methyl- 5 : 6-benz-4-carboline 
hydrochloride 
Quinine hydrochloride 
3: 4-Dimethyl-5 : 6-benz-4-- 
carboline hydrochloride 
3-Methyl-5 : 6-benz-4-carboline 
methosulphate 
3-Ethyl-5 : 6-benz-4-carboline 
methosulphate 
: 3-Dimethyl-5 : 6-benz-4-carb- 
oline hydrochloride 
5 : 6-Benz-4-carboline 
chloride 
3; 4-Dimethy]l-5 : 6-benz-4-4- 
carboline hydrochloride 
3-Methyl-5 : 6-benz-4-carboline 
methosulphate 
3-Ethyl-5 : 6-benz-4- carboline 
methosulphate 
-Methyl-5 : 6-benz-4--carb- 
oline hydrochloride 
5 : 6-Benz-4-carboline 


-Methyl-5 : 6-benz-4-carboline 
hydrochloride 
: 3: 4-Trimethyl-5 : 6-benz-4- 
carbolinium methyl sulphate 
-Methyl1-5 : 6-benz-4-4-carb- 
oline hydrochloride 
5 : 6-Benz-4-carboline metho- 
: 3: 4-Trimethyl-5 : 6-benz-4- 
carbolinium methyl sulphate 
: 4-Dimethyl-5 : 6-benz-4-carb- 
olinium methy] sulphate 
: 4-Dimethyl-5 : 6-benz-4-carb- 
olinium methyl sulphate ...... 
Quinine hydrochloride ............ 


Highest 
dilution 
showing 
fluor- 
escence. 


Acid or 
alkali 
added. 


Colour of 
fluorescence. 


NH,OH Blue N/10° 
99 N /2.108 
HCl N/107 


NH,OH N /4.10° 
N/108 
N /4.10° 
“6 N/10? 
Blue with greenish tinge N /2.10? 
N/10? 
N/10? 


9 ” 


Greenish-blue N /2.107 
% N/2.107 
s N/107 
Bluish-green N /2.10’ 
N/10? 
N/10? 
N/10? 
N/10° 
N /2.10? 
N /2.10? 
a N/10? 
- N/10? 
Yellowish-green NN /4.108 
a N /4.10¢ 
N/4.10° 
N/10? 


Ps Greenish-yellow 


HCl 
NH,OH 


N/10? 
Less than 
N/108 


None at N/104 
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harmine methosulphate and quinine hydrochloride being included for 
comparison. N/10,000-Solutions of these compounds in water and 
in N/100-hydrochloric acid were also examined: the order for 
these was the same as that for the hydrochloric acid—alcohol solutions, 
Addition of alkali to the aqueous solutions precipitated the bases 
in many cases and so destroyed the fluorescence. Alcoholic solutions 
containing sodium hydroxide (0-1 c.c. of N/100-carboline solution, 
9-7 c.c. of alcohol, 0-2 c.c. of 5N-sodium hydroxide) exhibited 
fluorescences identical with those of solutions containing ammonium 
hydroxide. 

The chief deductions to be drawn from the table are as follows. 
A methyl (or ethyl) group attached to the carbon atom in position 
3 (see formula V) invariably renders the fluorescence more blue. 
With the introduction of a methyl group attached to either nitrogen 
atom, the fluorescence in acid solution becomes more yellow, the 
effect being greater when the methyl group is in position 1 than when 
it is in position 4. In acid solution the effect of a methyl group in 
position 3 is almost balanced by that of a methyl group in position 4. 
In alkaline solution a methyl group in position 1 renders the fluor- 
escence more blue, whereas in position 4 it makes the fluorescence 
more green. In alkaline solution a methyl group in the 4-position 
is much more powerful in making the fluorescence more green than 
one in the 3-position is in making it blue. 1-Methyl-5 : 6-benz- 
4-carboline fluoresces bluer in alkaline solution than in acid 
solution, whereas 4-methy]l-5 : 6-benz-4-)-carboline fluoresces yellower 
in alkaline solution than in acid solution. It seems a probable 
assumption that the yellowish-green colour of 4-methyl-5 : 6-benz- 
4-,-carboline in alkaline solution is due to the existence of the 
y-carboline structure. 

The compounds which contain a methyl group in the 4-position 
(that is, those compounds whose bases cannot possess a normal 
structure in alkaline solution) fluoresce more yellow in alkaline than 
in acid solution, whereas those compounds not possessing a methyl 
group in this position are bluer in alkaline than in acid solution. 
Hence derivatives of the normal base (5: 6-benz-4-carboline) 
fluoresce very blue, particularly in alkaline solution, and 5 : 6-benz- 
4-carboline and 3-methyl-5 : 6-benz-4-carboline exist essentially 
in the normal form. 

The figures in the fourth column in Table I represent the concen- 
trations at which the fluorescences are just visible. They are only 
approximate, but it is clear that the fluorescence of these compounds 
is usually considerably stronger in acid than in alkaline solution. 
In respect to colour and intensity of fluorescence, pairs of compounds 
such as 5:6-benz-4-carboline methosulphate and 4-methy]-5 : 6- 
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benz-4--carboline hydrochloride, which contain the same organic 
kation, are identical. 


EXPERIMENTAL. 

5 : 6-Benz-4-carboline Methosulphate (VI: R’ = R'" =H; R’” = 
Me).—The method here described is of general application for the 
preparation of 5 : 6-benz-4-carboline methosulphates. They are best 
recrystallised from methyl alcohol. The absence of by-product such 
as VI (R’ = R” = Me; R’” = H) is readily indicated by the non-pro- 
duction of a precipitate when a few drops of concentrated hydro- 
chloric acid are added to an aqueous solution of the methosulphate. 

Finely powdered 5 : 6-benz-4-carboline (3 g.), dry benzene (10 
e.c.), and methyl sulphate (2-5 g.) were heated together on the 
steam-bath for 30 minutes. The product that separated was 
recrystallised from a small quantity of boiling methyl alcohol, 
5 : 6-benz-4-carboline methosulphate being obtained in thick, bright 
yellow, prismatic needles which exhibited a greenish fluorescence, 
m. p. 235° (Found: C, 58-3; H, 53. 2C,,H,,0,N,S,CH,-OH 
requires C, 58-1; H, 5-0%). The salt is readily soluble in water 
and in methyl and ethyl alcohol, the solutions exhibiting a green 
fluorescence. Its solution in concentrated sulphuric acid also 
exhibits a green fluorescence, which changes to deep greenish-blue 
on warming. 

4-Methyl-5 : 6-benz-4-4-carboline (VII: R’ =H; R” = Me) was 
obtained in a hydrated form as an orange precipitate when an 
aqueous solution of 5:6-benz-4-carboline methosulphate was 
treated with an excess of ammonium hydroxide in the cold (it is 
also precipitated by sodium hydroxide). It crystallised from 
boiling water, in which it was only sparingly soluble, in fine, orange, 
prismatic needles which, after being heated at 100° for 6 hours, 
darkened at 190° and melted at 205° (Found: C, 82-6; H, 5-2. 
CisH,.N. requires C, 82-8; H, 52%). It is readily soluble in 
alcohol and moderately easily soluble in benzene, the solutions 
exhibiting a brilliant green fluorescence. 

1 : 4-Dimethyl-5 : 6-benz-4-carbolinium methyl sulphate (VI: R’ = 
R’” = Me; R” =H), prepared both from 4-methyl-5 : 6-benz- 
4-y-carboline and from 1-methyl-5 : 6-benz-4-carboline, forms long, 
chrome-yellow, rectangular prismatic needles which exhibit a 
greenish fluorescence; m. p. 300° (Found: C, 598; H, 5-2. 
C,sH,,0,N.8 requires C, 60-3; H, 50%). Its solutions in water, 
boiling methyl alcohol, and concentrated sulphuric acid exhibit a 
greenish-yellow fluorescence, the last becoming greenish-blue on 
warming. The addition of sodium hydroxide, but not ammonium 
hydroxide, to the aqueous solution precipitates the hydrated 
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quaternary ammonium hydroxide as a voluminous, buff, amorphous 
compound. 

1-Methyl-5 : 6-benz-4-carboline (V: R’ = Me; R” = H).—This 
was prepared from 3-0-aminophenyl-l-methylindole (5 g.) by a 
method almost exactly identical with that described for the prepar- 
ation of 5 : 6-benz-4-carboline (Kermack and Slater, loc. cit., p. 41), 
the only differences being the extraction of the crude formyl 
derivative with ether, its drying over anhydrous sodium sulphate, 
and the use of 30 c.c. of toluene and 12 c.c. of phosphory] chloride. 
The benzcarboline crystallised from. ligroin, containing a little solid 
potassium hydroxide, in long, pale pink, feathery needles exhibiting 
radial formation; m. p. 142° (Found: C, 83-3; H, 5-4. C,,H,.N, 
requires C, 82:8; H,5-2%). Itis readily soluble in alcohol, benzene, 
and chloroform, but much less soluble in ligroin and light petroleum ; 
these solutions exhibit a brilliant green fluorescence. The hydro- 
chloride is only sparingly soluble in water and gives none of the usual 
indole reactions. 

3-Methyl-5 : 6-benz-4-carboline methosulphate (VI: R’ =H; 
R”’ = R’” = Me) forms stout, bright yellow, prismatic needles, 
m. p. 270° (Found : C, 60-4; H, 5-2; N,7-9. C,gH,,0,N,S requires 
C, 60-3; H, 5-0; N, 7-8%). Its solutions in water, boiling methyl 
alcohol, and concentrated sulphuric acid exhibit a vivid greenish- 
blue fluorescence, the last becoming brilliant blue on warming and 
bluish-green on dilution. 

3 : 4-Dimethyl-5 : 6-benz-4-4-carboline (VIL: R’ = R” = Me).—To 
an aqueous solution of 3-methyl-5 : 6-benz-4-carboline metho- 
sulphate, ammonium hydroxide was added until precipitation of 
the hydrated quaternary ammonium hydroxide was complete. 
(This is also precipitated by sodium hydroxide.) Thebase crystallised 
from boiling water in long, yellow, felted needles which, after being 
heated for 6 hours at 100°, darkened slightly at 200° and melted at 
225° (Found: C, 82-6; H, 5-8; N, 11-2. C,,H,,N, requires 
C, 82-9; H, 5-7; N, 114%). It is readily soluble in alcohol and 
benzene, the solutions exhibiting a brilliant greenish-blue fluorescence. 

1:3: 4-Trimethyl-5 : 6-benz-4-carbolinium methyl sulphate (V1: 
R’ = R” = R’” = Me), prepared both from 3 : 4-dimethyl-5 : 6- 
benz-4-y-carboline and from 1 : 3-dimethyl-5 : 6-benz-4-carboline, 
forms long, chrome-yellow, rectangular prismatic needles which 
exhibit a bright green fluorescence; m. p. 292° (Found: C, 61-2; 
H, 5-4; N, 7-3. Cy gH, ,0,N.S requires C, 61-3; H, 5-4; N, 7-5%). 
Its solutions in water, hot methyl alcohol, and concentrated 
sulphuric acid exhibit a vivid green fluorescence, the last becoming 
brilliant blue on warming and greenish-blue on dilution. The 
addition of sodium hydroxide or ammonium hydroxide to the 
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aqueous solution precipitates the quaternary ammonium hydroxide 
as @ fine emulsion, from which yellow crystals slowly separate. 

3-Ethyl-5 : 6-benz-4-carboline methosulphate (VI: BR’ = H; R” = 
Et; R’’’ = Me) forms pale yellow, tetragonal plates, m. p. 250° 
(Found : C, 61-6; H, 5-6. C,,H,,0,N,S requires C, 61-3; H, 5-4%). 
Its solutions in water, boiling methyl alcohol, and concentrated 
sulphuric acid exhibit a greenish-blue fluorescence, the last becom- 
ing brilliant blue on warming. The addition of sodium hydroxide 
or ammonium hydroxide to the aqueous solution gives at once a 
voluminous, bright yellow, crystalline precipitate of the hydrated 
quaternary ammonium hydroxide. 
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CVIII.—Internal Equilibrium in Liquid Sulphur. 
Part I. 


By Dauzren LLEWELLYN Hammick, WiLFRIp R. Cousins, and 
EDWARD J. LANGFORD. 


THE commonly accepted view as to the nature of liquid sulphur is 
that it contains, when in internal equilibrium, at least two molecular 
species, S, and §,. Attempts to estimate the relative proportions 
of the two forms present at different temperatures have been made 
by Alex. Smith and his collaborators (Smith and Holmes, J. Amer. 
Chem. Soc., 1905, 27, 979; Smith and Carson, Z. physikal. Chem., 
1907, 57, 685), and their results are embodied in the familiar 
internal-equilibrium curve for liquid sulphur. The data from which 
their curve (see Fig. 1) was plotted were obtained by heating speci- 
mens of sulphur in open tubes until internal equilibrium had been 
reached at various temperatures between the melting and boiling 
points of sulphur, the liquid being then poured into ice-water to 
fix the equilibrium. Specimens chilled from below about 150° 
solidified rapidly into hard drops; on the other hand, when higher 
temperatures were used, the cooled mass was plastic and was kept 
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for several days until it had hardened sufficiently to be ground. 
The dried and powdered specimens were then extracted, under 
standardised conditions, with carbon disulphide in a Soxhlet appar- 
atus, and the amount of insoluble sulphur was estimated. If the 
amounts of insoluble sulphur thus found be taken as a measure of 
the amounts of S, present in the original specimens of liquid sulphur, 
an allelotropic line can be plotted. 

It is, however, difficult to believe that this allelotropic line really 
represents the internal equilibrium in liquid sulphur. It is unlike 
any other such line at present known. Its course implies a large 
and rapid change in the magnitude of the heat of transformation 
of 8, into S, between 170° and 200°, at which point the curve 
becomes practically vertical, the heat of transformation in conse- 
quence becoming negligible and the equilibrium composition 
independent of temperature. Smith and Holmes (loc. cit.) were 
aware of the difficulties in the way of the ordinary physical inter- 
pretation of the results, for they say that “caution is necessary 
in the interpretation of the data in regard to sulphur supercooled 
from very high temperatures,”’ and that “ such data should be used 
only for comparing the effects of variables other than temperature.” 
In short, before we can accept the line, we must be satisfied that 
the sudden change of direction of the line to the vertical at about 
160—170° is not due to the rate of chilling of the sulphur being 
insufficient to prevent reversion of §, to S,. The extent to which 
this reversion occurs will depend on the conditions of experiment, 
and in particular on (1) the size of the droplets as they fall into 
the ice-water, and (2) the speed with which they are transferred 
_ from the heating apparatus into the ice-water. If, therefore, the 

vertical part of the so-called allelotropic line is caused by ineffective 
chilling, a finer division of the liquid sulphur and a method of 
transference from the heating apparatus to the chilling vessel more 
rapid than pouring should at least transfer the vertical part of the 
line towards the S, axis. 

In order to ensure as fine division of the liquid sulphur as possible 
we have made fine suspensions of liquid sulphur in a mixture of 
sulphuric acid and ammonium sulphate of approximately the same 
density as liquid sulphur. In order to accelerate transference from 
the heating vessel to the chilling bath, we have constructed an 
apparatus in which, by knocking a hole in the vessel containing the 
“ emulsified ’’ sulphur, the contents could be dropped straight into 
ice-water. 

EXPERIMENTAL. 

The Production of the Sulphur Suspensions.—The apparatus used 

consisted of a large boiling-tube that fitted into a cylindrical resist- 
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ance furnace. The boiling-tube contained a mixture of 45 g. of 
recrystallised ammonium sulphate and 30 c.c. of concentrated 
sulphuric acid, and was fitted with a thermometer and a “ bulb ” 
stirrer at the end of a hollow glass tube mounted on a ball-bearing 
bicycle hub and driven by an electric motor. Experience showed 
that good suspensions of liquid sulphur in the molten acid sulphate 
could be obtained only with “‘ bulb ”’ stirrers, and that even with 
these the fineness of the suspensions varied considerably for a given 
speed of rotation. 

It was found that the only effect of the acid sulphate on the 
sulphur was to oxidise it to an extent depending on the temperature. 
The production of sulphur dioxide was no disadvantage, because, 
although its anticatalytic effect on the rate of attainment of 
equilibrium made long heating necessary, its presence tended to 
prevent reversion on chilling. The sulphur as such was absolutely 
insoluble in the sulphate mixture. This point was tested by pour- 
ing the clear supernatant liquid from the melted sulphur into water, 
whereupon no sulphur separated. 

To carry out an experiment, the semi-solid acid sulphate was 
heated with a flame until it was fused and its temperature raised a 
few degrees above that at which it was proposed to conduct a run. 
The electric heating furnace (which had been started some time 
previously) was now placed round the boiling-tube. The base of 
the furnace was closed with a removable asbestos cap, and as much 
of the top of the tube as possible was plugged with lead foil lined 
with asbestos to minimise heat loss and oxidation of sulphur. 
The stirring-motor was started and about 20 g. of powdered sulphur 
(recrystallised from carbon disulphide or toluene) were added in 
small quantities at a time over about 10 minutes. The thermometer 
in the mixture showed that if the furnace was allowed 3—4 hours 
in which to reach thermal equilibrium before the experiment started, 
the temperature did not vary by more than 1°. Stirring was 
rapid, though too fast running of the motor caused the liquid 
sulphur to stick to the stirrer and the walls of the tube. 

Although internal equilibrium was reached in an hour even at the 
lower temperatures, it was found necessary to keep the sulphur 
stirred for 4—5 hours, especially at the higher temperatures when 
it was in the sticky state, before really fine suspensions could be 
obtained. 

Chilling the Suspensions.—Passing through the hollow stirrer was 
a hard-glass rod which was kept clear of the liquid mixture by a 
coil-spring between a knob at the top of the rod and the bearing 
of the stirrer. In order to get the suspension out of the boiling 
tube, the cap at the base of the furnace was removed and, while 
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the stirrer was still running, the top of the hard glass rod was 
struck with a mallet. The end of the rod knocked the bottom out 
of the tube and the contents fell directly into a large beaker of 
ice-water, which was kept rapidly stirred. The presence of ice in 
the water was a disadvantage, as the sulphur droplets tended to 
coagulate on it. 

Analysis of the Chilled Sulphur.—Chillings from temperatures up 
to 150° readily gave fine droplets of sulphur that hardened rapidly. 
When obtained from higher temperatures, the droplets were sticky 
and required anything up to 5 days before they became hard 
enough to grind. The specimens were first washed in running water 
for 12 hours and then allowed to dry and harden on a porous plate 
in a vacuum desiccator. Fragments of broken glass from the 
boiling-tube were then picked out by hand. The yields, before 
analysis, were divided into two classes: those containing droplets 
of diameter up to 0-5 mm. were classified as “ good,” droplets up 
to 1 mm. in diameter were graded as “ fair,’’ and others rejected. 
When obtained from temperatures up to 160—170°, the size of the 
droplets made little difference to the content of S,; as will be 
seen, however, the amount of S, in samples from the higher tem- 
peratures differed considerably according to which grade they 
belonged to. 

When hard, the specimens were ground in a mortar, sieved through 
a No. 30 mesh, and subjected to a further drying. The amount of 
insoluble 8, was then estimated by Smith’s method (see below). 
It was found necessary to extract and dry the extraction thimbles 
to constant weight before use, and to carry out all weighings as 
quickly as possible. About 8 g. of chilled sulphur were used in 
each extraction, which was carried out by allowing the thimble to 
fill and empty 6 times in 25 minutes. The residual insoluble §, was 
rapidly drained and allowed to dry in a vacuum desiccator to 
approximately constant weight. 

As was found by Smith and Holmes (Z. physikal. Chem., 1903, 
42, 474), so-called insoluble sulphur dissolves very slowly in carbon 
disulphide. To correct for this, those authors made a series of 
artificial mixtures of S, and S, and weighed the amounts of §, 
remaining after extraction; they thus obtained a curve which could 
be used to correct for loss of S, in any particular mixture extracted. 
Obviously the magnitude of the correction will depend on the 
particular extractor used, and is not of general application. We 
have attempted to estimate the effect of S, solubility in our experi- 
ments by continuing the extraction of specimens of chilled sulphur 
by a further 6 fillings of the Soxhlet thimble. Thus, in two experi- 
ments we found that 2-881 and 2-735 g. of extracted sulphur (‘2., 
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§,) lost 0-086 and 0-091 g. on further extraction. This corresponds 
toa loss of under 3% on the §, present in 8 g. charges of unextracted 
suphur. As this is within our experimental error, and having 
regard to the fact that we were more particularly concerned with 
temperatures at which the percentage of S, was considerable, we 
have not applied any correction to our results. The effect of a 
correction would be, of course, to raise the recorded percentages of 
§, found. 

The data in Tables I and II refer respectively to those specimens 
of chilled sulphur droplets graded as “‘ good” and “‘ fair’; 7’ gives 
the temperature at which the sulphur was allowed to attain internal 
equilibrium before chilling. 


TABLE I. 


170° 170° 175° 178° 180° 180° 186° 

18-6 18-1 23-5 23-5 25-0 25-1 29-4 

18-7 18-1 21:9 — 25-0 25-2 28-9 

18-4 22-7 23-5 25-0 25-2 28-7 

227° 229° 242° 260° 263° 271° 279° 

39-0 40-8 39-6 38-6 37-7 39-9 37-9 

Su % — 40-5 39-6 385 — — 37:9 
Su ° 39-0 40-7 39-6 38-6 37-7 39:9 37-9 


TABLE II. 


260° 261° 266° 271° 271° 290° 299° 
33-7 32-6 34:8 32-4 34:6 33-2 31-7 


S, ° (mean) : 33-7 32-6 34-8 32-4 34-6 33-2 31-7 


Conclusions. 


The effect of our method of chilling liquefied sulphur has been, 
in the case of our most finely divided specimens (dotted circles © 
on diagram), to prolong the transverse portion of Smith and Holmes’s 
allelotropic line and to arrive at an approximately vertical line at 
about 40% S, instead of at about 33%. As was pointed out above, 
this result is to be taken as implying that the cause of the vertical 
trend of the curve is to be found in ineffective chilling, a conclusion 
which is strongly supported by the fact that our less effectively 
chilled samples gave percentages of insoluble sulphur (plain circles 
on diagram) that lie on and about Smith and Holmes’s curve. It 
is thus clearly incorrect to regard plots of the kind shown in the 
diagram as true allelotropic lines giving the relative amounts of 
8, and §, in liquid sulphur at different temperatures. 

In connexion with the methods used by ourselves and by Smith 
and his collaborators for estimating the amounts of insoluble sulphur 
in chilled sulphur, it should be pointed out that we have no inform- 
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ation as to what is happening to the chilled specimens while they 
are hardening. As Smith himself noticed (loc. cit.), sulphur in the 
plastic condition passes through the Soxhlet thimbles; how and 
why it does so is a matter for further investigation. The fact that 
quite definite changes in the properties of the sulphur occur during 
the process of hardening makes it questionable whether the amount 
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of insoluble “ hard ” sulphur at the end of that period is in reality 
the amount of insoluble S, in the freshly chilled plastic mass. 
This point will be discussed in a subsequent communication. 


In conclusion, the authors wish to acknowledge a grant from 
Messrs. Brunner Mond and Co. which has defrayed part of the cost 
of this investigation. 
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CIX.—The Mechanism of the Degradation of Fatty 
Acids by Mould Fungi. Pari I. 


By Tuomas KENNEDY WALKER and Puitie DaLtTon CopPpock. 


IN investigations designed to throw light on the stages by which 
fatty acid catabolism proceeds in the animal body, endeavours have 
often been made to confirm the results of physiological studies by the 
use of chemical reagents in vitro. Certain reactions which proceed in 
the mammalian body are also of normal occurrence in the metabolic 
processes of fermentative organisms. This suggested the possi- 
bility that the latter might be capable of effecting the enzymic 
degradation of fatty acids by processes identical with or closely 
similar to those by which it is believed breakdown is occasioned in 
living animal tissue, and the present communication deals with a 
study of the fermentation of propionic acid by the mould Aspergillus 
niger. ‘The case of this acid is of particular interest, since physio- 
logical experiments hitherto have not indicated definitely the 
initial stage of its degradation, and Dakin (J. Biol. Chem., 1926, 67, 
341) has pointed out that its direct conversion into lactic acid, if such 
could be demonstrated, would furnish a unique example of «-oxid- 
ation in vivo of a normal fatty acid. The experiments of Ringer 
(J. Biol. Chem., 1912, 12, 511) suggest indirectly that oxidation to 
lactic acid does occur, but Blum and Worringer (Bull. Soc. Chim. 
biol., 1920, 2, 88) incline to the view that pyruvic acid is the first 
product, subsequently undergoing asymmetric reduction to I-lactic 
acid, a conclusion which Knoop has questioned (Z. physiol. Chem., 
1923, 130, 388). Raper (Biochem. J., 1914, 8, 320) has suggested 
that, by analogy with the manner in which saturated «-methyl fatty 
acids react with hydrogen peroxide, propionic acid may be attacked 
at its B-carbon atom, which forms part of a methyl group. If such 
should be the case, the reaction might be expected to yield, ultim- 
ately, malonic semi-aldehyde together, probably, with malonic acid. 
Dakin (J. Biol. Chem., 1908, 4, 227) obtained acetaldehyde by the 
action of hydrogen peroxide on propionic acid; this may have arisen 
from decarboxylation of the unstable malonic semi-aldehyde, though 
its formation from lactic acid is equally probable. In a recent 
paper (ibid., 1926, 67, 341) the same author has put forward an 
hypothesis by which propionic acid might undergo in the body 
dehydrogenation of the «$-type, yielding acrylic acid which, in turn, 
might yield hydracrylic or conceivably lactic acid. This view 
receives support from the fact that succinic acid is oxidised to 
fumaric acid by muscle tissue and that acrylic acid, like propionic 
acid, yields glucose in the phloridzinised dog. Dakin was not able, 
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however, to obtain experimental evidence in support of this 
hypothesis. 

In an investigation undertaken with a different object, Raistrick 
and Clark (Biochem. J., 1919, 13, 329) experienced difficulty in 
inducing A. niger to grow in media containing ammonium or sodium 
propionate as the sole source of carbon. Only in one instance, on 
sodium propionate, did development occur and a small yield of oxalic 
acid result. On salts of lactic acid good growth unaccompanied by 
oxalic acid formation took place, and ammonium pyruvate gave good 
growth and small yields of oxalic acid. On this and other evidence 
the authors questioned whether the oxalic acid had not arisen by 
purely chemical changes during sterilisation of the media rather than 
by the biological agency of the mould. 

The present authors have found that A. niger may be cultivated 
readily on dilute aqueous solutions of calcium propionate together 
with the requisite inorganic salts. When incubated at 32°, such 
cultures gave positive thiophen tests for lactic acid (Fletcher and 
Gowland Hopkins, J. Physiol., 1907, 35, 247) on or about the ninth 
day. Thereafter, the thiophen colour reaction became fainter or 
disappeared, and about the twelfth or thirteenth day pyruvic acid 
was detected by the coloration given with benzenediazonium chloride 
in presence of sodium acetate (Bamberger and Miiller, Ber., 1894, 
27, 147). That the latter coloration was due actually to pyruvic 
acid and not to malonic acid or its semi-aldehyde, which also react 
with the diazonium acetate, was proved in several experiments in 
none of which was it possible to isolate a formazyl derivative of 
malonic acid or of its semi-aldehyde by addition of the diazonium 
salt to the cultures; whereas, in each instance, the simultaneous 
addition of aminoguanidine nitrate to other samples of the same 
cultures yielded its condensation product with pyruvic acid (Wede- 
kind and Bronstein, Annalen, 1899, 307, 298). 

In these experiments, lactic acid was detected in every case prior 
to the appearance of pyruvic acid. The presence of lactic acid was 
confirmed by its conversion by sulphuric acid into acetaldehyde and 
formic acid, the latter being analysed as the lead salt. These results 
made it probable that the pyruvic acid had arisen by oxidation of 
the lactic acid, a biological transformation which has already been 
demonstrated in the cases of other fermentative organisms (com- 
pare Mazé, Compt. rend. Soc. Biol., 1918, 84, 1150; Quastel, 
Biochem. J., 1925, 19, 304; Kayser, Bull. Soc. Chim. biol., 1924, 6, 
345). The mould was therefore cultivated on a calcium lactate 
medium and was found to yield pyruvic acid, which was detected by 
benzenediazonium acetate on the tenth day and isolated subse- 
quently in the form of its compound with aminoguanidine (Wede- 
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kind and Bronstein, loc. cit.). In another experiment pyruvic acid 
was produced on the seventh day and was characterised as the 
p-nitrophenylhydrazone. 

Nagayama (Biochem. Z., 1921, 116, 303) has shown that a number 
of moulds, including A. niger muiante, produce acetaldehyde when 
grown on calcium pyruvate as sole source of carbon. The fact that 
cultures of A. niger on calcium propionate developed a distinct odour 
of acetaldehyde led us to attempt to isolate the latter from the 
various culture solutions by carrying out fermentations in the 
presence of sodium sulphite and of calcium sulphite according to the 
method of Neuberg and Reinfurth (Biochem. Z., 1918, 89, 389). The 
results were entirely negative and in the case of calcium lactate 
cultures strong reduction occurred accompanied by darkening of 
the liquid and evolution of hydrogen sulphide. Nevertheless, in 
pyruvate and lactate cultures the transitory existence of acetalde- 
hyde was indicated by the fact that after 28 days these were found 
to contain traces of ethyl alcohol, produced presumably either by 
direct reduction or by dismutation (biologically induced Cannizzaro 
reaction) of the aldehyde. The alcohol was oxidised to acetaldehyde 
and characterised as aldomedon (Neuberg and Reinfurth, Biochem. 
Z., 1920, 106, 281). By the action of certain yeasts on calcium 
lactate Kayser (loc. cit.) obtained ethyl alcohol, in addition to pyruvic 
acid. Blank experiments in which sterile solutions of calcium 
pyruvate and the inorganic salts of the medium were mixed and 
maintained for several weeks at 32° gave no traces of acetaldehyde 
orethylalcohol. Hence it seems probable that A. niger brings about 
the conversion of pyruvic acid into acetaldehyde by the agency of 
the enzyme carboxylase. If the ethyl alcohol produced in these 
fermentations arises by dismutation of acetaldehyde, then acetic 
acid must be formed simultaneously; and Neuberg (Biochem. Z., 
1914, 67, 90) obtained this acid as the main product of the putre- 
factive fermentation of pyruvic acid. Its presence in our fermenting 
media has not yet been proved, but indirect evidence of its occur- 
rence was furnished by the following facts : (a) Separate cultures of 
A. niger on the calcium salts of propionic, lactic, and pyruvic acids 
in the later stages of fermentation gave positive naphtharesorcinol 
tests for glyoxylic acid in all cases; (b) a calcium lactate culture 
yielded a small amount of calcium oxalate; and (c) Challenger, 
Subramaniam, and the present authors (J., 1927, 200, 3044) had 
already shown that the fermentation of calcium acetate by A. niger 
follows the course : acetic acid—>glycollic acid—>glyoxylic acid——> 
oxalic acid. Hence it is to be inferred that the oxalic acid isolated 
in the present instance had been produced in this manner. Incident- 
ally, in view of the above, the mycological genesis of the oxalic acid 
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obtained by Raistrick and Clark (loc. cit.) must be regarded as 
verified. 
EXPERIMENTAL, 

The A. niger strain, and the medium containing the inorganic 
salts, designated ‘‘ Solution M,” were the same as those employed 
by Challenger, Subramaniam, and one of us (loc. cit.). The usual 
precautions were observed to ensure aseptic conditions in working 
and results were checked by blank experiments carried out under 
identical conditions. 

Fermentation of Calcium Propionate. Detection of Lactic and 
Pyruvic Acids.—Three separate experiments were carried out in 
which, in each case, calcium propionate (25 g.) in solution M 
(2500 c.c.) was inoculated by young test-tube cultures of A. niger 
on the same medium, and the mixture incubated at 32°. In these 
three cases lactic acid was detected qualitatively after 9, 10, and 9 
days, and pyruvic acid after 14, 14, and 13 days, respectively. 
In one of these experiments the thiophen colour test was markedly 
distinct on the eleventh day, whereupon 1000 c.c. of the medium 
were removed, filtered, and evaporated to dryness and the residue 
was distilled with 60 c.c. of 60% sulphuric acid. A strong smell of 
acetaldehyde, which gave way to that of formic acid, was observed. 
The distillate was neutralised with caustic soda and evaporated to 
dryness, and the residue extracted several times with methyl alcohol, 
which removed sodium propionate and left 0-76 g. of insoluble 
material, presumably sodium formate. The latter, in 5 c.c. of 
water, gave with 1-6 g. of lead nitrate in 8 c.c. of water, a white 
precipitate (1-4 g.), which was washed with cold water, crystallised 
twice from hot water, and dried over calcium chloride (Found: 
Pb, 69-6. Cale.: Pb, 69-7%). 

In another of the experiments in which a positive test for pyruvic 
acid had been obtained faintly on the thirteenth and very definitely 
on the fourteenth day, 2000 c.c. of the medium were immediately 
filtered and treated with 10 g. of aminoguanidine nitrate and the 
mixture was strongly cooled. After 48 hours the precipitate 
(3-4 g.) was removed, washed with cold water, and recrystallised 
three times from large bulks of hot water (100°). The m. p. of the 
condensation product of aminoguanidine nitrate with pyruvic 
acid is given in the literature (loc. cit.) as 206°, but our product did 
not melt at 350°, doubtless owing to polymerisation during the 
treatment with hot water (Found for the anhydrous substance: (, 
22-7; H, 4:5. Calc.: C, 23-2; H, 435%). In calcium propionate 
cultures fermented as described above, the pyruvic acid formed was 
found to diminish after 2 or 3 days and a little later the solutions 
gave positive naphtharesorcinol tests indicative of the presence of 
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glyoxylic acid. The latter could not be characterised owing to the 
smallness of the amounts present and to interference from traces of 
pyruvic acid which still persisted in the media. 

Fermentation of Lactic Acid. Detection of Pyruvic Acid.—A 
solution of Kahlbaum’s calcium lactate (50 g.) in 2500 c.c. of solution 
M was sterilised, inoculated, and incubated at 32°. After 10 days 
a sample (25 c.c.) of the medium gave a faint red coloration when 
treated at 0° with a few c.c. of a benzenediazonium chloride solution, 
followed by sodium acetate. This coloration was much deeper 
when the test was performed after 12 days, but no solid con- 
densation product separated. The culture medium was then 
filtered and treated with 15 g. of aminoguanidine acetate and 5 c.c. 
of glacial acetic acid. After 48 hours the precipitate was washed with 
cold water. The mother-liquor on strong cooling yielded another 
smaller crop and the total precipitate (1-71 g.) was recrystallised 
successively from large bulks of hot water (100°) and boiling methyl 
alcohol. A sample did not melt at 350° (Found: C, 33-3; H, 5-6. 
Calc.: C, 33:3; H, 56%). A quantity of the tripolymeride, 
[(CO,H-CMe:N-NH-C(NH,):NH], (loc. cit.), made for purposes of 
comparison was identical in physical properties with the derivative 
under investigation. ' 

In another experiment in which calcium lactate (10 g.) in solu- 
tion M (500 c.c.) was fermented as above, the liquid yielded a posi- 
tive test for pyruvic acid on the seventh day. The whole of the 
solution was at once filtered and treated with p-nitrophenylhydr- 
azine (2 g.), dissolved in a mixture of glacial acetic acid (5 c.c.) 
and water (20 c.c.). After 24 hours the precipitate (1-0 g.) was 
recrystallised three times from ethyl alcohol; it then had m. p. 221°, 
alone or mixed with authentic pyruvic acid p-nitrophenylhydrazone 
» (m. p. 221°) (Found, by micro-analysis: C, 49:0; H, 4:2. Cale.: 
C, 48-4; H, 40%). 

Fermentation of Lactic Acid. Isolation of Oxalic Acid.—In the 
previous experiment, the mixture of mycelium and traces of in- 
soluble matter which remained when the calcium lactate medium 
had been filtered was washed with water and extracted several times 
with warm dilute hydrochloric acid. The combined extracts were 
filtered, neutralised exactly with ammonia, acidified with acetic 
acid, and again filtered. This procedure removed all the inorganic 
constituents of solution M which are soluble in acetic acid. The 
small residue on the filter, presumably calcium oxalate, was dissolved 
in a little dilute hydrochloric acid, and the solution was neutralised 
with ammonia and acidified with acetic acid; the small amount of 
white precipitate obtained reduced potassium permanganate in 
dilute acidified solution (Found: CaO, 44:0. Calc. : CaO, 43-75%). 
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Fermentation of Pyruvic Acid. Detection of Ethyl Alcohol._—Pure 
sterile calcium carbonate (1 mol.) in sterile water was treated with 
freshly fractionated pyruvic acid (2 mols.). When neutralisation was 
completed the solution was diluted with a sterile aqueous solution 
of the necessary inorganic salts to give 1000 c.c. of medium con. 
taining 10 g. of pyruvic acid (as calcium salt). It was inoculated 
and incubated at 26° for 28 days; a test portion then yielded a 
distillate, which gave a strong iodoform reaction but contained no 
acetaldehyde, since the test with piperidine and sodium nitro. 
prusside (Rimini, Z. anal. Chem., 1904, 43, 517) and other colour 
reactions were negative. The whole culture was then very carefully 
distilled and redistilled. The second distillate (100 c.c.) was treated 
with sodium dichromate (30 g.) and concentrated sulphuric acid 
(15 c.c.), and the mixture heated cautiously. The vapours were 
passed through two spiral-condensers and the distillate (30 c.c.) was 
collected in a receiver at 0°. A small portion of the distillate, when 
treated with a few drops of a dilute aqueous solution of piperidine 
and 0-25 e.c. of a very dilute aqueous solution of sodium nitro- 
prusside, gave the distinct blue coloration characteristic of acetalde- 
hyde (loc. cit.). The remainder of the distillate was treated with 
1 g. of 5 : 5-dimethylceyclohexane-1 : 3-dione (dimethyldihydroresore- 
inol) (Neuberg and Reinfurth, Biochem. Z., 1920, 106, 286) dissolved 
in @ little ethyl alcohol (free from acetaldehyde), and the resulting 
clear solution was kept at room temperature. The crystals that had 
separated after 48 hours were washed with cold water, dried in a 
vacuum, and dissolved in ethyl alcohol (10 c.c.); the solution was 
poured into cold water (200 c.c.). After repetition of this procedure 
and drying, the substance had m. p. 140° and did not depress the 
m. p. (140°) of an authentic specimen of aldomedon. Yield, 0-31 g. 
(Found: C, 70-4; H, 8-4. Cale.: C, 70-6; H, 8-5%). 

Fermentation of Lactic Acid. Detection of Ethyl Alcohol.—A 
sterile solution of 50 g. of lactic acid (as calcium salt) in 2500 c.c. of 
solution M was inoculated and incubated at 26° for 28 days. The 
whole of the solution was then distilled, and the distillate oxidised 
as described above. A portion of the distillate from the oxidation 
mixture gave a positive colour test for acetaldehyde by Rimini’ 
method (loc. cit.). Treatment of the rest of the distillate with 
dimethyldihydroresorcinol gave a very small amount of a crystalline 
precipitate, insufficient for analysis. It had m. p. 138-5° when 
alone and 139° when in admixture with an authentic specimen of 
aldomedon (m. p. 140°). 


The authors’ thanks are offered to Dr. F. L. Pyman, F.R.S., who 
gave every facility for the carrying out of this work, to Dr. F. 
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(Challenger for a valuable suggestion relative to the character- 
sation of lactic acid, and to the Research Fund Committee of the 
Chemical Society for a grant which defrayed part of the cost. 
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CX.—A New Synthesis of 4-Amino-3-hydroxy- 
phenylarsinic Acid. 


By IstporE ELKANAH BALABAN. 


THE ten isomeric aminohydroxyphenylarsinic acids have been 
prepared, for the most part by Fourneau and his collaborators 
(Ann. Inst. Pasteur, 1923, 37, 551; 1926, 40, 933), who have also 
examined their trypanocidal action on infected mice. 

The methods of preparing 4-amino-3-hydroxyphenylarsinic acid 
(C/T = 4; for definitions, see King and Murch, J., 1924, 125, 
2596) from 3-nitro-4-aminophenylarsinic acid (Benda, Ber., 1911, 
44, 3579) and from 5-aminobenzoxazolone (Cassella and Co., U.S.P. 
1,539,798-9) give poor yields, and attempts to use 2-methylbenz- 
oxazole and 2-nitro-5-aminophenol for the purpose have been 
unsuccessful. 

4-Amino-3-hydroxyphenylarsinic acid can, however, be readily 
prepared by the following series of reactions. The mixture of 
4-nitro- and 6-nitro-chloroacetanilides obtained by the nitration 
of m-chloroacetanilide, on hydrolysis with 25° sulphuric acid, 
gives the corresponding chloronitroanilines, which are readily 
separable by means of their difference in basicity. 3-Chloro-4-nitro- 
aniline undergoes the Bart-Schmidt reaction to give 3-chloro-4- 
nitrophenylarsinic acid in 45°% yield, and this acid, on boiling 
with 25% aqueous sodium hydroxide, furnishes 4-nitro-3-hydroxy- 
phenylarsinic acid, which on reduction with glucose yields 4-amino-3- 
hydroxyphenylarsinic acid. 

3-Chloro-6-nitrophenylarsinic acid, prepared from 3-chloro-6- 
nitroaniline, undergoes dearsenication on treatment with alkali, 
p-nitrophenol being formed. 3-Chloro-6-aminophenylarsinic acid, 
obtained from it by reduction, has been briefly described by Benda 
(Ber., 1909, 42, 3622); when heated with chloroacetamide on the 
water-bath, it gives 6-glycineamide-3-chlorophenylarsinic acid. 

Attempts to prepare the corresponding arsinic acids from 2 : 3-di- 
nitro-4-aminophenol, 2 : 4-dinitro-3-aminophenol and 4-aminopyro- 
catechol by the Bart-Schmidt reaction were unsuccessful. 

The following results (mg./g. of mouse) were obtained in experi- 
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ments on mice infected with Trypanosoma equiperdum ; the adiminis- 
tration was intravenous (7), subcutaneous (s), or oral (0). 

Phenylarsinic acids. 
4-Amino-3-hydroxy-(¢) 
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Arsenobenzenes. 
4: 4’-Diamino-3 : 3’-dihydroxy-(o) 
4-Amino-4’-acetamido-3 : 3’-dihydroxy-(0) ... 
4: 4’-Diacetamido-3 : 3’-dihydroxy-(o) 
3 : 4’-Diamino-4 : 3’-dihydroxy-(o) 
3 : 4’-Diacetamido-4 : 3’-dihydroxy-(o) 


EXPERIMENTAL. 


3 - Chloro - 4 - nitrophenylarsinic Acid.—3 - Chloro - 4 - nitroaniline 
(51-75 g.) was ground with concentrated hydrochloric acid (103-5 c.c.) 
and water (103°5 c.c.), diazotised at 0° (sodium nitrite, 21 g.; water, 
63 c.c.), and added to copper arsenite solution (Lewis and Cheetham, 
J. Amer. Chem. Soc., 1921, 43, 2119). The mixture was stirred for 
3 hour and then heated for } hour at 60°, and the filtered liquor 


was acidified (Congo-paper) with concentrated hydrochloric acid. 
The crystalline acid obtained (37-5 g.; yield, 45:0%) separated 
from 2N-acetic acid in long, irregular, pale yellow, anhydrous 
prisms, decomp. 200°, sparingly soluble in cold water, soluble in 
alcohol (Found: As, 27-1; N, 49; Cl, 12:9. C,H;,O;NClAs 
requires As, 26-7; N, 5-0; Cl, 126%). The barium salt forms 
prismatic rods; the calciwm and magnesium salts are amorphous. 

4-Nitro-3-hydroxyphenylarsinic Acid.—A solution of 28-2 g. of 
the preceding acid in 4/V-potassium hydroxide (300 c.c.) was boiled 
under reflux for 3 hours, filtered hot, and acidified with concen- 
trated hydrochloric acid (Congo-paper). The crystalline acid 
obtained (19-2 g.; yield, 73%) separated from glacial acetic acid 
in pale yellow, anhydrous needles, sparingly soluble in water but 
readily soluble in alcohol (Found in substance dried at 100°: As, 
28-3; N, 54. C,H,O,NAs requires As, 28:5; N, 53%). The 
magnesium salt is microcrystalline and the barium salt forms minute 
rods. 

This acid (49 g.), dissolved in a hot solution of sodium hydroxide 
(52-5 g. in 175 c.c. of water), was reduced by glucose (42 g. in 140 c.. 
of hot water) to 4-amino-3-hydroxyphenylarsinic acid (Benda, Jo. 
cit.), which was isolated (30 g.; yield, 68%) after acidification, 
treatment with charcoal, filtration, and addition of solid sodium 
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acetate. This acid crystallises from 2N-acetic acid in small, 
hexagonal, anhydrous prisms (Found: As, 31:7; N, 5-9. Cale.: 
As, 32:2; N, 6-0%). 

The following arsenobenzenes, which are all yellow, amorphous 
powders and are all soluble in sodium hydroxide solution, were 
prepared at 55—60° by the well-known hydrosulphite method 
from the respective phenylarsinic acids or from mixtures of two 
of them. Bertheim (Chem. Zig., 1914, 38, 756) has shown that 
when two different arsinic acids (1 mol. of each) are so reduced, a 
mixed arsenobenzene is obtained. The first three arsenobenzenes 
form soluble hydrochlorides: 4 : 4’-Diamino-3 : 3’-dihydroxy- 
arsenobenzene (Benda, loc. cit.) (yield, 45%) (Found in material 
dried over sulphuric acid: As, 39-6. Calc.: As, 41-0%). 

4-Amino-4'-acetamido-3 : 3’-dihydroxyarsenobenzene (yield, 49%) 
(Found: As, 35-2. C,,H,,0,N,As, requires As, 36-8%). 

3: 4'-Diamino-4 : 3’-dihydroxyarsenobenzene (yield, 43-7%) (Found : 
As, 39-9. C,.H,,0,N,As, requires As, 41-0%). 

4: 4'-Diacetamido-3 : 3'-dihydroxyarsenobenzene (yield, 37:5%) 
(Found: As, 32-0. C,,H,,0,N,As, requires As, 33-3%). 

3 : 4’-Diacetamido-4 : 3’-dihydroxyarsenobenzene (yield, 406%) 
(Found: As, 32-4. C,,H,,0,N,As, requires As, 33-3%). 

4-Acetamido-3-hydroxyphenylarsinic acid, which has also been 
prepared by Benda (Ber., 1914, 47, 995), was obtained (yield, 
94:5) in almost colourless, diamond-shaped plates on acidification 
of an alkaline solution of the acid. It is almost insoluble in hot 
water and alcohol and very sparingly soluble in 50% acetic acid, 
but is readily soluble in cold 80% formic acid (Found: As, 27-4; 
N, 5-1. Cale.: As, 27-4; N, 5:1%). The magnesium salt is amor- 
phous and the sodiwm salt crystallises in fine colourless needles 
from alcohol. 

2 - Nitro - 4 - acetamido - 3 - hydroxyphenylarsinic acid, prepared 
according to Benda, crystallises from much boiling water in long, 
red, glistening, hexagonal, anhydrous prisms, and from glacial 
acetic acid, in which it is sparingly soluble, in rods. It is moderately 
easily soluble in alcohol (Found: As, 23-1; N, 8-4. Cale.: As, 
23-4; N,8:7%). The calcium salt crystallises in bunches of needles ; 
the magnesium and barium salts are amorphous. 

2-Nitro-4-amino-3-hydroxyphenylarsinic acid, obtained according 
to Benda (loc. cit.), crystallises from water, in which it is appreci- 
ably soluble, in long, red, glistening, boat-shaped plates; these, 
on drying at 100°, change to a brown monohydrate, the water in 
which is not lost at 110° (Found in material dried at 110°: As, 
25:1; N, 9:8. C,H,O,N,As,H,O requires As, 25-3; N, 9-5%). 
It is soluble in alcohol and moderately easily soluble in glacial 
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acetic acid, from which it crystallises in small prisms. The mag- 
nesium salt is amorphous when precipitated from an ammoniacal 
solution of the acid. 

2-Amino-4-acetamido-3-hydroxyphenylarsinic Acid.—The _ nitro- 
acetamidohydroxy-acid described above (22 g.) was reduced at 
30° by ferrous sulphate according to Jacobs, Heidelberger, and 
Rolf (J. Amer. Chem. Soc., 1918, 40, 1581), 14-6 g. (yield, 73-8%) 
of crystalline material being obtained. The acid crystallises from 
boiling water (solubility, 1 in 22) in long, colourless, rectangular, 
anhydrous prisms (Found: As, 26:1; N, 9-7. C,H,,0;N,As 
requires As, 25-9; N, 9-6°%). It is soluble in excess of 2N-hydro- 
chloric acid, readily soluble in cold 80% formic acid, moderately 
easily soluble in glacial acetic acid, but almost insoluble in alcohol. 
On treatment with nitrous acid it gives an insoluble diazo-oxide, 
which crystallises in yellow, quadrilateral plates and does not 
couple with sodium -naphthoxide. The calcium salt is micro- 
crystalline and the magnesium salt amorphous. 

2 : 4-Diacetamido-3-hydroxyphenylarsinic acid, prepared from the 
above by acetylation in alkaline solution with acetic anhydride, 
crystallises from 2N-acetic acid, in which it is moderately easily 
soluble, in clusters of colourless, silky, anhydrous needles (Found : 
As, 23-1; N, 8-8. Cj, >H,,0,N,As requires As, 22-6; N, 8-4%). 

3-Chloro-6-nitrophenylarsinic acid was obtained from 3-chloro-6- 
nitroaniline by the Bart-Schmidt reaction (yield, 64:1%). It 
crystallises from water in anhydrous rods which shrink at 240° 
and melt at 250° (Found: As, 27-1; N, 4:8. C,H;O;NCIAs re- 
quires As, 26-7; N, 48%). It is very sparingly soluble in glacial 
acetic acid, crystallising therefrom in long, colourless, rectangular 
prisms, and soluble in hot alcohol. The magnesium salt is amor- 
phous. 

On reduction with ferrous sulphate the acid gives an almost 
quantitative yield of 3-chloro-6-aminophenylarsinic acid (compare 
Benda, Ber., 1909, 42, 3622). This acid crystallises from water, 
in which it is moderately easily soluble, in long, colourless, rect- 
angular, anhydrous prisms (Found: As, 30-0; N, 5-4. Calc.: 
As, 29-8; N,5-6%). It is soluble in cold concentrated hydrochloric 
acid; the solution develops a bright red colour on diazotisation 
and treatment with sodium $-naphthoxide. The acid is readily 
soluble in 80% formic acid and sparingly soluble in alcohol and 
glacial acetic acid; it crystallises in clusters of needles from the 
last-mentioned solvent. The calcium salt forms rosettes of needles 
and the barium salt is amorphous. 

3-Chloro-6-acetamidophenylarsinic acid, obtained on acetylation 
of the preceding acid, crystallises from water (solubility, 1 in 15) 
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in long, colourless, rectangular prisms (yield, 57-5%) (Found: 
As, 25-6; N, 5-1. CgH,O,NClAs requires As, 25-5; N, 4-8%). 
It is fairly readily soluble in glacial acetic acid and almost insoluble 
in alcohol. The magnesium salt is microcrystalline. 

6-Glycineamide-3-chlorophenylarsinic Acid.—3-Chloro-6-amino- 
phenylarsinic acid (5 g.) in 2N-sodium hydroxide (15 c.c.) was heated 
on the water-bath for 2 hours with chloroacetamide (1-9 g.); on 
acidification, 5-3 g. (yield, 81-0°%) of product were obtained. This 
acid dissolves to the extent of 1 part in 30 parts of boiling water 
and ecrystallises in fine, anhydrous needles, m. p. 195° (decomp.) 
(Found: As, 24-3; N, 9-0. C,H,)0,N,ClAs requires As, 24:3; N, 
91%). It is moderately easily soluble in glacial acetic acid and 
readily soluble in alcohol. The magnesium salt is microcrystalline 
and the calcium salt crystallises in glistening plates. 
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CXI.—An Examination of a Method of Estimating 
Iron and Sulphur in Sulphides of Iron. 


By Percy Lucock Rosinson, LEONARD ALFRED SayYce, and 
JAMES STEVENSON. 


Ir has been stated that neutral aqueous copper sulphate solution 
dissolves the whole of the iron from iron sulphides (Wright, J., 1883, 
43, 162), and an analytical procedure based upon this statement 
has been described (Weyman, Gas J., 1920, 310) whereby the 
unweighed iron sulphide is treated with warm aqueous copper 
sulphate, iron is determined in the filtrate, and sulphur is estimated 
indirectly in the residue by dissolving it in nitric acid and pre- 
cipitating copper electrolytically. As such a method appeared 
to be of value in connexion with another research (see following 
paper), it was re-examined because there appeared to be two possible 
sources of error: (1) it is always difficult to secure complete con- 
version of one solid into another by the above means, and (2) it is 
not impossible that free hydrogen sulphide might exist in presence 
of copper sulphate. 

Moist ferrous sulphide, prepared by precipitating slightly acid 
aqueous ferrous sulphate with a freshly made solution of ammonium 
monosulphide, and giving on analysis a ratio Fe: S = 55-8: 32-1, 
was treated in a series of experiments with 30 c.c. of cold 10% 
aqueous copper sulphate solution with or without the addition of 
sulphuric acid. The mixture was heated slowly to 100° in a water- 
bath and digested at that temperature for 2 hours. The residual 
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solid was then filtered off and washed; and its copper was deter- 
mined electrolytically and iron gravimetrically, with the results 
shown in the table. 
H,SO, (g. %TotalS %TotalS % TotalS 
per 100 c.c. FeS taken, converted unconverted unaccounted 
of soln.). g. into CuS. into CuS. for (by. diff.). 
0-1370 86-96 16-87 — 3-83 
0-1406 80-63 19-96 — 0-59 
0-1875 73°41 4:64 21-95 
0:1298 69-53 7-12 23°35 
0-0825 84:37 4-53 11-10 
0-2132 69-36 7:07 23°57 
0-2320 69-63 8-73 21-64 
0-2623 65-67 3°02 31-31 

It will be seen that up to 85% of the sulphur present forms cupric 
sulphide, but that the conversion is greatly retarded by acid even 
at relatively low concentrations. The sulphur unaccounted for is 
small at low acid concentrations (and even negative in the absence 
of acid, probably owing to the formation of insoluble basic copper 
salts), but increases with increasing acid concentration to about 
10—30%. Addition of ammonia to the acid filtrate produced a 
considerable black precipitate, whence it appears that the missing 
sulphur was probably present in solution as hydrogen sulphide 
through displacement to the left of the equilibrium: H,S + 
CuSO, == CuS + H,SO,. The evolution of hydrogen sulphide 
was not detected during the course of any of these experiments. 

A further series of experiments on fused ferrous sulphide, in the 
form of a fine powder passing a 200-mesh sieve, showed that in the 
absence of free acid there was very little reaction between the 
sulphide and the copper sulphate solution, and that with varying 
concentrations of acid results both low in sulphur and discordant 


amongst themselves were obtained. 
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CXII.—The Reaction between Monohydrated Ferric 
Oxide and Hydrogen Sulphide at 100°. 


By Tuomas Gipson Parson and Percy Lucock Rosinson. 


THERE exists a considerable literature on the production of ferric 
sulphide by wet methods and on the use of oxides of iron and other 
metals for purifying coal gas, but little work has been done on the 
simple reaction concerned. As it has nowhere been summarised, 
the following brief résumé is given. 
The earlier workers found that the product of the reaction of 


vari 
hydi 
3331 
ence 
334) 
Al 
422) 

of m 
chan 
disul 
collo 
chlor 
salt. 


FERRIC OXIDE AND HYDROGEN SULPHIDE AT 100°. 815 


hydrogen sulphide on hydrated ferric oxide contained more sulphur 
than does ferric sulphide (Deiche, J. Gasbel., 1868, 106; Cox, 
ibid., 1869, 584; Brescius, ibid., 1869, 62), its exact nature 
being uncertain ; Wright (J., 1883, 43, 156) regarded it as a mixture 
of ferrous and ferric sulphides with free sulphur; Gedel (J. Gasbel., 
1905, 48, 400, 432) reported that in alkaline conditions it was wholly 
ferric sulphide, whilst in acid conditions it was a mixture of the 
mono- and di-sulphides with free sulphur; and Allen, Crenshaw, 
Johnston, and Larsen (Z. angew. Chem., 1912, 76, 215) found it 
to be a mixture of ferrous sulphide and sulphur, the former being 
completely soluble in cold dilute hydrochloric acid after the sulphur 
had been extracted with ammonium polysulphide. Using a suspen- 
sion of ferric hydroxide in water and excluding air, Mecklenburg 
and Rodt (Z. anorg. Chem., 1918, 102, 130) identified the dried pro- 
duct as ferric sulphide, which was pyrophoric if suddenly exposed 
to air but could be stabilised by treatment with carbon dioxide 
and then gained weight slowly in air, rather by absorption of 
moisture than by oxidation. After this treatment the material 
yielded a considerable amount of sulphur on extraction with carbon 
disulphide, and 31% of the residue was insoluble in dilute hydro- 
chloric acid, whereas the original product contained but 2% of 
extractable sulphur and was wholly decomposed by acid, yielding 
2FeCl, + 2H,S +8. Most of these workers agree in finding 
about 2% of free sulphur in the product. 

The reactivity of ferric hydroxide towards hydrogen sulphide 
varies with the temperature (between 100° and 800°) at which the 
hydroxide has been dried (Weyman, J. Soc. Chem. Ind., 1918, 37, 
333T), and this variation has been explained in terms of the differ- 
ence in molecular state (Nicolardot, Ann. Chim. Phys., 1905, 6, 
334). 

An attempt has been made (Rodt, Z. angew. Chem., 1916, 92, 
422) to explain these varying results by (i) the ready conversion 
of moist ferric sulphide to oxide and free sulphur by air; (ii) the 
change of ferric sulphide into a mixture of ferrous sulphide and iron 
disulphide on standing ; (iii) the possible formation of water-soluble 
colloidal sulphur when ferric sulphide is dissolved in dilute hydro- 
chloric acid, which would cause it to be mistaken for the ferrous 
salt. It seems probable, however, that differences arise chiefly 
because the course of the reaction actually varies in different experi- 
ments, and the few analyses recorded have been insufficient to 
exhibit the variation fully or to establish an average course for the 
reaction. 

The most serious attempt to investigate the reaction appears to 
be that of Wright (Joc. cit.), who prepared pure monohydrated ferric 
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oxide, treated it at laboratory temperature with pure hydrogen 
sulphide, and dried the product in hydrogen at 100°. In nine runs 
the increase in weight on sulphidation was estimated, and the water 
produced was collected and weighed. In four of these cases the dry 
solid residue was also analysed : it was black, intensely pyrophoric, 
soluble in hot aqueous potassium cyanide, and completely decom- 
posed by aqueous cupric sulphate or silver nitrate solutions (com- 
pare Robinson, Sayce and Stevenson, preceding paper). Wright's 
data for the ‘‘ sulphide ’’/hydroxide ratio and the percentage con- 
version to ‘‘ sulphide’’ calculated therefrom are given in Cols. 2 
and 3 (a) of Table I, but these conversions are open to doubt, for 
those now calculated from the total increase in weight of the reaction 
tube and drying tube [Col. 3 (b)] are much smaller and..more 


variable. 
TABLE I. 
% Oxide converted, as calculated 
j from 
“* Sulphide ”” —~ % Sin 
Run. Hydroxide (a) ratio. (6) total increase. ‘‘ sulphide.” 

6 1-167 100-4 717-5 a 
2 1-163 100-0 92-5 43-78 
3 1-158 99-6 86-5 40-05 
1 97-6 86:1 — 


From the foregoing data and from determinations of free sulphur 
(in four cases) Wright concluded that there were two reactions, (A) 
Fe,0,,H,0 —>Fe,S, + 4H,0, and (B) Fe,03,H,0 —>2FeS + 8 + 
4H,O, the second applying to 17—30% of the hydrated oxide. 

Evidently the subject needs further investigation, but the inquiry 
is complicated by the difficulty of carrying the reaction to completion, 
by the complex nature of the product, and by secondary reactions in, 
and possibly between, the substances primarily produced. It 
seemed probable that the course of the reaction varies within certain 
limits, and that the best method of attack would be repeated 
sulphidation and analysis. 


with hydrogen sulphide at laboratory temperature or at 100° in 
about 50 distinct runs, the ratio “‘ sulphide ’’/hydrated oxide being 
computed in each case. Qualitative tests were made on the “ sulph- 
ide’’ to determine its properties, but the main part of the work 
consisted in estimating, in the product produced at 100°, one or 
other of the following : (1) the total iron and sulphur, (ii) the sulphur 
soluble in carbon disulphide, (iii) the material insoluble in 10% 
hydrochloric acid, (iv) the material insoluble in boiling saturated 
aqueous potassium cyanide, (v) the sulphur liberated by 10% 
hydrochloric acid. The results disclose an unexpected variation 
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in the course of the reaction, which may explain the discrepant 
results of earlier workers; nevertheless, the mean values derived 
from analytical data may serve to indicate the probable nature and 
extent of the fundamental reactions involved. 


ExPERIMENTAL. 


Materials and Apparatus.—The hydrated oxide was prepared by 
diluting a solution of basic ferric chloride, free from metallic impuri- 
ties, in hydrochloric acid with distilled water so that the concen- 
tration of acid was about 10°, and adding this solution with stirring 
to cooled aqueous ammonia, free from carbonate and organic impuri- 
ties. The precipitate was separated from the supernatant liquor, 
repeatedly washed by decantation with 5% aqueous ammonia, 
collected on a Buchner funnel, and washed several times with large 
quantities of distilled water. The drained hydroxide was then dried 
at 100° for 4—5 days. Two lots of material were prepared [Found : 
Fe,Oz, (1) 88-41, (2) 89-17. Cale. for Fe,0,,H,O0: Fe,0,, 89-87%]. 
Neither preparation contained more than a trace of volatile material 
other than water. As such oxides are distinctly hygroscopic, they 
were preserved in stoppered bottles kept in a desiccator. Before 
bottling they were ground and sieved (150—200 mesh). 

The hydrogen sulphide, prepared by the action of hydrochloric 
acid on ferrous sulphide, was washed with water in three Drechsel 
bottles, and dried by passage through a large, wide bottle, contain- 
ing fused calcium chloride, and a tower filled with the same material. 
The hydrogen, prepared from arsenic-free zinc and hydrochloric 
acid, was washed with water in three Drechsel bottles, and dried 
by passage through a tower packed with calcium chloride and 
through about 3 feet of glass tubing containing a liberal supply of 
phosphorus pentoxide spread on glass wool. 

The two gas trains, which were strictly air-tight, met in a Y-piece 
of glass, with taps on two of the limbs; the gases passed via the third 
limb to the reaction tube, a U-tube with tap-stoppers, and thence 
through a length of glass tubing to a bubbler containing water, 
which marked their passage and prevented backward diffusion of 
air. The procedure consisted in washing out each train thoroughly 
with its respective gas, cleaning and drying the U-tube, slightly 
greasing its stoppers, sweeping it free from air with hydrogen and 
weighing it, charging the tube with oxide by means of a dry funnel 
which was not_allowed to touch the tap-grease, and, finally, again 
sweeping with hydrogen and weighing. Hydrogen was then passed 
for upwards of 45 minutes to ensure the complete removal of the air 
admitted to the third limb of the Y-tube and the connecting tubes 
during the last operation. This was followed by the passage of 
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hydrogen sulphide, the reaction tube being kept in constant motion 
during the first 4 hour, to minimise the caking of the material. 
From this point the procedure varied and is given below. 

The Reaction at Laboratory Temperature, producing a Hydrated 
Sulphide.—During runs 5—8 (Table II) the reaction tube was 
suspended in a beaker of water at laboratory temperature, and the 
product dried by passing hydrogen for the time stated. As the 
calculated ratio Fe,S,/Fe,0,,H,O is 1-170, the ratios observed, which 
were substantially unchanged by the passage of dry hydrogen over 
a long period, suggest that a hydrated sulphide was produced; 
this idea is supported by the fact that water was at once evolved 
when the temperature was raised to 100°. The data for the ratio 
of ‘“‘sulphide’’ to water liberated are too variable to show the 
formula of the hydrate, and it is not known in what proportion the 
various sulphides are present, or how much, if any, of the liberated 
water is derived from unconverted oxide which has suffered further 
hydration by the moisture produced in the reaction. (This matter 
is receiving further attention, and an attempt is being made to 
isolate the hydrate.) Runs 9—15 indicated that the degree of 
conversion may be very variable, and this was borne out by runs 
16—22 (not shown), where the product produced in precisely the 
same way was far from uniform in each case, and gave values for 
sulphur varying from 43% (almost Fe,S,) to 20% in different runs. 
It is believed that this was due principally to protective caking of 
the product by the water produced, and that under these conditions 
a material of uniform composition could not be attained. The 
authors are unable to account for the serious discrepancy between 
these results and those of Wright (loc. cit.), and of Weyman (loc. cit.), 
who reports a conversion into material of the composition of ferric 


sulphide. 
TABLE IT. 


Oxide H,S H, | _ Sulphide ~ 
(g.). (hours). (hours). (hours). Oxide 

2-3260 p 

2°3437 

51543 

2-4509 

1-7499 . : 1-165 

1-2900 . : 1-160 

2-4066 . . 1-091 

1-9096 . : 1-102 

3°0327 2 ( : : 1-124 

1-6252 : . 1-072 

1-:0704 °2 ° 1-068 


The Reaction at 100°.—In the following runs the reaction was 
carried out at 100° by immersing the U-tube in boiling water. 
After the tube had been charged and the air removed as described 
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above, hydrogen sulphide was passed for 3 hours, followed by dry 
hydrogen for 30 minutes. The product, although not actually 
pyrophoric, usually became hot on exposure to air and increased 
in weight sufficiently to vitiate analysis. Dry air was therefore 
passed over it for 30 minutes in order to stabilise the weight, and 
the tube was then filled with hydrogen and reweighed. Thus the 
amount of the unoxidised “‘ sulphide’’ could be computed. The 
sulphide was analysed for iron by weighing the ferric oxide left on 
ignition to constant weight, and for sulphur by oxidation to sulphate 
and weighing as barium sulphate. Oxidation was effected by both a 
dry and a wet method : (1) About 0-35 g. of sulphide was intimately 
mixed with fusion mixture and potassium nitrate in a platinum 
crucible, covered with a further quantity of these materials, 3 g. in 
all of each being used, and the upper edge of the crucible was gently 
heated until reaction began; when reaction had apparently ceased, 
the temperature was raised sufficiently to keep the mixture molten for 
about 15 minutes. (2) In the wet method fuming nitric acid and 
bromine were used. The results by the two methods were in 
excellent agreement. The dry method was tested on pyrites and on 
laboratory monosulphide; with the former it gave excellent results, 
but for the latter it was practically useless. In all cases blanks were 
carried through on the materials used. 


TABLE ITI. 

Oxide ‘‘Sulphide’”’ Feinsul- Sinsulphide,% Fe+S, 
(g.). Oxide ~* phide, %. (found, and mean). %.. 
1-1819 1-167 53-98 42-74, 42-91; 42-83 96-81 
1-0553 1-151 54:95 40-72, 39°96; 40-34 95-29 
1-3369 1-171 53-78 43-51, 43°35; 43-43 97-21 
1-3297 1-167 53-32 42-10, 41:51; 41-81 95:13 
1-2958 1-177 53-06 43°75, 42:25; 43-00 96-06 
1-1539 1-173 53-96 42-53, 39-29; 40-91 94-87 
0-9349 (1-213) 52-06 43-40, 43-40; 43-40 95-46 
0-5224 (1-191) 52-78 43-16, 43-06; 43-11 95-89 
0-7654 1-163 52-64 41-20, 42:12; 41-66 94-30 
Mean 1-167 * 53-39 42:28 95-67 
O + H,0 (by diff.) = 4-33 


* Nos. 30 and 31 are omitted because of a short drying period. 


Table III shows that the ratio ‘‘ sulphide ’’/oxide is much more 
constant than that found previously, and, though variations of about 
3% may be found in one sample of sulphide, its composition is much 
more uniform. The total sulphur and iron are 3—5% below 100% : 
this is probably due to incomplete conversion and to the retention 
of some water by the material. It is, however, clear that the pro- 
cedure employed above gives a readily reproducible product of 
reasonably uniform composition. 

Sulphur Soluble in Carbon Disulphide.—After the ratio ‘‘sulphide”’ / 
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oxide had been determined, the U-tube was again attached to the 
train and, with hydrogen passing, the stop-cock farthest from the 
source of hydrogen was taken out and the tap-grease removed from 
the mouth of the tube with a cloth moistened with ether. A cork 
carrying a tap-funnel was now fitted to the tube, and 20 c.c. of 
carbon disulphide (thrice-distilled material, without objectionable 
odour, and leaving no residue on evaporation) were run in and 
allowed to stand thus, with frequent shaking, for 1 hour. The 
solution was carefully decanted through an ashless filter-paper, and 
the residue was similarly treated with two further lots of solvent. A 
positive pressure, or a stream, of hydrogen, according to circum- 
stances, prevented ingress of air during the whole operation. The 
extracted residue is pyrophoric when dry. The combined filtrates 
were evaporated to dryness and the sulphur estimated by weighing, 
or by conversion to barium sulphate, or both. Table IV gives the 
results, and shows that sulphur was produced in each run, and as 
this might have been due to atmospheric oxygen retained by the 
hydrated oxide, in runs 52 and 53 the hydrogen used to displace the 


TasBLE IV. 
“ Sulphide ” S sol. in CS, 
Oxide (g.). Oxide in ‘‘ sulphide,” %. 
0-7806 1-200 1-93 
0-7912 1-159 2-52 
0-6633 1-167 2-41 
0-8991 1-174 2-53 
1-3796 1-168 1-96 
0-4532 1-150 3°17 
0-2895 1-140 2-55 
Mean 2-44% 


air was passed for 3 hours, instead of the usual 45 minutes, in order 
to reduce the residual oxygen to a minimum, but this did not 
diminish the yield of sulphur. 

Material Insoluble in 10°/, Hydrochloric Acid (Iron Disulphide).— 
The acid, about 20 c.c., was added exactly as described for carbon 
disulphide. The tube, with both stop-cocks removed, was then 
immersed above the acid level in a beaker of boiling water and gently 
shaken until gas ceased to be evolved. The residue was completely 
transferred to a filter-paper, well washed with warm 10%, hydro- 
chlorie acid, and finally ignited to ferric oxide. Analysis of this 
residue in a number of cases (after its extraction with carbon disulph- 
ide, see below) showed it to be entirely due to the iron disulphide 
present in the product, and results calculated on this assumption 
are given in Table V; the values vary considerably, but they tend 
to be about 7%. 
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TABLE V. 
Eee Sa FeS,, calc. from Fe,O; 
Oxide “Sulphide” (as % of “ sulphide ” s 
(g-). i . in each case). liberated. 
0-2716 . “RS 6-80 
0-4135 ° : 6-49 
0-1777 ‘ . 14-03 
0-2512 : . 7-07 
0-3397 : . 4-30 13-46 
0-7405 . : 12-99 12-49 
0-7657 . . 479 13-20 
0-4532 . . 7-44 
0-2895 . . 6-57 13-40 
7:83 13-14 


Material Insoluble in Concentrated Potassium Cyanide Solution 
(Iron Disulphide and Unchanged Hydrated Oxide).—Saturated 
potassium cyanide solution was added to the “sulphide”’ by the 
same means and with the same precautions as above. The tube was 
well shaken, its contents were transferred to a beaker containing 
a further 200 c.c. of solution, and the liquid was gently boiled for 
6 hours. It was then diluted, and the residue collected on a filter- 
paper, well washed, and ignited to ferric oxide. No definite inform- 
ation was found in the literature as to the solubility of the various 
sulphides in potassium cyanide solutions, but a reinvestigation showed 
that whilst ferrous and ferric sulphides dissolved, iron disulphide was 
apparently insoluble under the conditions of the experiment. Thus 
itis assumed that the residue contained only the unaltered hydrated 
oxide and the disulphide previously shown to be present. 


TaBLeE VI. 


“Sulphide” Fe,O, as % of 
Run. Oxide (g.). Oxide ** sulphide.” 

0-2510 1-171 6-84 
0-7283 1-144 9-87 
0-2830 1-168 18-19 
0-6942 1-169 8-78 
1-0920 1-121 9-15 
0-2904 1-127 19-44 
0-1967 1-168 11-24 

Mean 11-93 


Table VI gives the weight of the ferric oxide (expressed as a per- 
centage of the ‘‘sulphide”’) resulting from the ignition of the 
residue, and it is obvious that the mean value is about twice the 
mean value of the same oxide in Table V, the difference of 6-72% 
Fe,0, being ascribed to 7-48% of unaltered Fe,0,,H,O. Again, the 
products of various runs differ considerably, probably because of 
variation in the proportion of disulphide rather than in the un- 


attacked hydrated oxide. 
EE2 
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Sulphur Liberated on Dissolution of ‘‘Sulphide”’ in Hydrochloric 
Acid.—It has already been pointed out that there was no evident 
liberation of sulphur when the products were treated with 10% 
hydrochloric acid, but the black residue was more bulky than would 
be anticipated from the comparatively small amounts of oxide left 
after ignition. When washed with pure alcohol and ether, to remove 
water, and then extracted with pure carbon disulphide, it yielded 
sulphur, which was estimated by weighing and by conversion into 
barium sulphate. The results are given in the last column of 
Table V, and it is evident that they include in each case the “ free ” 
sulphur mentioned in Table IV. They appear to be remarkably 
concordant when compared with the figures for disulphide plus 
unchanged material; it is indeed possible that the variation which 
does exist is brought about by variation in “ free ’’ sulphur present 
before the addition of hydrochloric acid. When this “free” 
sulphur is deducted the mean sulphur liberated becomes 10-70%, 
and from this one may calculate the percentage of ferric sulphide 
to be 69-40% on the assumption that it yields 2FeCl, + 2H,S +8 
on treatment with hydrochloric acid. 


Discussion of Results. 


The black product of this reaction tends to oxidise when exposed 
to air, but is not pyrophoric until it has been extracted with carbon 
disulphide, indicating that the particles are coated with a film of 
free sulphur which, by preventing actual contact with air, gives the 
material an apparent stability. The ratio ‘‘ sulphide ”’ /oxide corre- 
sponds very closely with that required for a complete conversion 
into ferric sulphide (see Table ITI, where the oxide was fresh, the 
later discrepancies being due to the further hydration of the oxide); 
the material is partly soluble in dilute hydrochloric acid with the 
evolution of hydrogen sulphide, whilst the black residue contains 
sulphur extractable with carbon disulphide, although the super- 
natant liquid is free from the opalescence usually associated with the 
liberation of that element. There is evidence of considerable variation | 
in the course of the reaction, but its general nature may be deduced 
from the mean values shown above as set out in Table VII. The 
ferrous sulphide is calculated by assuming that the additional 3-56% 
sulphur required by the complete analysis of the material (see 
Table III; 53-39% of Fe requires 45-84% 8, as compared with 
42-28%) existed as this compound, and the moisture is obtained 
by deducting 2-78 (= 30 + H,O in 7-48% Fe,0,,H,0, see p. 821) 
from 4:33 (O + H,O in Table III). It will be seen that all but 
1-5% is accounted for, the discrepancy being thrown entirely on 
the iron by the method of calculation. 
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TaBLeE VII. 


% Fe. 


Free sulphur . “= 

Iron disulphide . . 3-65 
Ferric sulphide 39- 2: 37-30 
Ferrous sulphide . . 6-20 
Fe,0;,H,O unaltered . 4-70 


51-85 


Free sulphur is invariably found in this reaction under either dry 
or moist conditions; this has been ascribed by Wright (loc. cit.) 
to his reaction (B), and by Mecklenburg and Rodt (loc. cit.) to 
oxidation of hydrogen sulphide by residual adsorbed air. The 
evidence brought forward here supports the latter contention, for if 
Wright’s reaction takes place, 13-38% ferrous sulphide would be 
required for the free sulphur alone, and none would be left to 
balance the disulphide which is most probably produced by the 
decomposition of ferric sulphide: Fe,S,——> FeS, + FeS. The 
7:83% disulphide requires 5-74°% ferrous sulphide for equimolecular 
proportions, and thus the total ferrous sulphide required would be 
of the order of 19-12%. The conclusions are that (1) the free sulphur 
is due to oxygen adsorbed on the surface of the oxide, which appears 
to be unreduced by long washing with hydrogen, (2) the primary 
reaction leads to the production of ferric sulphide, and (3) some 
ferric sulphide decomposes with the formation of equimolecular 
proportions of disulphide and monosulphide. The discrepancy in 
the ratio of disulphide to monosulphide is probably due to the 
slight solubility in acid of the former when in a finely divided 
condition. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
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CXIII.—The Catalytic Hydrogenation of Different 
Types of Unsaturated Compounds. Part II. 
The Hydrogenation of Conjugated Systems. 


By Seravey V. LEBEDEV and ANnasToRIA O. YAKUBCHIK. 


THE simplest example of a conjugated system is afforded by divinyl, 
CH,-CH-CH:CH,; if any of the hydrogen atoms are replaced, 
the properties of the derivative depend upon the number, position, 
and character of the substituents introduced. One of us (Lebedev, 
J. Russ. Phys. Chem. Soc., 1913, 45, 1249) has shown how the 
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nature and position of the different substituents affect the 
tendency to polymerisation, and in this communication a study is 
made of their influence on the catalytic hydrogenation of the 
derivatives. The addition of hydrogen in the presence of metallic 
catalysts has substantial advantages over the usual addition 
reactions, for a study of the hydrogenation curves enables con. 
secutive reactions to be differentiated and selective catalysis to 
be detected. 

We have studied the hydrogenation of more than a dozen sub. 
stances containing conjugated systems, and have noted three 
different types of reaction. 

Type I. This, the simplest type, consists of two consecutive 
phases: (1) the addition of hydrogen exclusively in the 1:4 
position with formation of an ethylenic derivative ; (2) the addition, 
at a different rate, to the 2:3 double bond. The corresponding 
curve (Fig. 1) has two entirely separate sections, each representing 
the absorption of 1 mol. of hydrogen; it resembles the hydrogen- 
ation curve of a binary mixture of ethylenic substances of different 
degrees of substitution (see Part I; J., 1925, 127, 417), and the 
break corresponds to the complete consumption of one of the 
active components, for, by interrupting the process at this stage, 
we get a homogeneous product with a double linkage in the 
2: 3-position. Processes of this kind therefore agree with Thiele’s 
rule. To this type belong those substances in which all the four 
hydrogen atoms in the 1: 4-position of divinyl are replaced by 
aliphatic radicals, e.g., diisobutenyl, CMe,;CH-CH:CMe,. 

Type II. This is a very complicated type. The addition of 
hydrogen takes place in all the possible directions: 1:2, 3:4, 
and 1:4. This leads to the formation of two (for a symmetrical 
molecule) or three (for an unsymmetrical molecule) substances, 
containing only one double linking. The process is complicated 
by the simultaneous formation of fully saturated molecules. Thus, 
the hydrogenation curves of divinyl and of piperylene show three 
sharply separated sections, and the isoprene curve shows four. 
The curves of this type differ characteristically from those of the 
first type in that the end of the addition of the first mol. of hydrogen 
is not marked by any change in shape : this point does not coincide 
with a change in the number of the active components of the system. 
The change occurs considerably later : in the cases we have investig- 
ated, it corresponds to the addition of 68—77% of hydrogen (1-36— 
1-54 mols.) and to the consumption of the conjugated system. 

If the process is interrupted after the addition of 1 mol. of 
hydrogen, a mixture of four substances is obtained in the case of 
symmetrical molecules and of five in the case of unsymmetrical 
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ones. For instance, isoprene at this stage has produced 30% of 
isopentane, 12% of tsopropylethylene, 13% of as-methylethyl- 
ethylene, and 15% of trimethylethylene, 30% of isoprene being 
unchanged. Processes of this type do not follow the theory of 
Thiele. Of the substances we have investigated, the following 
belong to this type : divinyl, piperylene, ditsopropenyl, isoprene. 

Type III. We include this type in our review as a theoretically 
possible one, but we have not yet observed it, and possibly it is 
never completely realised. In this case, the addition of 2 mols. 
of hydrogen would take place simultaneously, or—what leads to 
practically the same result—the addition of 1 mol. is immediately 
followed by the much more rapid addition of a second. By inter- 
rupting the process at any time, a mixture of unchanged material 
and of completely saturated hydrocarbons should be obtained. 
The corresponding curves would show no break and would resemble 
those of simple ethylenic substances. 

Paal (Ber., 1912, 45, 2221) suggested that conjugated systems 
are always hydrogenated in this way, and sought confirmation of 
this by examining the products obtained after the addition of 
1 mol. of hydrogen to certain substances containing a conjugated 
system. He chose for this purpose piperine, piperinic acid, 
cinnamylidenemalonic acid and cinnamylideneacetone. We have 
studied the hydrogenation of piperinic acid and have found that 
the process does not belong to our third type, as supposed by Paal. 
Our results will be published later. 

In the three diagrams of Fig. 1, the percentages of hydrogen 
absorbed are plotted as abscissze, and the molecular composition 
of the mixture is given by the ordinates. The first and third types 
can be considered as distinct types; the second is a transition type, 
which includes any number of variations between the two limiting 
types. Jn all three cases, when 1 mol. of hydrogen has been added 
(50% hydrogenation) the number of unchanged (conjugated) molecules 
is equal to the number of fully saturated molecules. On the diagrams 
this is expressed by the fact that the line of the conjugated system 
and the line of the saturated compound cross each other at a point 
corresponding to 50% of hydrogen added. The continuation of 
the first line intersects the abscissa at a point A, which determines 
the moment when the whole conjugated system is consumed. We 
call this the critical point of the hydrogenation of a conjugated system. 
It is a characteristic point which determines fully the course of 
the process, and from a knowledge of its position it is possible to 
draw the complete diagram. Thus, it is seen from the diagram 
of Type II (Fig. 1) that the positions of the breaks B and C 
are determined by the condition (above) as to the two lines 
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crossing on the 50% ordinate, in conjunction with the following 
data : 


(1) Both points lie on the ordinate of the critical point A. 
(2) AB + AC = 100. 


The diagram of Type II shows A at 70% hydrogenation; this jg 
the case with isoprene, but the diagram equally represents the 
hydrogenation process of any conjugated system whose critical 
point corresponds to 70° of hydrogenation. 
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The point A may be determined by several means : 

1. Hydrogenation is carried up to 50%; the composition of 
the hydrogenation mixture is then found by determining the amount 
of any one of the three compounds, these amounts being connected 
by the relations a = b and c = 100 — a — b, where a is the con- 
jugated system, 6 the fully saturated compound, and ¢ the mono- 
ethylenic compound. The diagram is then constructed on the 
foregoing principles. 

2. In many instances the critical point is easily determined from 
the hydrogenation curves of the pure substance containing the 
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conjugated system and of its mixtures with different ethylenic 
substances ; this occurs if the critical point corresponds to a well- 
defined break in the curve (see below and Fig. 2). 

The three types we have dealt with comprise all the conjugated 
systems, but the classification of these systems will not be complete 
yithout including those cases in which | : 4-addition is not realised 
at all, the individual double linkings being hydrogenated inde- 
pendently. For the sake of completeness, we have gathered these 
cases into a special fourth type and we distinguish two varieties. 

Type 1V A. The double linkages differ in the degree of substi- 
tution, e.g., as in CHR:CH’CH:CRR’. In this case the linkages 
are hydrogenated at different rates. The hydrogenation curve has 
a break corresponding to the addition of 50% of hydrogen, at 
which stage a homogeneous monoethylenic product is formed. 
This case agrees in the shape of the curve and in the diagram with 
Type I, but differs fundamentally in that no 1 : 4-addition products 
areformed. The process does not follow Thiele’s rule. 

Type IV B. The linkings are equal in the degree of substitution, 
as in CHR:CH-CH:CHR’, in which case they are hydrogenated 
simultaneously. The curve has the shape typical of homogeneous 
monoethylenic substances. When the product of 50% hydrogen- 
ation is examined, it is found to be a mixture of diethylenic, mono- 
ethylenic, and fully saturated compounds. The diagram in this 
case is somewhat similar to that of Type II, but the two cases 
differ inasmuch as | : 4-addition products are now absent. 

In this paper we deal with the hydrogenation of isoprene. 


EXPERIMENTAL. 


The isoprene used was prepared by pyrogenetic decomposition 
of turpentine. The resulting isoprene and trimethylethytene were 
converted into their hydrobromides and isoprene dibromide was 
separated by fractional distillation, b. p. 80—82°/23 mm. The 
isoprene recovered by means of solid potassium hydroxide had 
b. p. 345°; d2° 0-6803; n?° 1-42207; [Rz]p 25-40 (Calc., 24-33; 
exaltation 1-07). 

The isoprene was hydrogenated in the apparatus described in 
Part I (loc. cit.), alcohol being used as solvent, and platinum black, 
obtained by the method of Willstatter (Ber., 1912, 45, 1471), as 
catalyst ; the bath temperature was in some tests 0°, and in others 
near to room temperature. The curves are plotted as in our former 
paper, the abscisse giving time intervals and the ordinates showing 
the number of c.c. of hydrogen absorbed per 4 minute. 

The hydrogenation of isoprene proceeds as shown in Curve 1, 
Fig. 3 (for details see Table IV, No. 2). The curve is horizontal 


828 LEBEDEV AND YAKUBCHIK : CATALYTIC HYDROGENATION OF 


up to 70—71% of the hydrogen necessary to saturate both the 
double linkages; in this section the velocity is uniform. The last 
30% of hydrogen is added in a very peculiar way, as shown on a 
larger scale in Fig. 2 (Table IV, No. 1), for which a large quantity 
of isoprene was used. At first the rate increases, and then it falls, 
showing two more or less horizontal sections. Thus the whole 
curve is divided into four parts, and it is obvious that isoprene 
is not hydrogenated at once to isopentane, but that it passes through 
a range of intermediate stages. The amounts of hydrogen absorbed 
in the different sections, as caleulated from Figs. 2 and 3, are : 


2 3 4 
8-5 9 12-5 


1 2 3 4 
The formula of isoprene CH,:CMe-CH:CH, indicates the following 
possibilities for the process of hydrogenation: (1) 1 : 2-Addition 
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of 1 mol., giving isopropylethylene. (2) 3: 4-Addition of 1 mol., 
giving as-methylethylethylene. (3) 1: 4-Addition of 1 mol., giving 
trimethylethylene. 

Thus the formula of isoprene would explain the presence of three 
sections of the curve; it will be shown later that the second, third, 
and fourth sections correspond to the above-named three amylenes. 
We must obviously attribute to the first section of the curve the 
hydrogenation of the isoprene itself in the three possible directions. 
The test with sulphur dioxide shows that isoprene is present all 
through the first section of the curve. At the last point of this 
section the isoprene disappears, 1.e., this point is ‘the critical 
point of hydrogenation of a conjugated system.’ Up to this point 
70—71% of hydrogen is added at a uniform rate; nevertheless, 
there is no doubt that in this part of the process several reactions 
are occurring simultaneously, for there are produced isopentane and 
three different amylenes, which, on the other side of the critical 
point, are hydrogenated successively. Thus we have to deal up 
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to the critical point with at least four reactions. The fact that all 
these four reactions are summed up in one common section of the 
curve may be explained by assuming that they are “ conjugated ” 
by a common initial material—the isoprene. As soon as this 
substance is consumed (at the critical point), several successive 
reactions start, and these proceed in accordance with the rules 
adduced in Part I (loc. cit.). 


The Hydrogenation Process prior to the Critical Point. 


25%, Hydrogenation.—-In order to study the process of the hydro- 
genation of isoprene up to the critical point we have investigated 
the products formed after the addition of 25%, 50%, and 70% 
of the hydrogen necessary for full saturation. The mixture of 
hydrocarbons produced by 25% and 50% hydrogenation contains 
isoprene, and it was therefore removed as a solid compound with 
sulphur dioxide. The further information necessary was obtained 
by a study of the hydrogenation of mixtures of ethylenic 
compounds. 

To 12-011 g. of isoprene, 2110 c.c. of hydrogen (25% hydrogen- 
ation) were added (see Table IV, No. 3.) The reaction product 
was treated with sulphur dioxide,* and allowed to stand for 6 days. 
The separated hydrocarbons amounted to about 3-5 g., and when 
freed from the residue and from sulphur dioxide they boiled at 
29—36°. They were analysed by the hydrogenation method. 

For this purpose 0-85 g. of hydrocarbons was fully hydrogenated 
and required 173 c.c., whereas if the hydrocarbons consisted only 
of amylenes, 293 c.c. would have been required. The composition 
was therefore amylene 59%, isopentane 41% (see Table IV, 
No. 5). 

From the hydrogenation curve (Fig. 3, Curve 2), we can also 
determine the composition of the amylenes. The sections of the 
curve are marked by dashes, and later we show that the first section 
corresponds to isopropylethylene, the second to as-methylethyl- 
ethylene, and the third to trimethylethylene. In Table I we give 
the amount of hydrogen absorbed in different sections of the curve 
and the calculated composition of the reduced product; and in 


* The quantitative precipitation of isoprene is effected as follows: An 
alcoholic solution of the hydrogenation products is placed in a flask and 
saturated at 0° with sulphur dioxide; the flask is then closed. Precipitation 
soon commences and is complete in 2—3 days. If the concentration of iso- 
prene is high, the contents of the flask form a colloidal mass. The liquid 
is distilled on a steam-bath into a vessel containing alkali at 0°, and the 
hydrocarbon layer which separates is again saturated with sulphur dioxide 
and left in a sealed vessel for some days in order to ensure that all the isoprene 
has been eliminated. 
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Table If is shown the composition of the original product of 
hydrogenation.* 
TaBeE I. 


25% Hydrogenation. 50% Hydrogenation. 


H 2 Com- H, Com- 
absorbed, ponents, absorbed, ponents, 
C.C. %. c.c. %. 
isoPropylethylene y 9-5 116 
as-Methylethylethylene 2 9-5 +59 119 
Trimethylethylene 40:0 126 
isoPentane 41:0 0 
100 361 


TABLE II. 


Degree of hydrogenation. 25%. 
Isoprene 64-5% (63-9%) 
tsoPentane 14-5 
isoPropylethylene 
as-Methylethylethylene 
Trimethylethylene 


The isoprene was also estimated as a solid compound with sulphur 
dioxide. Two weighed samples of the 25% hydrogenation product 
were precipitated in an alcoholic solution by sulphur dioxide, and 


the dried residues weighed. These determinations gave 63-8 and 
63-9% of isoprene, the latter value being that in parentheses in 
Table IT. 

50% Hydrogenation.—To 14-9 g. of isoprene, 5180 c.c. (1 mol.) 
of hydrogen were added (see Table IV, No. 4). The hydrogenation 
product was freed from isoprene as described above, and kept 
saturated with sulphur dioxide for 2 months. When freed from 
the residue, washed, and distilled over metallic sodium, the hydro- 
carbons boiled at 28—33°. Their composition was investigated 
by the hydrogenation method, 1-811 g. requiring 361 c.c. as com- 
pared with 637-5 c.c. calculated for pure amylene (see Table IV, 
No. 6); hence there were 56-7% of amylene and 43-3% of isopentane. 
Examination of the three sections of the curve (Fig. 3, Curve 3) 
as before leads to the results given in Tables I and II. 

In the foregoing, we have assumed that the first section of Curves 
Nos. 2 and 3 (Fig. 3) belongs to isopropylethylene, and the last to 
trimethylethylene. This conclusion is based on the rule given in 
Part I (loc. cit.), which may be stated thus : If a mixture of ethylenic 
derivatives of different degrees of substitution is hydrogenated, the 


* The calculation is as follows: 100 Mols. of isoprene require 50 mols. of 
hydrogen for 25% hydrogenation; if x mols. of amylene and y of isopentane 
have been formed, we have x + 2y = 50, anda: y = 59:41; hence x = 21, 
y = 14-5, and isoprene (by difference) = 645%. 


C.c. of hydrogen absorbed per 4 min. 
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monosubstituted ethylene is hydrogenated first, then follow in 
succession the di-substituted, the tri-substituted, and finally the 
tetra-substituted derivative. In order to confirm this we made 
two experiments in which the reaction product was further hydrogen- 
Time (in mins.) for Figs. 3, 4, and 5 
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ated after admixture with (a) isopropylethylene and (6) trimethyl- 
ethylene. 

(a) The weight of the product examined was 1-8053 g., requiring 
351-5 c.c. of hydrogen (at 20° and 760 mm.) on the assumption that 
it contained 56-7°% of amylenes (see Table I). The weight of tso- 
propylethylene was 0-5465 g., which required 187 c.c. of hydrogen. 
The corresponding curve is given in Fig. 4 (1). 
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(6) The weight of the product was 1-6931 g., which requires 
326 c.c. of hydrogen (at 19° and 765 mm.) on the basis of 56-7% of 
amylenes. The weight of trimethylethylene was 0-4219 g., which 
required 148 c.c. of hydrogen. The curve is shown in-Fig. 4 (2). 

In Table III are shown (1) the amounts of hydrogen required 
in the various stages as calculated from the weight taken, according 
to Table I; (2) the amounts actually consumed in the two 
experiments. 

TABLE III. 
C.c. of hydrogen absorbed in the sections of the curve by 
hydrogenation in mixture with : 
(a) isoPropylethylene. (6) Trimethylethylene. 
Cale. Found. Cale. Found. 
105 + 187 290 98 100 
116 125 107 114 
130 134 121 +- 148 265 
351 -++ 187 549 326 + 148 479 
538 nor ~ dl 

(a) It is evident from the table and Curve 1 that the second and 
third sections of the curve remained practically unchanged in size. 
Hence, all the isopropylethylene was hydrogenated in the first section. 

(b) From the table and Curve 2 it is similarly clear that the third 
section of the curve pertains to trimethylethylene. 

The middle section therefore relates to as-methylethylethylene. 

70% Hydrogenation.—In the foregoing cases it has been necessary 
to extract the unchanged isoprene before examining the mixture 
of amylenes. In this case, however, all the isoprene has become 
hydrogenated, and the curves after the 70% stage (“‘ critical point ”) 
refer solely to the hydrogenation of the amylenes which have been 
accumulating and have not already been reduced to isopentane. 

For the addition of the remaining 30% of hydrogen we have 
three well-defined sections of the curve. The amounts of hydrogen 
corresponding to each of these sections have already been given 
(p. 828), and the amount of the particular amylene corresponding 
to each section is obtained by doubling the percentage of hydrogen 
absorbed over that section. The composition thus calculated is 
given in the third part of Table II. 


General Survey of the Hydrogenation of Isoprene. 

The results obtained for 25%, 50%, and 70% hydrogenation of 
isoprene are given in Table II, and are used for plotting the diagram 
in Fig. 7. 

Nearly all the experimental points of the isoprene curve lie on 
the straight line which joins the terminal point of the axis of ordin- 
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TaBLeE IV. 


Numerical data for isoprene hydrogenated totally, partially, and in 
admixture with monoethylenic derivatives. 


C.c. of H, 

ae Press. Pt Alcohol Bath 
calc. obs. Temp. (mm.). (g.). (c.c.). temp. 
2910 2850 11° 60 { 10-5° 
530 525 15 , 13-75 
2110 2110 16 , 0 
5178 5178 17 


Om Cobo 


CH. ; }H,, freed 
from C,H, , 293 18 
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@ @ Quantities found experimentally. 


ates (100%) with the critical point lying on the axis of abscisse 
(70%). This means that the reduction of isoprene proceeds pro- 
portionally to the amount of the consumed hydrogen until it is 
entirely reduced. 

The curves showing the total amylenes and the isopentane are 
straight lines up to the critical point, the experimental points lying 
on straight lines passing through the origin. This attests to the 
important fact that the accumulation, not only of amylenes, but 
also of isopentane is going on from the very beginning of the process. 
The accumulation of these two components is strictly proportional 
to the amount of the hydrogen consumed up to the critical point. 
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At this point both curves show a break, the amount of amylenes 
beginning to decrease towards zero, and that of isopentane increasing 
to 100%. 

The diagram does not answer the important question as to the 
way in which isopentane is formed. During the second stage of 
the process, it is obvious that isopentane is formed from the amylenes 
accumulated before the critical point, but the origin of that formed 
in the first phase of the process is still unknown. Two possibilities 
are open : 

(1) tsoPentane is formed from the amylenes resulting from the 
addition of 1 mol. of hydrogen to the isoprene. In this case we 
must assume that it is formed neither from as-methylethylethylene 
nor from trimethylethylene, for the hydrogenation of these two 
amylenes in presence of isopropylethylene is improbable, because 
the last is the most readily hydrogenated of the three. This is 
wholly confirmed by the experimental data below. The addition 
to isoprene of an unsymmetrical disubstituted ethylene or of a 
trimethylethylene does not displace the critical point, and there- 
fore does not change the amount of fully saturated molecules formed 
before the critical point is reached. 

The partial formation of isopentane from isopropylethylene is, 
however, a possibility. As may be seen from Curve 1, Fig. 6, the 
isopropylethylene added to the isoprene is hydrogenated, as it 
should be, in the second part of the curve, but the position of the 
critical point is too indistinct to preclude a partial hydrogenation 
of the isopropylethylene before the critical point. 

(2) isoPentane is formed directly from isoprene by addition of 
2 mols. of hydrogen either simultaneously or in such rapid succession 
as to appear to be so. In this case we should have a process 
analogous to that taking place in the hydrogenation of benzene. 

We cannot find any objection to the second hypothesis, but we 
cannot yet prove it, and the question must be regarded as still 
unsolved. 

We have now to account for the relative quantities of the indi- 
vidual amylenes formed at the hydrogenation. 

As shown by the diagram, the curves for the different amylenes 
depart considerably from straight lines. This is unexpected, for 
the sum of the three amylenes is expressed by a remarkably regular 
straight line. This deviation is due to the fact that in the mixture 
of amylenes the amount of trimethylethylene is greater than is 
necessary to make the lines of all three amylenes straight. This, 
in turn, may be due to the isomerisation of two of the amylenes 
into trimethylethylene. Most probably this secondary process is 
caused by the action of sulphur dioxide during the elimination of 
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isoprene from the mixture of the hydrocarbons, for we have noticed 
that the excess of trimethylethylene was more pronounced the 
longer the mixture of hydrocarbons had been kept in contact with 
sulphur dioxide. 

Isomerisation of Amylenes by Action of Sulphur Dioxide —A 
direct test has demonstrated this isomerisation: We prepared a 
mixture of amylenes by the decomposition of amyl alcohol (from 
fusel oil) by aluminium oxide at 400°. A portion was hydrogen- 
ated, and the proportion of trimethylethylene in the mixture was 
found, from the extent of the sections of the hydrogenation curve, 
to be 27%. Another portion of the mixture was saturated with 
sulphur dioxide at 0°, sealed, and heated at 100° for 3 days, in 
order to accelerate the process; it was then freed from sulphur 
dioxide by washing, distilled over metallic sodium, and hydrogen- 
ated, the proportion of trimethylethylene being then 41%, as 
determined from the curve. 

There is therefore some uncertainty as to the original normal 
composition of the amylenes obtained as a result of the hydrogen- 
ation of isoprene. We must consider it to be the composition of 
the amylenes at the critical point (70% hydrogenation) as shown 
in the last column of Table II, for in this case the amylenes were 
not treated with sulphur dioxide. The composition of the amylenes 


obtained from isoprene hydrogenated up to 25% and 50% must, 
however, be considered as more or less altered by the action of 
sulphur dioxide. 


Hydrogenation of Isoprene Mixed with Standard Ethylenic 
Derivatives of Different Degrees of Substitution. 


When considering the process as a whole, the following questions 
arise: (1) How does the addition of different monoethylenic 
derivatives affect the general type of the isoprene curve and the 
position of the critical point? (2) How is isopentane formed from 
the products of hydrogenation ? 

In order to throw light on these questions we have examined a 
set of isoprene mixtures with ethylenic derivatives of different 
degrees of substitution. The numerical data relating to these 
mixtures are given in Tables IV and V. In Table V are shown: 
(a) the amounts of hydrogen calculated according to the scheme 
on p. 828 for the four sections of the isoprene hydrogenation 
curve, (6) the amounts of hydrogen that were actually absorbed 
in these sections in the hydrogenation of isoprene in the various 
mixtures. 

When examining Tables IV and V and the corresponding curves, 
one must note the following circumstances: The added standard 
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TABLE V. 
C.c. of hydrogen absorbed in the sections of the isoprene curve 
when hydrogenated in admixture with : 


isoPropyl- Trimethy]- Tetramethy]- 
ethylene. Camphene. ethylene. ethylene. 


- a, re es - min, a, 
Cale. Found. Cale. Found. Cale. Found. Cale. Found. 


Section 1 331 328 313 305 416 415-5 228 224 

» 2 388+295 327 4] 46 53-5 56-5 27 28 
Pr 3 41 46 40+200 240 59:5 63 29 28 
i 4 62 59 54 46 65+ 163 220 40 42 
a9 5 — — —_ — —_— 0+83 78 


Total 472+295 760 448+200 637 594+ 163 755 324+83 400 
ee —— —— —— 
767 648 757 407 


ethylenic derivatives are generally hydrogenated after the critical 
point in the place determined by the degree of substitution of the 
given ethylene. Thus the isopropylethylene added is hydrogenated 
in the second section of the curve (Fig. 6, No. 1); camphene in the 
third (Fig. 5, No. 1); trimethylethylene in the fourth (Fig. 6, 
No. 2); * and tetramethylethylene is hydrogenated when all isoprene 
is consumed (Fig. 5, No. 2).* The critical point retains its position 
and is clearly defined in every case except that concerning iso- 
propylethylene. This circumstance allows us to assume that a 
monosubstituted ethylene can be partially hydrogenated simul- 
taneously with isoprene. 


Summary. 


(1) In the catalytic hydrogenation of conjugated systems, the 
process may be of four types: 

Type I. In the first phase the addition of hydrogen is directed 
exclusively into the 1: 4-position. In the second phase, which 
proceeds at a different (lesser or higher) rate, 2 : 3-addition occurs. 

Type II. Inthe first phase the addition of hydrogen takes place 
primarily in all the possible directions (1:2, 3:4, and 1: 4), and 
subsequently until a fully saturated compound is formed. All 
these reactions proceed simultaneously. The first phase ends with 
the consumption of the conjugated system at the “ critical point 
of hydrogenation.”’ For the several substances investigated, the 
critical point corresponds to 68—77% of hydrogen absorbed. In 
the second phase are hydrogenated those monoethylenic compounds 
which were formed in the first phase. 

Type III. One mol. of a conjugated system absorbs simul- 
taneously 2 mols. of hydrogen, giving a saturated compound directly, 


* A dash, marked 100%, on these curves indicates the point where isoprene 
is consumed and hydrogenation of the admixed substance begins. 
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Type IV. The addition of hydrogen is directed exclusively into 
the 1 : 2- and 3: 4-positions. The double linkages of the conjugated 
system are hydrogenated independently. 

(2) The process of hydrogenation of isoprene belongs to Type II. 
The first phase, which proceeds at a constant rate, embraces several 
processes—the addition of 1 mol. of hydrogen in the 1: 2-, 3:4-, 
and 1 : 4-positions—which lead to the formation of three amylenes, 
viz., tsopropylethylene, as-methylethylethylene, and _ trimethyl- 
ethylene. At the same time some isopentane is formed. 

The first phase ends at the “ critical point,” corresponding to 
the addition of 70—71% of hydrogen necessary for complete 
hydrogenation; at this point the whole of the isoprene has been 
consumed. 

In the second phase the accumulated amylenes are consecutively 
hydrogenated : first the isopropylethylene, then the as-methyl- 
ethylethylene, and finally the trimethylethylene. 

(3) The hydrogenation curve of isoprene is horizontal in its first 
phase, but turns upwards at the critical point, denoting an increase 
in the rate. 

In the second phase the curve shows three more or less horizontal 
sections corresponding to the three amylenes mentioned in (2). 

(4) In the hydrogenation of isoprene in admixture with ethylenic 
compounds, the critical point retains its position. 

Minirary Mepicat ACADEMY, 

LENINGRAD, Russia. [Received, June 7th, 1927.] 


CXIV.—Equilibrium in the Binary Systems: 
Ethylenediamine—Phenols. 


By NrkoLtal ANTONOVICH PusHIN and LsuDEVIT SLADOVICH. 


EQuILIBRIuM diagrams of mixtures of ethylenediamine and phenols 
have not hitherto been studied, but the thermal analysis of five 
such systems is now described. For every mixture the following 
have been determined: (1) the temperature of complete melting 
of the crystallised mixture; (2) the complete cooling curve; (3) the 
duration of the eutectic crystallisation. 

In the tables, the column headed I under ‘ Temperature ”’ 
denotes the temperature of first crystallisation (but complete 
melting in the case of guaiacol), and that headed II refers to the 
definite (or eutectic) crystallisation. The column headed ‘‘ Time ”’ 
shows the duration (in minutes) of the definite crystallisation of 
1 g. of substance. 
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Ethylenediamine—Phenol.—The equilibrium diagram (Fig. 1) is 
composed of four branches and is characterised by two eutectic 
points, one open maximum at 66-6 mol. % of phenol, and one 
transition point at the concentration of 80 mol. % of phenol. It 
therefore follows that the open maximum corresponds to the form- 
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ation of a definite compound, C,H,(NH,).,2C,H;-OH, melting at 
53-5°. 

For the determination of the composition of the other compound, 
the time of duration of crystallisation at the transition point (31-6°) 
was studied (triangle abc). The maximum was found at 80 mol. % 
of phenol. Hence the compound is C,H,(NH,).,4C,H;OH. The 
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TABLE I. 
Ethylenediamine—Phenol. 


Temperature, Temperature, 


a, 

A. IT. 
+47-:1° +31-4° 
+43-5 +30-9 
+ 40-2 +31-4 
+37-2 +31-5 
+33-8 + 31-6 
+31:8 
+31-8 _ 
+30-6 +15 
+ 26-8 +19-6 
+21-3 +20-1 
+23 +20-2 
+29-9 +19-6 
+34-6 +16-5 

+40-8° 
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point which corresponds to this compound in the diagram is con- 
gruent with the transition point within the limits of the experi- 
mental error. 

The two eutectic points correspond to (a) 35 mol. % of phenol 
and —14°; (b) 88-5 mol. % of phenol and 20-2°. Triangle bed 
shows the time of crystallisation of the mixture at this second 


eutectic temperature. 
TaBLeE II. 
Ethylenediamine-o-Cresol. 


Temperature, Temperature. 
o-Cresol, Se o-Cresol, 
Time. mol, %. 
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Ethylenediamine—o-Cresol_—The equilibrium diagram (Fig. 2) is 
characterised by one open maximum at the concentration of 66-6 
mol. % o-cresol, and by two eutectic points: one corresponds to 
32-5 mol. % of o-cresol and —17°, and the other to 85 mol. % and 
+8-5°. The maximum shows the formation of a definite compound, 
C,H,(NH,).,2C,H,-OH, which melts at 48°. 

Triangles abe and cde show the time of crystallisation of the 
mixtures at the corresponding temperatures and prove the position 
of the eutectic points on the diagram. 
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TaseE IIT. 
Ethylenediamine—p-Cresol. 
Temperature, Temperature, 


eA A EN p-Cresol, ae ey 
Time. mol. %. II. 


2) 

“1 
3 
| 


+42-6° -+-27° 


S =_— 
ESO wS 
ort 
2 
L | 
: 


Col > Ot 
| | 


a. 
| Se Or OUTS De 


IPDAAHA 


— ee DD ee 
EISASS 


~ 
— 


aq 
eee 
bEEV | 


~ 
_ 
- 
~ 
— 
~ 


Lbhylene -diamine 
r 


1:2 


Gale sonteil 


= 
2 
i=) 
‘> 
te 
sj 
i) 
‘- 
= 
@ 
=> 
~ 
o 
> 
>) 
. 
= 
~~ 
i] 
— 
iv) 
& 
3 
SS 


fof o-cresol @ @ @ and X X X 
Mol. % lof p-eresoll QC O © and © © © 


Ethylenediamine-p-Cresol_—The equilibrium diagram (Fig. 2) is 
composed of four parts and is characterised by three eutectic points 
and two open maxima, one of which lies at 66-6 mol. % and the 
other at 85-7 mol. % of p-cresol. The first maximum shows the 
formation of the compound C,H,(NH,)s,2C,H,"OH, and the second 
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of the compound C,H,(NH,),,6C;H,-OH. The former compound 
melts at 54° and the latter at 31°. Between the two maxima lies 
the eutectic point, which corresponds to 82 mol. % of p-cresol and 
28-2°.. The other two eutectics represent (1) 27 mol. % of p-cresol 
and —13°; (2) 92 mol. % of p-cresol and + 24°. 

Triangles fgh, hik, and kim show the duration of crystallisation 
at the corresponding eutectic temperatures. 


TABLE [V. 
Ethylenediamine—Pyrocatechol. 


Temp. of crystallisation for 0 mol. % of pyrocatechol, 8-7° ; 
for 100 mol. %, 102-7°. 
Pyro- Temperature, Pyro- Temperature, Pyro- Temperature, 
catechol, = ———_., catechol, , ———<=-., 
mol. %. I. : 
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Ethylenediamine—Pyrocatechol.—The equilibrium diagram (Fig. 1) 
consists of five parts. Three open maxima are clearly indicated. 
One corresponds to 50 mol. % of pyrocatechol, i.e., to a compound 
C,H,(NH,).,CgH,(OH),, which melts at 73°. The second lies at 
66-6 mol. % of pyrocatechol and corresponds to a compound 

C,H,(NH,).,2C,H,(OH),, 
melting at 71°; and the third to 75 mol. % of pyrocatechol, 
C,H,(NH,).,3C,H,(OH),; this compound melts at 69-2°. 

Three of the eutectic points are clearly indicated: (a) at 15 
mol. % of pyrocatechol and 2°; (6) at 60 mol. % and 60°; (c) at 
80 mol. % and 64°. The fourth, viz., that between 

C,H,(NH,).,2C,H,(OH), and C,H,(NH,),,3C,H,(OH),, 
could not be accurately determined, and the cooling curves gave 
indications of the formation of solid solutions between these two 
compounds. 

Ethylenediamine—Guaiacol.—This system resembles the preceding, 
as might be expected in view of the relation between guaiacol and 
pyrocatechol. The diagram (Fig. 3) consists of four parts. It 
looks as if ethylenediamine is not soluble in guaiacol, for the curve 
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TABLE V. 
Ethylenediamine—Guaiacol. 


Temperature, Temperature. 
ee, 
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ascends steeply from pure guaiacol, forming an open maximum at 
85 mol. % of guaiacol, corresponding to a compound 

C,H, (NH,),,6C,H,(O-CH,)(OH). 
This is the most characteristic of the three compounds formed by 
these components, and melts at 66-5°. If one bears in mind that 
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there is but one hydroxyl group in guaiacol, whilst there are two 
in pyrocatechol, the above-mentioned compound is analogous to 
(,H,(NH,).,3C,H,(OH),. With pure guaiacol this compound 
forms only mechanical mixtures, since in the interval from 85— 
100 mol. % of guaiacol the temperature of crystallisation of the 
latter is clearly noticeable. 

The second maximum in the diagram corresponds to 66-6 mol. % 
of guaiacol, and therefore to C,H,(NH,).,2C,H,(O*CH,)(OH), which 
melts at 57-5°. This compound is analogous to 

C,H,(NH,),.,C,H,(OH).. 
The third maximum lies at 50 mol. % of guaiacol and shows the 
formation of a compound, C,H,(NH,).,C,H,(O*CH,)(OH), m. p. 51-5°. 
The eutectic point between this compound and pure ethylenedi- 
amine corresponds to 11 mol. % of guaiacol and 5°. 

The triangle abc shows the time of crystallisation at this eutectic 
temperature. Judging by the fact that the eutectic crystallisation 
is clearly noticeable in the interval of 0—50 mol. % of guaiacol, 
pure ethylenediamine and its equimolecular compound with guaiacol 
do not form solid solutions. 


Summary. 


Equilibrium has been determined in five binary systems composed 
of ethylenediamine on the one hand and phenol, o- and p-cresol, 
pyrocatechol, and guaiacol on the other. The existence has been 
demonstrated of the following definite compounds, which all melt 
without decomposition : 

GH (NH 20H OH C,H,(NH,)»,20-O,H Me-OH C,H (NH,)y,0-CyH (OMe)-OH 
Oni AN Hado-Cyll (OH OH (NH .)s,20-O,H (OMe)-OH 
0,H,(NH,),,2 0-Gytl (0 ds 0,H,(NH,),,60-0,H,(OMe)-OH 
OH (NH), 30-0,H (OH), 


tt Si INSTITUTE OF THE UNIVERSITY, 
ZAGREB, JUGOSLAVIA. [Received, January 26th, 1928.] 


CXV.—Differential Potentiometric Titration. Part I. 
Simple Method (Method I). 


By BERNARD CAVANAGH. 


THE potential of a suitable electrode dipping into a titrated solution 
has been used for the detection of the end-point according to two 
distinct principles. The more obvious principle, that a particular 
value of the potential marks the end-point, came into use compar- 
atively recently with the methods of Pinkhof, Treadwell, and 
Miiller (Miller, ‘“‘ Electrometrische Massanalyse,” 4te Aufl., Berlin; 
see also Cavanagh, J., 1927, 2207). In earlier methods the end- 
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point was detected by a rapid change in the potential, or, more 
precisely, by a maximum in the value of AZ/AM (where E is the 
potential, and M the amount of reagent used). This “ differential ” 
indication is intrinsically less sensitive than the other, but has the 
advantage at present of wider application. Moreover, in some of 
the cases where the more convenient “ absolute” principle is 
applicable, the exact determination of the particular potential 
which marks the end-point depends ultimately on the use of the 
differential principle. 

The methods described in this and the following paper depend 
upon a broader conception of the differential principle and, while 
retaining the advantage of wide applicability, appear to be an 
improvement upon the usual methods, both in convenience and in 
precision. Instead of the customary process of making a large 
number of small additions of reagent with corresponding potential 
measurements in order to detect the maximum value of AH/AM, 
it has been found possible to determine the result of the titration 
with higher precision from two or three measurements of the 
potential, corresponding to one or two large additions of the reagent, 
without necessarily finishing the titration in the ordinary sense. 
Indeed the simple method now described depends on the assump- 
tion that the added reagent reacts completely with the titrated 
solution, which implies that the end-point is not quite reached. 
This sets a limit to the absolute precision attainable by this 
method with given electrodes. For example, in the titration of 
a chloride by means of silver nitrate, if the electrodes are trust- 
worthy as regards constancy to + 0:25 millivolt, so that the change 
of potential is defined to + 0-5 millivolt, the maximum absolute 
precision is about one-seventh of the solubility of silver chloride, 
i.e., about + 0-2% in the titration of an N/1000 solution. About 
five times this degree of absolute precision is obtainable, with 
electrodes of the same constancy, by the use of methods II and 
III which take account of the incompleteness of the reaction 
in the neighbourhood of the end-point (see Part II, following 
paper). 

1. Principle of Method I.—The potential of a reversible electrode 
dipping into a solution of the corresponding (univalent) ion, con- 
centration c, is given by the formula 


E=constant+ RT/F.logey. . . . (i) 


where y is the activity coefficient of the ion. Suppose this ion is to 
be titrated; by means of a standard reagent of normality n, and 
that the solution is chemically equivalent to M, c.c. of the reagent, 
so that the abject of the titration is to determine My. If the volume 


wher 
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of the solution is V4 c.c., the concentration c is equal to nM,/Vo, and 
the initial potential of the electrode is 


E, = constant + RT/F.lognMyy/V,. . . (2) 


Suppose now that any quantity, m c.c. (less than M,) of the reagent 
is added to the solution, reacting completely. The solution is now 
equivalent to (M, — m) c.c., and the volume is increased to (V, + m) 
cc. The potential of the electrode will therefore be 


E = constant ++ RT/F.lognMy/V . . . (8) 


where M = (My — m), V= (V+ m), and y is the activity coeffi- 
cient under the changed conditions. The potential change, <, due 
to the addition of m c.c. of reagent is therefore 


e= RT /F. log nMgyo/Vy> — RT/F.lognMy/V. . (4) 
= RT /F.log Myyo/Vo — RT /F.log My/V . . (5) 


Asa first approximation we can put yp) = y, and if m is assumed to be 
negligibly small in comparison with Vo, we can put V = Vy; then 


¢ = RT/F.log M,/M = RT/F.log (1+ m/M). . (6) 


Thus, at constant temperature, « is a function of m/M; and 
conversely, the ratio M/m is a function of <; explicitly (see Table I) 


M/m = f(c) = }(coth Fe/2RT —1) . . . (7) 


Thus the measurement of a single potential change (<), produced 
by the addition of the arbitrary quantity of reagent (m c.c.) suffices 
with the aid of Table I to determine M, and therefore Mo, the result 
of the titration. 

2. Correction for the Changing Volume of the Solution, and for 
Change in the Activity Coefficient—The foregoing approximations 
can be dispensed with, however, for <« (equation 5) can be divided 
into three additive parts, 

Cem the eye ee wo ws (8) 
where 
tm = RT/F.log M,/M = RT/F.log (1+ m/M). . (9) 
e, = RT/F. log V/V) = RT/F. log(l+m/V,) . . (10) 
ey = RT/P. log y/yo = RI /F. log [1 + (y — y0)/yo} - (11) 
and comparison with equations (5) and (6) shows that 


M/m = f(em) =f(e—ee +e) - + - (12) 
Vo/m +7, f (ev) ° (13) 


sell a) Sledin 9 60 bine \e te we oD 
Thus M/m can be obtained from <,, exactly as (in neglecting m and 


?— Yo) it was obtained from «, and the “ corrections,” ¢ and e¢,, 
FF 
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can be estimated by using Table I in the inverse way—as in finding 
an antilogarithm from a table of logarithms. (But see also sections 
11 and 12.) 

The activity coefficient 01 an ion in a mixed salt solution depends, 
to a first approximation, on the “ionic strength” of the whole 
solution (see Lewis and Randall, ‘‘ Thermodynamics,” McGraw-Hill, 
New York), which may be defined as “ half the sum of the equiv- 
alent concentrations of all the ions present multiplied respectively 
by their valencies.”’ In the course of a titration, one ion is gradually 
substituted for another in the titrated solution, while at the same 
time the volume of the solution is increased. When the “exchanged” 
ions are of the same valency (as in the titration of halides by means 
of silver nitrate, or of acids by sodium hydroxide), the ionic strength 
changes only on account of the increasing volume, to which it is 
inversely proportional, and even if the volume is doubled the relative 
change in y is only 2—4%. The corresponding value of ¢, is there- 
fore less than 1 millivolt—generally much less. When, as in titration 
with barium hydroxide, a bivalent ion is being substituted for a 
univalent, the effect of the increasing volume upon the ionic strength 
of the solution is partly or wholly counterbalanced, and ¢, is still 
smaller. Thus, ¢, is almost always negligible, so that (12) may 
then be abbreviated to 

M jm = fleg) = fle—@) . . « « (i) 

The dilution correction, ¢,, on the other hand, may be quite 
large; e.g., if the added volume of reagent is equal to the initial 
volume of the titrated solution, V)/m = 1, and ¢, (see Table I) = 


17-3 millivolts. 
3. The precision of the determination is limited ultimately by 


the inherent variability of the electrodes which appears (multiplied |_ 


by 2) in c as an uncertainty which is “‘ absolute,” 7.e., independent 
of the magnitude of «. The consequent absolute uncertainty in 
the determination of M, is therefore found by differentiating M, 
partially with respect to ¢, c, and m being treated as constants; 
thus 

— 0M,/os = FM yM/RTm = 004MM /m (at 17°) (16) 
and the relative uncertainty per millivolt of uncertainty in ¢ 

— (0M,/de)/My = 0-04(My/m—1). . .« (17) 


Thus the relative uncertainty in My corresponding to an uncertainty 
of -+- 0-5 millivolt in < is roughly 20% when m is 10% of Mg, 2% 
when m is 50% of My, and 0-2% when m is 90% of My. 

The importance of having removed the limitation upon the value 


of m is now plain, for the precision of the result increases rapidly 
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with m. It is still essential, however, that m should be less than 
My. If the result of the titration (M,) is approximately known 
beforehand, m may be made large at once, and a precise result 
obtained from the measurement of a single potential change. Other- 
wise the reagent must be added in two or even three stages with 
corresponding potential measurements, the process being one of 
successive approximation (see examples below). 

4. It is not necessary that « and m should be measured always 
from the beginning of the titration. Any stage may be taken as the 
starting point, for at any stage (so long as the reaction may be 
regarded as complete), if M’ is the volume of reagent still required, 
and the volume of the solution is V’ c.c., the concentration of the 
titrated ion is nM’/V’, the potential of the electrode is 


E’ = constant + RT/F.lognM'y'/V’' . . (18) 


- Jand if ¢ and m are measured from this stage, 


e = RT/F. log M’y'|V' — RT/F.log My/V. (19) 


Gere e... s. woe es et ee 
where 


M/m = f (Em) = fle — & + &y)) 
¥ /m coms F (ev) ( 
Vy —¥') =f) 
or, when ¢, is negligible, 
Mim = f(em) =fle—ee) . . . « (22 


Then, instead of (17), a more general expression for the relative 
uncertainty in the determination of M, is obtained, viz., 


(21) 


_— See) peor ) mor ae {ee 
ie ee eo oe, = 0-04(1 + mm) M, 8) 
= 0-041 + flen)IM/M, . . . . . ~~ (24) 


which shows that precision depends on the smallness of M relative to 
M,, and also yp to a point on the smallness of M/m or f(e,). But 
when ¢,, is 60 millivolts or more, f(c,,) is less than 0-1, and the factor 
1+ f(&m)] cannot be much diminished by further increasing ec, 
so that precision then depends chiefly on the smallness of M/Mp, 
which is independent of the stage from which m is reckoned. On 
the other hand, the temperature correction (see Section 5) is pro- 


Iportional to ¢, and the correction, ¢,, for variation in the activity 


coefficient increases with m. Hence it is sometimes advantageous to 
reduce the final values of « and m somewhat by reckoning them 
from the second, or even from a third, stage in the titration (see 


{Example 1, Section 10). 
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5. Temperature Correction Table I (as also Tables II and IIa) th 
is strictly applicable only at 17°, and the potential change if measured of 
at any other temperature (¢°) ought to be corrected to 17° by the § ™ 
addition of the small (positive or negative) correction, (17 — t)<e/300, 
which, however, is often smaller than the experimental uncertainty a 
in e. 

A moderate constancy of temperature is assumed, for, without 
knowledge of the temperature coefficients of the electrodes, the 
effect of any slight change of temperature between the measure- 
ments of the two potentials Z’ and E cannot be predicted, and must e' 
be included in the experimental uncertainty of ec. ” 

The measurements recorded in Section 10 were obtained without : 
the use of a thermostat. oe 

6. Applicability of the Method—The method as described is fror 
applicable to the titration of univalent ions, e.g., Ag’, H’, Cl’, Br’, I’, re 
OH’, etc., to which a corresponding reversible electrode can be fulf 
found. In the case of a bivalent ion, it would only be necessary fF "* 
to multiply all potentials by 2. : 

7. Correction for Adsorption of the Titrated Ion.—In the case of silv 
precipitation titrations, the possible adsorption of the titrated ion il 
by the precipitate has to be considered (compare Part IT, Section 1). wo 
If at the stage (M, V), the fraction (1—9) of the total amount of the itl 
ion is adsorbed, the concentration in the solution will be reduced to 1 
nM06/V, and similarly at the earlier stage (M’, V’), (1—0’) being the 8 
fraction adsorbed, the concentration will be nM’0’/V’, so that in the 8 
complete expression for < (equation 8) an additional term, ¢ = ye 
RT /F.\og 8'/6, will be introduced. For small values of (1 — 6), — 
cg = RT(6’ — 6)/F. If further, as a first approximation, the - 
fraction can be regarded as independent of the concentration of Ian 
the ion and proportional to the ratio of the amount of precipitate wee 
to the volume of solution, so that (1 — 6) o (M, — M)/V, then on 
egoc nmV,/VV’, which means (a) that e, will be greater in titrating = 
stronger solutions, and (5) that it can be minimised by the procedure 002 
of Section 4. h ¥ 

It would be possible to eliminate this source of error almost with 
entirely by filtering off and washing the precipitate with small 7 
quantities of water, making the necessary allowance in ¢, for - 
the increased volume of the solution. In the measurements recorded * * I 
in Section 10, the correction eg, like e,, has been neglected, so that ome 
it was probably very small in these cases. ie 

Modification for Oxidation—Reduction Titrations—The method can 
be adapted to oxidation—reduction titrations such as the titration pe 
of ferrous or titanous ions. In these cases the dilution correction, &, of +n 


does not occur, but a correction em has to be made for change it 
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the concentration of the oxidised ion. If m’ c.c. is the total amount 
of reagent already added before the further addition of m c.c., 
and if M c.c. is the unknown amount still required one finds 


S= Gatti - ss ltl 
where [compare (21) and (22)] 


[M/m _ f (Em) _— fle om En) . . (26) 
lin'm=flem). . . . .. (27) 


so that a very similar procedure appears to be applicable. In other 
cases both e, and ¢,,- would occur. 

9. The Limit of Precision.—The method depends on the condition 
that the reagent added to the solution reacts completely, removing 
from the solution a chemically equivalent quantity of the titrated 
ion. In the strict sense of course this condition would never be 
fulfilled, but it holds to a close approximation except in the immediate 
neighbourhood of the end-point. For example, when silver nitrate 
is added to a solution of a chloride the residual concentration of 
silver ion, which remains in solution, thereby failing to remove its 
equivalent of chloride ion from the solution, is inversely proportional 
to the chloride-ion concentration, inasmuch as the solubility 
product (S? = C,,°Cq) is constant. To a first approximation the 
consequent relative error in the found value of M is C,,/Cq or 
S2/C2q (t.e., S?V2/M2n?). 

Now with electrodes of the constancy described above, the 
potential change is defined to within +0-5 millivolt, and the mini- 
mum relative uncertainty in the found value of M is +-0-5F/RT, or 
+0-02, which will be exceeded by the error due to the neglect of 
(,, unless Cg>7S8 (t.e., M>7SV/n). This sets a limit to the 
closeness of approach to the end-point, and therefore to the absolute 
precision (in terms of concentration) attainable by this method, with 
such electrodes. The minimum absolute uncertainty will be, in 
fact, rather more than one-seventh of the solubility of silver chloride 
(0-02 x 78), that is to say, about +2 x 10-6 (i.e., about +0-2% in 
the titration of N/1000-chloride solution with a relatively con- 
centrated reagent). 

The considerations of this section apply also to other titrations 
to which the method is applicable, if the appropriate ionic product 
is inserted in place of C,,°Cq, and the limit of absolute precision is 
estimated accordingly. 

For exceptional purposes a somewhat higher order of absolute 
Precision can be obtained with the same electrodes by approaching 
the end-point more closely, taking into account the incompleteness 
of the reaction (see Part IT). 
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As a first approximation the correction S?V?/M?n* may be sub- 
tracted from the found value of M when the latter is less than about 
10SV/n, but the limit 7SV/n (about) should not be appreciably 
overstepped. 


10. Results. 


A few typical titrations by this method are recorded below. The 
dilute solutions of known relative strength were prepared in the 
manner described in a previous paper (loc. cit.). The same pointer 
galvanometer was used. A good potentiometer and checked 
standard cell were actually employed, but it should be observed 
that since the method depends only on differences of potential of 
the order of 0-1 volt or less, precision better than say, 0-1%, either 
in the standard cell or in the calibration of the potentiometer, is 
generally superfluous. The electrodes were silver-halide—quin- 
hydrone pairs, as described in the cited paper, so that the uncertainty 
of a liquid-junction potential had not to be considered. At the 
same time the use of these electrodes necessitated the doubling 
of the dilution correction ¢,, since the potentials of both electrodes 
were equally affected by the changing volume of the solution. A 
small measured quantity of the reagent was, in most cases, added 
before the first measurement of the potential (Stage 0), as it was 
found that the initial potential was more trustworthy if obtained 
in the presence of a trace of precipitate. In the first example, 
where the temperature was markedly different from 17° and a rather 
large value of < was obtained at Stage ITI, the advantage of reducing 
e, by reckoning ¢ and m from Stage II, is illustrated (indicated by 
“‘ TII—II” ; see also examples 5 and 6). Example 6 illustrates one 
peculiar advantage of this method, viz., that it is independent of 
the immediate neighbourhood of the end-point. The establishment of a 
steady and reproducible potential in the case of the iodide electrode 
is very slow near the end-point, whereas, at a distance from the end- 
point, measurements can be made quickly and yield an accurate 
result. 

In the examples, col. 2 shows the total number of c.c. of reagent 
present; col. 3, the volume added after stage 0 (or between the 
stages indicated) ; col. 5, the values of 2e, (in millivolts) as obtained 
from Table I; col. 6, the measured potential, H#, in millivolts; 
col. 7, ¢, the potential change from stage 0 (or between the stages 
indicated) ; col. 8, the difference ¢ — 2c, =e, ; the values in col. 9 
are obtained from Table I; col. 10 gives the number of c.c. still 
required ; col. 11, the successive approximations to Mj; and col. 12, 
the percentage error, A. 


Approy 
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Example 1. 100 C.c. N/100-KCl titrated (at 13°) by N/100-AgNOg. 


(Actually known to be equivalent to 98-5 c.c. of AgNO,, but titrated 


as if only known to be stronger than NV /1000.) 
7, = 101. 


(1) (2) (4) (5) (6) (7) (8) (9) (10) (11) (12) 
Stage. M,—M. - Velm. ey. E. . “s M. M,. A. 
307-2 
10-1 4:7 299-4 “§ , 76 7 87 
1:44 26-3 250-5 56: 30: 0-421 29-5 100-5 
1:06 33-1 184-9 22- 0-:0290 2° 98-75 
Correcting to 17°, «7° . 0-0272 * 98-58 


68 es 6 588 0-105, 2 98-63 
Correcting to 17°, €,7° rt 0-101, 2°55 98-53 


Example 2. 100 C.c. N/400-KCl titrated (at 16-5°) by N/100- 
AgNO. 


(Actually known to be equivalent to 24-62 c.c. of AgNOg, but titrated 
as if only known to be stronger than N’/1000.) 
7, = 101. 


Stage. My>—M. m. Va/m. ey. e. " €m- (em). M. My. 4 
0 1 52- 
I 11 10 10-1 4-7 233. ‘ 14:3 1:30 13 24 2°5 
II 23 22 4-6 9-8 5 ‘3 67:5 0-072 1°58, 24-58, 


2-5 
1-4 


Example 3. 1000 C.c. N/1000-KCI titrated (at 14:5°) by N/100- 
AgNOs. 


(Actually known to be equivalent to 98-5 c.c. of AgNO,, but titrated 
as if only known to be stronger than N /2500.) 
V, = 1010. 


V,/m. Zey. €. em. FS (em). M. M,. 


30 33:7 15 116 101 2-01 60-3 1003 
75 = =135 3°6 498 462 0-187 140 99-0 
Correcting to 17°, €4,° = 50°2 466 0-183, 13-75 98-75 


wow & 


bobo 
ead) 
ey 


S*y2 
{pproximate correction for incomplete reaction = — iM ~ —0-1 —> 13°65 98°65 


Example 4. 100 C.c. N/1000-KCl titrated (at 20°) by N/1000- 
AgNO,. 


(Actually known to be equivalent to 98-5 c.c. of AgNOg, but titrated 
as if only known to be stronger than N /4000.) 
Vy = 105. 
Stage. M,—M. Mm, V,/m. 2ev. EZ. ° €m. S(em). M. My. 
0 250-7 
I 5 20 525 87 2368 144 57 39 78 103 
I 5 70 15 256 190-4 60:3 34-7 0-332, 23:28 98-28 
Correcting to 17°, ey* = 59°7 34-1 0343, 24:05 99-05 
Sty? os 


—ss, ~ —02 23°85 98°85 
nM 0-2 > o 


Approximate correction for incomplete reaction = — 
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Example5. 500C.c.of N /5000-KBr titrated (at 19°) by N /1000-AgNO,. 


(Actually known to be equivalent to 90-8 c.c. of AgNO, but titrated 
as if only known to be stronger than N /10,000.) 
Vi. = 500. 
Stage. M,—-M. m. V,/m. 4 % em. J(em). M. Mo. A. 
50 10 ‘7 3152 253 206 0-78 39 89 -2 
80- 625 7: ‘1 61-4 54-0 0-130, 10-44 90-44 —0-4 
88 57 8 ‘7 968 88-7 0-026, 261 90°61 —0-2 
Correcting to 17°, ey = 96-2 88:1 0-:0304 268 90-68 —-0-13 
38 84 eye = 71-5 68-10-0702 267 90-67 —0-14 
Correcting to 17°, ¢7* = 71-0 67-6 0-0718 273 90-73 —0-08 


8 Uncorrected em (at 19°) = 34:7 0-333 266 9066 —0-15 


Example 6. 1000 C.c. of V/10,000-KI titrated (at 19-5°) by V’/1000.- 
AgNO,. 
(Actually known to be equivalent to 111-1 ¢.c. of AgNO,, but titrated 
as if only known to be stronger than N /20,000.) 
V. = 1000, 


Stage. M,—M. m. V,/m. eg. 4 \ em. f(em). WM. Mo. 
0 0 
I 50 50 20 2-4 4 15-4 1-17 58-5 108-5 
II 100 100 10 4:7 _ 63-0 583 0-107, 10-76 110-76 
Correcting to 17°, e4.° = 62-5 57°38 0-110 11:0 111-0 


II—I 100 50 Uncorrected €m (at 195°) = 42-9 0-219 10:95 110-95 


Addendum. 
11. Although ¢, may be obtained from V,/m or V'/m as explained 


on p. 846, it is desirable to have a table which reads directly and not 
inversely ; the function derived from equation (10) is more suitable 
for tabulation in terms of m/V, (or m/V’) than in terms of V,/m, and 
Table II gives e, in millivolts for values of m/V, up to 2-1, t.e., over 
the range usually required. When, as is often the case, V, is a simple 
number such as 10, 20, 50, the ratio m/V, is readily evaluated, and 
Table IT provides the easiest way of ‘‘ correcting to constant volume” 
all the measured potentials. Alternatively, Table Ila is more 
convenient when V (instead of V, or V’) is a simple number. 

12. More generally, the measured potentials may readily be 
“ corrected ’’ to any arbitrarily chosen simple volume by means of 
Tables II and IIa. For example, if 73-7 c.c. of solution are titrated 
and 20, 35, 7, and 1-5 c.c. are the successive additions of reagent, 
the five measured potentials can be “ corrected ” to 100 c.c, volume 
as follows, the correction when positive being made in the same 
direction as the change of potential during the titration. 


Volume, (100 — V) Corr. 
Stage. V c.c. § 100 (millivolts), 
0 73°7 . +0-263 +76 
I 93-7 * +.0-063 + m4 from Table IIa. 
II 128-7 . —0:287 — 6-3 
Tit 135-7 35: — 0-357 — 17-6 }from Table II. 
iV 137-2 “4 —0:372 —79 


— 
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Tasiez I. 
f(e) = #(coth Fe/2RT — 1). 


« is given in millivolts; 7 = 290° Abs. 
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0-0998 . . . . 0-0976 

0-0955 . . “0942 00938, 0-0934 

0-0914 . . “0902 . 0-0894, 0-0890, 
0-0875 : . 0-0856 00-0852, 
0-0838 . . 0-0827 0823, 0-0820 0-0816, 
0-0802,| 0-07 . 0-0792 07 0-0785 0-0782 17 
0-0768,| 0+ . 0-0758,| 99-0755, 0-0752 0-0749 0745, 0° 0-07395 
0-0736 . . 0-0726,|  0-0723, 0-0720, 0-0717,} 0° . 0-0708 
0-0705 . -06 0-0696 . 0-0690, 0-0687, “0684, 0-0681, 0-0678, 
0-0675, -06 0670 00667 0664 0-0661, 0-0658, 0656 0-0653 0-065u 
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a I (contd.). 


0-0647, 
0-0620, 
0-0594, 
0-0570 
0-0546, 
0-0524 
0-0502, 
0-0481, 
0-0462 
0-0443 
0-0425 
0-0407, 
0-0391 
0-0375 
0-0360 
0-0345, 
0-0331, 
0-0318 
0-0305 
0-0292, 
0-0281 
0-0269, 
0-0259 
0-0248, 
0-0238, 
0-0229 
0-0219, 
0-0211 
0-0202, 
0-0194, 


+0. 
0-0186, 
0-0124, 
0-0083 
0-0055, 
0-0037 
0-0025 
0-0016, 
0-0011 
0-0007, 
0-0005 


‘1. 
0-0644, 
0-0618 
0-0592 
0-0567, 
0-0544 
0-0522 
0-0500, 
0-0479, 
0-0460 
0-0441 
0-0423 
0-0406 
0-0389, 
0-0373, 
0-0358, 
0-0344 
0-0330 
0-0316, 
0-0304 
0-0291, 
0-0280 
0-0268, 
0-0257, 
0-0247, 
0-0237, 
0-0228 
0-0219 
0-0210 
0-0201, 
0-0193, 


+i. 
0-0179 
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0-0053, 
0-0035, 
0-0024 
0-0016 
0-0010, 
0-0007 
0-0005 
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0-0642 
0-0615, 
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0-0542 
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0-047, 
0-0458 
0-0439, 
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0-0370, 
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0-0217 
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0-0192 
+3. 
0-0165 
0-0110 
0-0073, 
0-0049 
0-0033 
0-0022 
0-0015 
0-0010 
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0-0004, 


4, 
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0:0610 
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0-0494 
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0-0435, 
0-0418 
0-0401 
0-0384, 
0-0369 
0-0354 
0-0339, 
0-0326 
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0-0558 
0-0535 
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0-0253, 


5 0-0243, 
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5 0 
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0- 0003. 


9, 
0-0628 
0-0597, 
0-0572, 
0-0549° 
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0-0211, 
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This table gives ec, (in millivolts), the change in the potential E 
due to the dilution of the solution from V’ c.c. to (V’ + m) c.c., 
the change being in the same direction as the change due to adding 
the reagent. 

TABLE IIa. 
e, = f(1/x — 1) = —RT/F. log (1 — 2). 
z2=m/[V; T = 290° Abs. 

05. -06. | -07. 

12, 1 1-8, 

40, 4: 4-6, 

71, 7:5, | 7:8, 

10:7, 1l-i, | 11-5, 

14-9; 15-4 | 15°8, 

19-9, | 21-1 


az. 
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0:5 


IBPOAUWS S 
Deb OO bho ee 
ooo oC pm oo - 


—— 


This table gives ¢, (in millivolts), the change in the potential H 
due to dilution of the solution from (V — m) c.c. to V c.c., the change 
being in the same direction as the change due to adding the reagent. 

13. There is an alternative way of allowing for the change in the 
volume of the solution, which is of interest in that it completes the 
connexion between the simple method now described and the more 
refined methods of Part II. Equation (19) may be written, 


e = RT/F. log V(M + m)/M(V — m) 
= RT /F. log [1 + m(V + M)/M(V — m)] 

.e., a a a I a ei 
where r=M(V—m)/mV+M)..... . (29) 
whence M=rm/[f1—m(1+r)/V] . . . . . . (80) 
[compare Part IT, equation (19)], which reduces to equation (7) when 
m/V is negligible (constant volume). This way of allowing for the 
changing volume of the solution seems, however, to be less simple 
and expeditious than the application of the correction ¢ to the 
measured potential change (Sections 2 and 11), or the correction 
of the measured potentials according to Sections 11 and 12. 
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CXVI.—Differential Potentiometric Titration. Part 
II. Refined Methods (Methods II and IT1). 


By Brernarp CAvANAGH. 


1, An Equation to the Titration Curve.—In considering the pro- 
cedure by which the highest degree of precision is to be obtained, 
it will be convenient to confine attention in the first place to the 
typical case of the titration of a chloride by means of silver nitrate. 
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The extension to other titrations depending on the combination or 
interaction of ions of like valency will then be obvious. 

If s? is the activity product of silver chloride (so that s is prac. 
tically the solubility in pure water), c’ and c are the concentrations 
and y’ and y the activity coefficients of silver and chloride ions, 
respectively, 

6.9.0 ef aPC ee wv, YY 

So long as the reagent can be considered to react completely 
with the titrated solution, no appreciable amount of silver ion 
remaining free, the quantity M c.c. of reagent still required must 
be chemically equivalent to the whole of the free chloride ion, i.¢., 
there must be Mn mg.-equivs. of free chloride ion present, n being 
the normality of the reagent solution. In view of the presence 
of a precipitate, however, it cannot be assumed that the whole of 
this is in solution, for a certain fraction of it (1 — 6), will, in general, 
be adsorbed by the precipitate [although in the titration of very 
dilute solutions, to which the refined method chiefly applies, the 
amount of precipitate is slight and the fraction (1 — 9) probably 
very small—compare preceding paper, Section 7]. The concen- 
tration c will therefore be Mn0/V, V being the volume of 
solution, 7.e., 

Mn =cV/0 
When the end-point is closely approached, however, the free silver 
ion can no longer be neglected. Suppose the fraction (1 — 6’) of 
the total free silver ion is in the adsorbed condition, then the amount 
of reagent required will be reduced by the corresponding amount 
c’V /0’, so that 
Ma = cV/0—¢'Vjf@ow 2 is wwe & 

The potential of a (reversible) silver electrode dipping in the 

solution is (at constant temperature) 


E =constant — RT/F.loge’y’ . . . 4) 
whilst that of a chloride electrode is 

E=constant + RT/F.logey . . . . (5) 
and from equations (1), (3), and either (4) or (5), one obtains 


rigorously, 


MnvV yy’ y= sinh| 2, F ( vy. Hog 5a ; + log < AC ) 


where the suffix e denotes the onski gate dis of a quantity, and, 
of the alternative signs, the positive is obtained by using equation (4) 
and the negative by using equation (5). In this equation, apat! 
from s and the coefficients y, y’, 6, 6’, whose variations can be kept 
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small, the only variables at constant temperature are M and E£, 
and both variables may have any values, positive or negative. 
This exact and complete equation to the titration curve is of 


the form 
Smee «cis cw a 


which lends itself to mathematical treatment, with results which 
are immediately useful, since hyperbolic functions are fully tabul- 
ated. It is applicable (when suitable electrodes are available) to 
(a) other precipitations of insoluble uni-univalent salts if the appro- 
priate activity product s is used; (6) precipitations of v-v-valent 
insoluble salts if vF and n/v are substituted for F and n, respectively ; 
(c) the titration of strong acid and alkali (in the complete absence 
of carbon dioxide, ammonia, quinhydrone, etc.)—the adsorption 
factors disappear, and s represents the activity product of water ; 
and (d) the last titration in the presence of carbon dioxide, etc., 
with certain limitations. 

2. For present purposes equation (6) may be written in the 
simplified form 

Mn/28S(V.— M)=sinh F(E —L£,)/RT . . (8) 

where Pa Pf. we tcne ‘icc @) 


‘ 


S being, as it were, an “apparent ”’ solubility product of silver 
chloride (including both dissolved and adsorbed) in the solution 
at the stage under consideration. This approximation involves 
neglecting (a) the term -+ log s/s,, which allows for variation in s 
during the course of a titration (due, for instance, to change in the 
condition of the precipitate), and (b) the other two logarithmic 
terms. 

In the case chiefly considered here, that of the silver chloride 
titration, it would seem reasonable to expect that the presence 
of the silver chloride-coated electrodes (see J., 1927, 2207) would 
tend to accelerate the establishment of true equilibrium (with the 
minimum value of s) and make s effectively a constant, and this 
appears to be borne out by the steadiness and permanence of the 
potentials rapidly set up. In the case of the bromide titration, 
conditions are almost equally good (with the silver bromide-coated 
electrodes), but in the iodide titration, in the neighbourhood of the 
end-point the establishment of a permanent potential is very slow. 

As regards the other two neglected terms it may be noted that 
y /y, for instance, is the ratio of the activity coefficients of univalent 
ions in the same solution, and that the first logarithmic term, 
representing half the relative change in this ratio on passing over 
to the end-point, will always be very small. Similar considerations 
apply to the second logarithmic term. 
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TABLE I. 


Figures in heavy type, sinh (F/RT’).#. Figures in ordinary type, 
sech (F/RT) . E (at 17°). 
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TABLE I (conid.). 
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In most of what follows, S is treated as constant during the 
course of any one titration, and the approximation in this form 
seems to be justified by experiment (see Section 11), but this point 


is further discussed in Section 13. 
3. Equation (7) may be regarded as a substituted form of (8), 


where 


X = Mn/28(V.— M)= Mn/28V. . .. (10) 
U = F(E — E,)/RT = 0-04(E — E,),7 . =~. (11) 
so that X represents the amount of reagent required, expressed in 
terms of the unit 2SV/n, whilst U represents the potential of the 
electrode reckoned from the end-point and in terms of the unit 
RT /F (which is just 25 millivolts at 17°). Similarly for an earlier 
stage (M’, V’, E’, as in Part I), 
X’= 3 4+ 2 = sinh +) oS. SS AD) 
where X’ = M'n/28(V. — M') = M'n[28V’ ._—...._ (13) 
U+u=F(E' — £,)/RT = F(E — EF, + ¢)/RT. (14) 
and, for the differences, x and u, 
a = Fe/RT =0-04¢,,. °. © . (15) 
and x = mnV,/2SVV' = mn(1 + M/V)/2SV’. . (16) 
which (when V/V is negligible) becomes 
x= mn/2SV' Ae (tae RE 


so that wu is the potential change in terms of the unit R7'/F and is 
virtually an experimental quantity (0-04 ¢,,.), whilst x is the corre- 
sponding addition of reagent expressed in terms of the unit 2SVV’'/ 
nV (x 2SV'/n), and is known, at least approximately, if S is known. 
For the precise evaluation of x when M/V is not negligible, a rough 
estimate of M is required (see Section 5). Finally, if r = X/z, 


r= MV'/mV. = M(V —m)/m(V + M) . . (18) 

or 
M =rm/{l — m(1 + r)/V] [compare Part I, equation (30)] (19) 
a rm(1 + m/V)(whenm/Vissmall) . . (20) 


Thus M, and therefore the result of the titration, is obtainable 
from the ratio r without knowledge of S. It is alternatively obtain- 
able from X if S is known [see (10)]. 

4, Method II. Refined Method (S known).—In Fig, 1, X is repre- 
sented graphically as a function of z and ¢,,.(=25u). In asome- 
what different manner, Fig. 2 represents the ratio r as a function 
of the same quantities, the curves being curves of constant r. 
(The experimental values of x and ¢,,. fix a point on this diagram, 
whose position on the scale formed by the curves gives the value 
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of r.) In this way Method I is extended to and beyond the end- 
point, provided x is known, i.e., provided S is known. 


Fig. 1. 
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Le) 

Curves of constant 2, the value of x being given by the number at the 
right-hand end of each curve; 2 is a quantity of reagent added, expressed in 
terms of the unit 2SVV’/nV(=2SV’/n). Ordinates represent the resulting 
potential change e€,,° (roughly corrected to 17°) in millivolts, and abscisse the 
further amount (X) of reagent still required to reach the end-point (X = 0), 
expressed in terms of the unit 2SV/n. Fora given value of x, the corre- 
sponding curve (interpolated if necessary) enables the distance (X) from the 
end-point to be deduced from the potential change observed. 
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The functions represented in Figs. 1 and 2, viz., 

X = + Ua? coth? u/2 — 4 cosh? w/2]}! — 2/2 . (21) 
and the same divided through by 2, are not convenient for the 
purpose of calculation, but by means of the relation 

sech (U + w/2) = (sinh w/2)/4" . .. (22 


reg eed 


Ten eeeepere rar ray 

8 9 10 11 12 13 1415 
Curves of constant r, forming a numbered scale, the value of r being given 

at the right-hand end of each curve. Abscisse are proportional to log;o ” 

which ranges from 0-5 to 1-18, but a numbered scale of « is provided. 

Ordinates represent ¢€,7°. 
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obtained from (7) and (12), U, and therefore x, is easily obtained. 
(Conveniently, the substituted form (in millivolts) 


sech [0-04{(Z — E,),7- + $€,,-}] = sinh [0-04($e,--)]/4a . (22a) 


may be employed with the aid of Table I, which contains a useful 
range of values of the hyperbolic sine and secant, tabulated in 
parallel against 25 times the argument, so that sinh w and sech u, 
for instance, are to be found (in heavy and ordinary type, res- 
pectively) against ¢,,.. sinh 4w is first found (against }¢,,-) and 
divided by 42, and the quotient, which is sech (U + 4w), is sought 
in the body of the table (figures in ordinary type). Then on moving 
hack }¢,,. millivolts in the table, sinh U, which is X, is found in 
the figures in heavy type. 

This is the most exact form of the method, but the accuracy of 
the diagrams, particularly of Fig. 2, is in most cases as great as is 
justified by the precision with which x and « are known. 

5. There is theoretically an ambiguity in the determination, as 
may be seen from the symmetry of the curves in Fig. 1, or the 
alternative signs in equation (21). The found values of X and r 
might, in reality, be the values of — (X +2), and — (r +1), 
respectively; but this would mean that the end-point had been 
overstepped by a very large amount, viz., more than 42, and in 
practice the doubt will not arise, because an approximate deter- 
mination will already have been made by Method I (see examples, 
Section 11). The latter will also enable the small correction 
Mmn/2SV’'V, by which the exact form of x differs from the approxi- 
mate form mn/2SV’, to be applied with sufficient precision (itis often 
negligible). The result of the titration (M,), as determined by 
Method II, depends upon (a) the quantities (M,— M),m, V, and 
n, Which may be regarded as accurately known; (b) the measured 
potential change ¢, in which there is an absolute uncertainty 
dependent on the behaviour of the electrodes (Part I, Section 3); 
and (c) the assumed value of S. 

Supposing S to be correctly known, it is clear that for a given 
absolute error in ¢,7-, the precision of the result, in terms of concen- 
tration, will be proportional to the absolute sensitivity of ¢,,. to 
change in X, 7.e., to the steepness of the curve in Fig. 1 at the 
point from which the reading would be taken. It can be shown 
that this sensitivity (the tangent of slope of these curves, in milli- 
volts per unit of X) is 25{sech U — sech(U + u)], which has a 
maximum value of 25 when X = 0 and ~ is infinite; but Fig. 1 
shows that this theoretical maximum sensitivity can be closely 
approached if X is small and z fairly large, i.e., if the final measure- 
ment of the potential of the electrode is made within about } unit 
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(of reagent) of the end-point, and x is reckoned from a stage at 
least 5 or 6 units earlier. ; 

An equally sensitive potential change occurs after the end-point 
has been passed, viz., between two stages, of which one is within 
4 unit of the end-point, and the other is at least 5 or 6 units later. 
This is the “ambiguous’’ case already mentioned. (This depends 
upon the use of the second half of the titration curve; but see 
Section 7.) 

The prior use of Method I (upon the same sample of solution) 
enables these conditions to be fulfilled in a single titration. In 
this way, with e defined to within + 0-5 millivolt (compare Part I), 
the absolute uncertainty of the result of the titration can be reduced 
to little more than + 0-02 unit (in terms of concentration +- 0-045), 
provided S is known correctly. The probable error can be further 
reduced by making several potential measurements near the end- 
point, using them for independent calculations of My, and averaging 
the results. 

6. Error in the assumed value of S, on the other hand, will have 
a one-way effect, not to be reduced by averaging. It will produce 
an equal relative error in x, whose effect on the result can be gauged 
by means of Fig. 2. In this diagram the curves are lines of con- 
stant r, and from r the result of the titration follows without 
reference to 8. The abscisse are proportional to log x, one large 
square representing a change of about 5% in 2, so that an error of 
5% in the assumed value of S will produce an error of one large 
square in the abscissa of the representative point. It follows that 
the slope of these curves represents the error in « which would just 
cancel an error of 5% in S. The effect of the possible error in 8 
is thus obtained as an equivalent error in ¢, which should of course 
be kept smaller than the experimental uncertainty in «. In the 
diagram three dotted lines of constant X have been inserted, viz., } 
X = 1, X = 0-5, and X = — 0-5 (they are roughly parallel to the 
line X = r = 0), and it is seen that the error in e which is equivalent 
to a 5% error in S is about 0-35 millivolt when X-= 1, nearly 
0-7 millivolt when X = 0-5, and about 1-25 millivolts at the end- 
point, while at half a unit past the end-point (when X = — 0°5) 
it is about 1-8 millivolts. 

Thus on approaching within 4 unit of the end-point with the 
object of obtaining the highest sensitivity in ¢, it is necessary to 
know the value of S within -- 2%; and when the uncertainty in 
S is appreciably greater than this, the best result is obtained by 
not approaching the end-point so closely. 

7. This method depends upon the experimental realisation of 
only one-half of the titration curve expressed by equation (8). 
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It is applicable, for instance, to acidimetry with a quinhydrone 
electrode, and in the presence of carbon dioxide. Its main dis- 
advantage is the necessity for fairly precise knowledge of the 
constant S, in order to obtain the highest precision. When, as in 
the case of the silver-chloride titration for example, the whole 
of the titration curve conforms to equation (8), a method becomes 
available which is free from this disadvantage, no knowledge of 
8 being required. 

8. Method III. Refined Method (S unknown).—This depends upon 
the measurement of two successive potential changes, « and e’, 
corresponding to two successive additions of reagent, m and m’ c.c. ; 
from these four quantities, together with the approximate volume 
of the solution at the intermediate stage, the result of the titration 
is calculated, without either assuming or determining the value of 
S. Thus three stages are involved, the two already considered 
(M’, V’, Z’, and M, V, E£) to which equations (12) and (7) corre- 
spond, and a later stage (M +m, V +m, E —’), for which a 
similar equation may be written, viz., 


A—z=sinh(U—w’) ... . (23) 
so that wu’ = Fe/RT = 0-04 ¢’,>, and 
xz’ = m'nV./28V(V +m’). . . . (24) 
From equations (7) and (12), the relation 
X /x = #{tanh (U + 4u)cothiu—1] . . (25) 
is derived, and from (7) and (23), similarly, 
X /x’ = {tanh (0 — 3u’)coth du’ +1) . . (26) 


Between (25) and (26), U can be eliminated, giving 
2X = (xcoth 4u — zx’ coth 4 w’) coth $ (u +w’)—(w@— 2’) ~. (27) 
By substituting for X, x, x’, u, and wu’, making use of the function 
tabulated in Table I (Part I), and dividing throughout by nV,/SV?, 
one obtains 

| SRB S. , ; m . f(<) m’ . f(e’) | 
lx mV = [1 + 2f(e+¢ i 5 mV ~yT m']V + 

; m a . 
fe+ lyre ml: + 8) 

When the values of ¢, <’, m, m’, and the approximate value of 
V are inserted (from experiment) this equation reduces to a linear 
equation for M (which gives the result of the titration). 


In practice (¢ + e’) is of the order of 100 millivolts or more, and 
mand m’ are not large fractions of V, so approximation gives 


M (app.) = me . fle) — mef(e’) . .. (29) 
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where m, = m + m?/V, and m,’ = m’ — m’2/V. The small terms 
neglected in this approximation are almost exactly 


(Small terms) M?(app.)/V + [m?/V2.m,.f(e) — 
m'?/V2.m.' . f(e’)] + fle + ©')[2M (app.) + (m. — m,’)] . (30) 


In the examples given in Section 11, these small terms are in 
each case roughly evaluated and added to the approximate result 
obtained by the use of (29), but, as may be seen, the correction is 
only of the same order of magnitude as the uncertainty of the 
result. 

9. Alternatively a graphical method of calculation may be used. 
When divided throughout by 2x, equation (27) gives (in terms of 
the function f) 
r=X/e=[1 +2fle+e')Ife)—a. fle +fle+e)[1—a] . (31) 
where a = 2'/x = m'(V — m)/m(V +m’). This relation can be 
expressed graphically for any fixed value of a. Fig. 3 represents 
the case where x’ = 2, and 


r=[1 + 2f(e + e')If(e)—fle)] . . ~ (82) 
If the second addition of reagent (m’) is made such that 
m’ =m/(l1—2m/V). . . « » (3) 


the condition x = x’ is fulfilled, and the measured potential changes 
< and e’ (corrected to 17°) then fix a point on this diagram, whose 
position on the scale formed by the curves gives the value of r; 
whence the result of the titration follows by equation (19) or (20). 

10. Conditions for Precision of Method III.—If the second of the 
three stages concerned is within } unit of the end-point (on either 
side of it), and the other two stages are at least 5 units earlier and 
later, respectively, both the potential changes will be of high 
sensitivity (see Section 5), and it is obvious that these are the con- 
ditions for high precision by this method (but see Section 13). 
Knowledge of the value of the constant S is not required, although 
a rough estimate of it is useful in arranging the conditions. It is 
really only necessary, however, that the intermediate stage should 
be as near as can be judged (by use of Method I) to the end-point, 
and that the two potential changes should be of the order of 50 
millivolts or more. 

ll. Results. 

Some examples of the application of Method III (chiefly) are 
recorded below. Apparatus and materials were essentially as 
in Part I, and the gradual fall of the potential of the quinhydrone 
electrode, due to dilution of the acid present by the added reagent, 
was allowed for by correcting the measured potentials to a constant 
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volume such as 100 or 1000 c.c. (according to Part I, Section 11). 
This correction is given under the heading “ Corr.” 
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Curves of constant r, forming a numbered scale (the value of r is given at 
the right-hand end of each curve). Subject to the condition that 2’ = 2, #.e., 
that m’ = m/(1 — 2m/V), the ordinate represents the first of the two successive 
potential changes (e,,°), and the abscissa the second (e’,,°), and the position of 
the point so defined, on the scale of r formed by the curves, gives the value of r. 
The dotted lines are typical lines of constant X ‘X = + 0°5 and X = — 0°5) 
and of constant x (~ = 3, 4, and 8). 
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Example 1. 1000 C.c. N/1000-KCl titrated by N/100-AgNO, 
(temp. ~ 14°5°). 


(Actually known to be equivalent to 98-5 c.c. of AgNO,, but 
titrated as if only known to be stronger than N /2000.) 


By Method I (see Part I, Section 10, Example 3) from stages 
0, I, and II, the number (J) of c.c. of reagent still required at 
Stage II, is found to be about 13-7. Hence 13 c.c. are now added, 
and afterwards a further 12 c.c. (the unit 2SV’/n being roughly 
2-5 c.c.); the corresponding potentials are measured (Stages III 
and IV) and (together with Fy) corrected (a) to 17° by addition 
of the small correction, 7/120 (see Part I, Section 5), and (b) to 
1000 c.c. volume as regards the quinhydrone electrode. 


M,— M 
Stage. M, — M. 1000 * Corr. E (expt.) Ey7. E (corr.) 
II 85 0-085 2-0 172-2 173-6 175-6 
IIl 98 0-098 2-3 118-1 119-1 121-4 
IV 110 0-110 2-6 58-3 58-8 61-4 


Then from the potential changes, « and e’ (Stages II—III and 
IlI—IV, respectively), and the corresponding additions of reagent, 
m and m’, together with the approximate volume V(= 1100 at 
Stage ITI), the amount of reagent still required at Stage III [M (app.)| 
is calculated by equation (29), and so by addition of (J, — M), 
which is 98 at Stage III, the result M, (app.) is obtained. The 
small terms are then approximately evaluated by the formula (30) 
and added, to obtain the final M. 


Stages. €. f(©. m. +m/V. me» Me, . f(€). m?/V*. m,.f(€). 
1 


II-III 642 00-1292 13 +015 18-15 -699 0-0002 
ItI—_IvV 600 0-0998 12 —0:13 11-87 1-185 0-0001 
Sle + &) = 0-0105 (m, — m’c) = 1:28 | M(app.) = 0°51, | Diff. = 0-0001 
M, (app.) = 98-51, 
Small terms: {0-0003 + 0-0001 + 0-0105[2 x 0-515 + 1-28]} ~ 0-025. 
M, = 98-54. Error = +0-04% 


Example 2. 100 C.c. N/1000-KCI titrated by N/1000-AgNO, 
(temp. ~ 20°). 


(Actually known to be equivalent to 98-5 c.c. of AgNOg, but 
titrated as if only known to be stronger than N /4000.) 


By Method I (see Part I, Example 4) the amount of reagent 
still required at Stage II is found to be about 24 c.c.; 21 c.c. are 
added (the unit 2SV/n being roughly 5 c.c.) followed by 4 c.c. 
and then a further 25 c.c., the corresponding potentials (Stages II, 
IV, and V) being measured, and corrections being made to 17° and 
100 c.c. 
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M, 7 M 
Stage. M, — M. 100 ° Corr. E (expt.) E,,’. ZZ. (corr.) 
II 75 0-75 14-0 190-4 188-5 202-5 
Iil 96 0-96 16-8 139-8 138-4 155-2 
IV 100 1-0 17-3 120-5 119-3 136-6 
V 125 . 1-25 20-3 68-4 67:7 88-0 


Two independent calculations are now made, from Stages II— 


[II—V and from Stages II—IV—V, respectively, each as in Example 
1, and the results averaged. 


(a) From Stages II, ITT, and V. V = 196 (Stage ITI). 


Stages. €. Tile). m x+m*/V. Me. Me .f (©). m*/V*, me. f(©). 
II—III 473 0-1776 21 +2°25 23°25 4-13 0-047, 
ILI—V 67:2 0-:0730 29 —4:29 24-71 1:80, 0-039. 
Sle + €’) = 00104 (m, — m’,.)= —1:46| M(app.)= 2-32, Diff. = 0-008 
M,(app.) = 98°32, 
Small terms: [0-028 + 0-008 + 0-0104{2 x 2-33 — 1-46}] = 0-069 
M, = 98:39;. Error = — 0-11%. 


(6) From Stages IT, IV, and V. V = 200 (Stage IV). 

II—IV 65:9 00-0772 25 +313 28-13 2°17, 0-034 
1V¥—V. 48-6 0-1671 25 —3:13 21-87 3-65, 0-057 
Sle + €’) = 0-0104 (m, — m’;) = 626 | M(app.) =—1-48,| Diff. = —0-023 

M, (app.) = 98-51, 
Small terms : {0-011 — 0-023 + 0-0104[2 x (—1-48) + 6-26]} ~ 0-02, 
M, = 98-54. Error = +0-04%. 

Mean result from (a) and (b): M, (mean) = 98-47. Error = —0-03%. 


Example 3. 1000 C.c. V/10,000-KCI titrated by V/1000-AgNO, 
(temp. ~ 17°). 
(Actually known to be equivalent to 98-5 c.c. of AgNO,, but 
titrated as if only known to be stronger than N/15,000.) 


The unit 2SV /n being approximately 25 c.c., Method I is inapplic- 
able from the commencement, the end-point being too near. The 
first approximation is therefore obtained by Method II, on the 
assumption that the unit is about 25 c.c.; 15 c.c. of reagent are 
added and the initial potential is measured. Then 50 c.c. (2 units) 
more are added and the second potential is measured. The poten- 
tials are corrected to 1000 c.c. as regards the quinhydrone electrode, 
and subtracted. From the curve, x = 2 (Fig. 1), the value of X 
corresponding to the change of potential (<) is read, and multiplied 
by 25, thus giving M (app.). 

M,—M 
Stage. M,—M. 1000 © Corr. ZH (expt.). H(corr.). «. m. x. 2’. M (app.). 


0 15 0-015 0-4 167-9 168-3 
I 65 0-065 1-6 145-5 147-1 21:250 2 1:25 31:3 


Additior of the correction (MM’/V’ ~ 2-5) for change in the unit gives 
M = 33-8, M, = 988. 

Assuming, therefore, that about 34 c.c. of reagent are still required 
at Stage IT, one adds, first, 25 c.c., then successively 10 c.c., 10 c.c., 
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and 100 c.c., measuring the four corresponding potentials and 
correcting as before. 


M,—M 

Stage. M, — M. 1000 * Corr. E (expt.). E (corr.). 
II 0-09 2-2 126-0 128-2 
IIt 0-10 2-4 116-1 118-5 
IV 0-11 2-6 107-2 109-8 
V 0-21 4-8 64-0 68-8 


Then three calculations are made (from 0—II—V, from 0—ITI— 
V, and from 0—IV—V, respectively), each as in Example 1, 
and the results averaged. 


(a) From Stages 0, IT, and V. V = 1090 (Stage I). 

Stages. €. f(e. Mm. +m?/V. me. ‘ y m?/V? . mef(e), 

o—II 40-1 0-2517 75 + 5°16 80-16 Z “ 
II—V 59-4 0-1025 120 —13-21 106-79 x g 
Sle +e’) = 0019 (me — m’c) = —26°6 M (app.) } Diff. = —0-03 
M, (app.) : 

Small terms : {0:08 — 0-03 + 0:019[2 x 9:2 — 26-6]} 

M, = 99:1. Error = +0-06%. 


(b) From Stages 0, IIT, and V. V. = 1100 (Stage ITI). 
0—III 49-8 0-1585 85 + 657 91-57 | 14-51 | 0-09 
IlI—V 49-7 0-1587 110 —11:00 99-00 15°71 0-16 
“(e+ e¢’) = 0-019 (me — mc) = —7-4 Mi(app.) =-—1:2 | Diff. = —0-07 


M, (app.) = 98:8 
Small terms : {0-00 — 0-07 + 0-019[2 x (—1-2) — 7-4]} ~ —0-26 
M, = 98°54. Error = +0-04%. 


(c) From Stages 0, IV, and V. V = 1110 (Stage IV). 

0—IV 58-5 0:1066 95 +8-13 103-13 10-99 0-08 
IvV—V 41:0 0-2407 100 —901 90-99 21-90 0-18 
fle +e’) =0:019 (me — m’c) = 4-121 M (app.) =—10-9, | Diff. = —0-10 
M, (app.) = 99-0, 
Small terms : {0-11 — 0-10 + 0-019[2 x (—10-9) + 12-1]}} W-— 0-17 
M, = 98-9,. Error = +0-4,%. 

Mean result from (a), (b), and (c): M, (mean) = 98°8,. Error = +0°3,;%. 


12. Determination of the End-point Potential, and of the Constant 
S.—The result of the titration is obtained without calculating 
either of these quantities. Both, however, may be calculated from 
the measurements if they are of interest, and this is probably the 
most exact method of determining them. Various formule might 
be given for the calculation of #,. For instance from equation 
(25) the relation 


fley + 2(E — Ey] = Ufle) — r1/. + 27). (34) 
or, alternatively, 
f(2H — 2B.) = (1 + flere) Mflerx)/r — W/L + 2flerz)] (34a) 
is obtained, which enables EZ, to be evaluated by means of Table I 


(Part I), the value of r being obtained either directly by equation 
(31), or from the result of the titration and equation (19). 


Thus 
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When E, is known, U is known, and S can then be calculated by 
the formula 
28 = — (35) 
“Fa — m) sinh (u + U) + (V + m’)sinh (w’ — U) 


n(m + m') hae (36) 


(V — m) sinh [0- we + (E— E17 arf 
(V7. aw ain (Oba iz — (EF — E.)17}) 
the hyperbolic sines being obtained from Table I (this Part). 

The precise measurement of H, under standard conditions is of 
interest in connexion with ‘“ absolute ’’ methods of potentiometric 
titration (see Part I and previous paper, Joc. cit.), whilst the value of 
§ is required in Method II, described above. 

13. Precision of Method III, and Dependence on the Constancy 
of S.—Analytically the small error (dM) in M due to small errors, 
du and du’, in wu and wu’, can be estimated by the equation 


n _._ p-dw—duy 
2S8V ° om = Asech U + pA’ sech U Re on, 
where A sech U and A’ sech U represent [sech U — (V/V’) sech 
(U +u)]and [sech U — V/(V +m’). sech (U — u)]respectively, and 


= [tanh (U + u) — tanh U]/[tanh U — tanh (U — u)]. 


Thus p represents the relative importance of equal errors in wu and 
w' (p is also the expression for the slope of the curves in Fig. 3). 
The conditions for high precision are easily deduced from equation 
(37). Under the ideal conditions (X = 0 and both x and 2’ are 
infinite), it reduces to (n/2SV).dM = 4 (du’ — du), showing that 
(under these conditions) equal errors in w and wu’ will cancel if in the 
same direction, and if in opposite directions will have the same 
effect as a single error of the same magnitude as either in u in 
Method II. Thus the minimum absolute uncertainty is the same 
as for Method II, but the probable error is less, and also the 
precision is not dependent on knowledge of S. 

With regard to the effect of slight variation of S during the course 
of a titration, it can be shown that if it changes by 1% between 
the first and second of the three stages the effect will be equivalent 
to an error of about 0-25 millivolt in the first potential change (e) ; 
and similarly as between the second and third stages. The effects 
on the result are in the same direction when the variations in S 
are in the same direction. 


Summary. 


The methods described depend on the changes of the potential 
of the indicator-electrode, not on the particular values of the 
potential. Method I (see Part I) is applicable in all ordinary 
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cases, where an absolute uncertainty of the order of one-fifth or 
one-seventh of the solubility of silver chloride (or the correspond. 
ing constant) is permissible. A first tentative addition of reagent 
is made, and from the resulting potential change an approximate 
estimate of the amount still required is obtained by the use of 
Table I. Nearly this amount is then added, and the small residual 
deficiency is precisely evaluated by the same means. Precision 
depends chiefly on the closeness of approach to the end-point, 
which in the most dilute solutions is limited by the incompleteness 
of the reaction (which would invalidate the method) in the neigh. 
bourhood of the end-point. 

The other two methods (Part II), essentially for very dilute 
solutions, are of a somewhat higher order of absolute precision. 
Method II is the extension of Method I to and beyond the end. 
point, depending upon fairly precise knowledge of the constant § 
(the solubility of silver chloride in the solution), and the use either 
of a set of accurately drawn curves (Figs. 1 and 2) or of a numerical 
table (Table I, Part I). 

Method III is independent of knowledge of the constant S. From 
the two potential changes produced by two successive additions 
of reagent, the result of the titration is accurately obtained, either 
by a simple calculation with the aid of Table I or by the use of a 
set of curves (Fig. 3). 

Methods II and III depend upon the conformity of the titration 
curve (on one side of the end-point, for Method II; on both sides 
for Method III) to a slightly simplified form of a general equation 
(Part II, Section 1) deduced (on the assumption of a reversible 
electrode) on thermodynamic grounds only. 


Thanks are due to the Trustees of the Brunner Mond Research 
Fund out of which the cost of apparatus used in this research was 
defrayed. 
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CXVIT.—Autoxidation during Slow Combustion. 
By Ernest WALTER JOHN MARDLES. 


THE work carried out during 1925 in this laboratory included 4 
study of fuel detonation from the purely physical side (Callendar 
and others, R. & M. No. 1013), which led to the conclusion that 
the onset of detonation at high compression ratios, in the case of 
liquid fuels, was due to the persistence of nuclear drops or residues 
of low ignition point, forming a relatively small percentage of the 
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charge. ‘The remarkable effect of very small quantities of organo- 
metallic compounds, such as lead tetraethyl and iron or nickel 
carbonyl, was attributed to the reducing action of the metal, which 
became concentrated in the nuclear residues, thus delaying their 
ignition. 

A further study of the phenomena of slow combustion from the 
chemical side (Aeronautical Research Committee, R. & M. No. 
1062, 1926; Engineering, Feb. 4th, 1927) confirmed these con- 
clusions by showing that such nuclei in the form of fog and dew 
always preceded or accompanied the initial stage of oxidation. 
Analysis of the products of the reaction revealed traces of active 
oxygen, which became much more marked when the fuel was 
injected in the form of a fine spray, indicating the formation in the 
nuclear drops of some explosive organic peroxide, which would 
naturally account for their simultaneous ignition. The addition of 
lead tetraethyl to the fuel under these conditions completely 
changed the course of the reaction, inhibiting the appearance of 
active oxygen in the products, and raising the temperature of 
spontaneous ignition of the mixture. 

Further experimental evidence has since been obtained in support 
of these conclusions, which helps to clear up some of the difficulties 
of the subject, and to answer most of the objections which have 
been raised against the theory of autoxidation. 


EXPERIMENTAL. 


Several independent methods have been employed, the most 
important of which will be referred to for brevity as (a) the tube 
method, (6) the bulb method. 

(2) The tube method has been described fully (Callendar and 
others, loc. cit.) and was devised primarily with the view of identify- 
ing the produgts of reactions occurring in a fuel-air mixture when 
passed through a heated tube at any desired temperature. (6) In 
the bulb method, the mixture was heated in a closed bulb in order 
to obtain supplementary evidence with regard to the rate of reaction 
as the temperature was slowly raised. In both (a) and (6), the 
apparatus was duplicated and arranged differentially with a pair 
of tubes or bulbs heated under identical conditions, in order to 
observe more accurately differences of behaviour between different 
mixtures and changes induced by the addition of small quantities 
of oxidising or reducing agents. 


(a) The Tube Method. 


Some of the results of this method will be briefly summarised 
before proceeding to particular cases. The temperature of the 
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furnace, which was varied from about 150° to 700° as required, 
could be observed at any time with a platinum thermometer 
inserted in one of the experimental tubes. The temperature at 
which any action became observable was usually recorded as the 
temperature of initial combustion, though the reaction indicated 
was often quite different from that of complete combustion in a 
flame. The temperature of inflammation—that at which each 
mixture caught fire—could also be observed with considerable 
accuracy. The products of the initial reaction were accompanied 
by a fine and very persistent fog, which passed through all the 
reagents without absorption. This tended to confirm the nuclear 
origin of the reaction, but the products isolated were comparatively 
stable, familiar substances, such as aldehydes and acids, which 
were found to have no appreciable effect on detonation in an engine. 
It was concluded that these were final products of decomposition 
of some more active and unstable compounds, the search for which 
resulted in the discovery of the presence of active oxygen, pre- 
sumably in the form of organic peroxides. 

Additional Experiments. Tube Method.—(1) Oxidation of hexane. 
The hot gases from hexane-air mixtures were passed directly into 
slightly acidified potassium iodide solution, and the liberated iodine 
was titrated with N/50-sodium thiosulphate solution. There was 
only a very small quantity of “‘ active ” oxygen present when the 
gas mixture passing through the tube was heated longer than 
1 minute, especially at higher temperatures. With decreasing times 
of heating, much larger yields were obtained, especially when the 
mixture was not completely vaporised but was introduced in the 
form of a fine spray containing minute drops of liquid. This is 
illustrated in Fig. 1, the values being calculated for 1 g. of hexane 
consumed (mixture strength about 12%). 

In a further attempt to isolate the peroxides, a condenser made 
of German silver, through which cold water circulated, was inserted 
into the exit end of the tube heated in a vertical position. The 
condensate when concentrated in a vacuum left a gummy residue, 
which did not detonate on heating, but consisted merely of decom- 
position products. It would thus appear that the life of the 
primary peroxides (addition products of the fuel with oxygen 
molecules) is exceedingly short on account of their thermal in- 
stability and reactivity. 

Staudinger (Ber., 1925, 58, 1075), who was unable to isolate 
primary peroxides, used the term “ peroxide ” for compounds of 
known structure and the name ‘“‘ moloxide ” when the structure of 
the primary autoxidation product was not known or when the 
product could not be isolated. He considered that the moloxides 
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are very rich in energy and too unstable to permit of isolation. 
The peroxides he succeeded in isolating were violent explosives ; 
for instance, the small amounts clinging to the walls of the 
container were often sufficient to shatter the vessel. 

Legler (Ber., 1885, 18, 3343) isolated an organic peroxide, which 
exploded as violently as benzenediazonium nitrate, from the slow 
combustion products of ethyl ether in air, by concentrating the 
liquid obtained by condensation. However, this organic peroxide 
was of smaller molecular weight than the primary peroxide known 
to be formed from the oxidation of ether in air. 
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(2) Auloxidation of benzene, aniline, etc., in presence of hexane. 
When a small percentage of alcohol or benzene was added to the 
hexane, the yield of “active” oxygen was decreased. Other 
substances had a similar effect, reaching a maximum with iron 
carbonyl and lead tetraethyl. Some qualitative results are given 
in Table I for a 15% hexane-air mixture at temperatures below 

400° (time of heating, about 25 secs.). 

A similar reduction of ‘active’? oxygen was observed when 
phenol or aniline was added to ether vapour mixed with air. 

It was also found that a decrease in yield of aldehydes occurred, 
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TABLE I. 
Substance added to hexane vapour, Effect on amount of “‘ active” 

and approximate proportion. oxygen produced. 
Ethyl alcohol  sicsisscecdssesecsendscssbs 5% Marked decrease. 
Butyl aloghol ..,...2...55+--0sseseteeens 2% Slight ” 
Benzene and toluene 5% Moderate ,, 
Me 50 5shsi05. oe escciidi. Jiccsdiersdcs 2% Marked Po 
Phenol and m-cresol —.......2,...0e200 — - ie 
CRPIGH INONGRIMS ......5......0c00cccce0s 10% None observed. 
Lead tetraethyl] ...............cseseeees 0:2% Re + 
SG MORMIEEG aps cose n cee ineo-arisespey 0-1% os ul 


especially with iron carbonyl and lead tetraethyl, indicating that 
peroxide and aldehyde formation were related. These results were 
obtained with a moderate time of heating and low temperature, no 
“ active” oxygen being detected in the products of combustion of 
ethyl or butyl alcohol; with more rapid rates of heating and tem. 
peratures about 500—600°, a slight amount of “ active ’”’ oxygen 
was obtained with ethyl alcohol and a larger amount with butyl 
alcohol, benzene, etc. (compare Bach, Compt. rend., 1897, 124, 951). 

When benzene vapour was added to a hexane-air mixture and 
then passed through the hot tube at a temperature below 500° (at 
which the benzene vapour alone would remain unoxidised in air), 
autoxidation of the benzene occurred, since when bromine-water 
was added to the condensed products of slow combustion a small 
quantity of a white solid separated, m. p. 90°, which was identified 
as tribromophenol. An experiment was carried out to illustrate 
the autoxidation of aniline in the presence of hexane undergoing 
incipient oxidation. Three tubes were placed in the furnace kept 
at 350°, at which temperature aniline is relatively stable to oxid- 
ation. Through the first a hexane-air mixture was passed, througli 
the second aniline vapour and air, and through the third a mixture 
of aniline and hexane vapour with air, the three tubes being arranged 
so that the conditions were as nearly as possible the same for all 
After the mixtures had been passed for about 1 hour, the tube 
through which aniline and hexane vapour were passed contained a 
brown deposit on the walls, especially at the exit end of the tube, 
and the other tubes were nearly clean. The condition of the dirty 
tube resembled that with aniline vapour-air at a temperature 
above 500° when oxidation of aniline is known to occur. 

The removal of the “‘ active” oxygen by aniline through autoxid- 
ation accounts at once for the anti-detonating action of this sub- 
stance, but is not in agreement with the primary dehydrogenation 
theory of Lewis (J., 1927, 1555). 

(3) The influence of hydrogen peroxide on the combustion of hydro 
carbons. In the course of engine experiments at the Air Ministry 
Laboratory, it was found that hydrogen peroxide solution added 
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to the fuel behaved similarly to water (Table II). When a fine 
spray of water was injected into a hexane-air mixture passing 
through a heated glass tube, the temperature at which the aldehydes 
were first observed was several degrees higher than without the 
water. No ionisation was observed below 500°. With a concen- 
trated hydrogen peroxide solution (60%) a similar effoct was 
obtained, and again no ionisation could be detected. It is con- 
cluded that hydrogen peroxide does not autoxidise the combustion, 
and that any such effect previously obtained was due to the initial 
formation of much more active and unstable peroxides which could 
yield hydrogen peroxide by hydrolysis. 

This conclusion accords with that established by the Traube- 
Hoppe Seyler discussion on the mechanism of autoxidation (Ber., 
1879, 12, 1551; 1883, 16, 117; 1889, 22, 2215), viz., that hydrogen 
peroxide is a relatively passive substance. Furthermore, the 
presence of hydrogen peroxide in the products of oxidation has long 
been known (compare Babo, Jahresber., 1864, 135; Schénbein, 
J. pr. Chem., 1866, 282, 258), and Clover (J. Amer. Chem. Soc., 
1922, 44, 1107) emphasised the fact that hydrogen peroxide was 
not a primary product in the oxidation of ether, but one of 
decomposition. 


TABLE IT. 


Effect of peroxides on the highest useful compression ratio (H.U.C.R.) 
of fuels determined in an E.35 variable-compression engine. 


Observed 
Fuel. H.U.C.R. 
*60/40| Tither—elooliol WaiWAne. <osecseccsivsacscssevncscsssseosessdes 4-9 


ee a SR ee ee ee ener: 5 
» plus 5% (vol.) H,O, solution (40 vol.) ..............0ceee0e 5 
Petaes GIR: .ricidedsdecavcabeteibocdshbes ees cisscenece vensonmeccesin 4-4 
» plus 0-5% (weight) methyl ethyl ketone peroxide 4 
»» plus 2-0% (weight) ethyl hydrogen peroxide ............ 4 


* Ethyl ether 60%, ethyl alcohol 40% (by vol.). 


TaBce ITI. 


he influence of hydrogen peroxide on temperature of ignition 
(liquid sprayed into tube). 


Fuel. Temp. 

ee A acrid senthhidiniissietacnadercutenichenssnpbiaiacioon 570° 
» plus 10% (vol.) addition of water ..............cccsceeees 575 
» plus 10% (vol.) H,O, solution (60%)  ............cecees 570 
eI IIE sini neenncteainnsinenesiatabanbiinereansentbeaneusebion 545 
= Se OTe, ONT MINE ince ccosececscccocceccesseewescckesc 559 
» plus 10% (vol.) H,O, soltation ............cccccccccccece 560 


GG 
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Action of Organic Peroxides on the Self-ignition Temperature of 
Small Drops. 


It was shown (Callendar, 1927) that the addition of lead tetra- In 
ethyl to the spray of a hydrocarbon in air passing through a hot 
tube extinguished the flashes of flame, and that the addition of a 
detonation-inducing substance, such as isoamy]l nitrite, lowered the 
self-ignition temperature. 

Ormandy and Craven (J. Inst. Pet. Tech., 1924, 10, 335) found 
that lead tetraethyl apparently had little effect on the self-ignition 
temperature of petrol drops in the Moore apparatus, but further 
investigations relating to the self-ignition temperatures of organic 
vapours, and the effect of numerous anti-knock substances on these 
temperatures, have been carried out by a number of workers using 
the Moore method (Egerton and Gates, Aeronautical Research 
Committee, R. & M. No. 1079; J. Inst. Pet. Tech., 1927, 13, 244; 
Weerman, ibid., p. 300; Tanaka and Nagai, Proc. Imp. Acad. 
Tokio, 1926, 2, 221), and it has been found that lead tetraethyl 
and other organometallic compounds which delay detonation in the J pee, 
internal-combustion engine have a marked action in raising the J |997 
self-ignition temperature. dem 

The action of nitrogen peroxide, isoamyl nitrite, and benzoyl § pix; 
peroxide on the self-ignition temperatures of sprays of various andj 
substances in air passing through a hot glass tube was studiel ff , 
The results of a number of experiments are in Table IV, from§ deco, 
which it will be seen that nitrogen peroxide is particularly effective, B yp. 
and benzoyl peroxide much less so. oxida 

Referring to Table IV(a), it was found by an additional experi-§ py ;; 
ment that, after the temperature of ignition of the butyl alcoho posed 
had been lowered to 235° by the addition of 5% (by vol.) of nitrogen§ j,,, 
peroxide, it could be raised to 460° by the addition of 5% (by vol.) sonst 
of lead tetraethyl. At this temperature the mixture burned with af fpo), | 
feeble flame, easily extinguished. to lea 

The remarkable lowering of the temperature of inflammation of j, ¢,) 
butyl alcohol from 590° to 235° by the addition of 5% of nitrogei§ whi}, 
peroxide, and the observed violent explosiveness of the mixture, joaq ; 
cannot be attributed directly to the liberation of molecular oxygelf decoy) 
by the nitrogen peroxide or to its explosiveness, since nitrogel jnyoc;: 
peroxide does not detonate on heating. It is concluded that the Bo5.4 
effect is due to autoxidation, and that this also accounts for the fq,.,7 
promotion of detonation in an engine by amyl nitrite and the Eger 
unstable organic peroxides (Table II). which 

The theory of autoxidation of fuels in connexion with detonatiol§ y.))_).,, 
in the internal-combustion engine has been discussed by Callendatf§ {,.,, D 
(1927) and the view that peroxidation occurs in the liquid state b# detonas 
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TasreE IV. 


Influence of some peroxides and amyl nitrite on spontaneous 
ignition temperatures. 
(a) Nitrogen peroxide, pro- 
portion added, % by vol. n-Buty!] alcohol. m-Xylene. 
0 590° 635° 
2-5 355 430 
5 235 — 


(6) Benzoyl peroxide, pro- n-Butyl Ethyl 
portion added, % by weight. alcohol. alcohol. m-Xylene. 
0 585° 570° 629° 
About 2 560 547 613 
(c) tsoAmy] nitrite, pro- 
portion added, % by vol. n-Butyl alcohol. m-Xylene. 
0 590° 635° 
2 552 567 
5 545 535 
10 518 507 
20 455 — 


been confirmed by Moureu, Dufraisse, and Chaux (Compt. rend., 
1927, 184, 29), using a different experimental method. It has been 
demonstrated that the presence of liquid droplets in a gaseous 
mixture considerably lowers the self-ignition temperature (Bennett 
and Mardles, J., 1927, 3155; Egerton and Gates, loc. cit.). 

Callendar (1925) showed that lead particles from the thermal 
decomposition of lead tetraethyl became concentrated on the 
surface of nuclear drops, which are thus protected against rapid 
oxidation and early self-ignition, the primary higher oxides formed 
by the oxygen molecule with the fuel being immediately decom- 
posed by the metal, and autoxidation being thus delayed. 

Egerton and Gates, in order to determine the effect of the metal 
constituent of dopes, carried out experiments with metal vapours 
from low-tension ares, and found that lead vapour behaved similarly 
to lead tetraethyl in raising the ignition temperature of petrol and 
in delaying detonation in the internal-combustion engine, a result 
which is strong evidence for the conclusion that the efficacy of 
lead tetraethyl is due to the metallic lead formed by thermal 
decomposition. A similar conclusion has been reached by other 
investigators from other points of view (e.g., Charch, Mack, and 
Boord, Ind. Eng. Chem., 1926, 8, 334; Sims and Mardles, 7’rans. 
Faraday Soc., 1926, 22, 363). 

Egerton and Gates have advanced the view that aldehydes, 
which they regard as having been produced in accord with the 
well-known hydroxylation theory of combustion of hydrocarbons, 
form peroxides, which autocatalyse the combustion, giving rise to 
detonation. This view cannot be maintained in the light of engine 
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experiments which show that aldehydes do not increase but rather 


delay detoriation. This result was one of the principal reasons for 


the replacement of the hydroxylation theory by the autoxidation 
theory of combustion, the hydroxyl compound which preceded the 
aldehyde formation, according to the hydroxylation theory, being 


also a substance not liable to detonate. 
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(6) Lnitial Combustion of Hydrocarbon—Air Miztures. ie 
The bulb method has already been described briefly. The oath 
arrangement of the apparatus is shown by Fig. 2. Two similar in the 
bulbs, which can be heated equally in a well-stirred oil-bath, ar expos 
connected differentially to a toluene manometer, as in Callendar’ yo 
compensated gas-thermometer; one is filled with dry air and the eat 
other with the hydrocarbon-air mixture under test. The increas.) 
of pressure due to heating is balanced by the differential arrange: 
ment, and the toluene manometer measures the pressure increas! 


Bulb Method. 


MARDLES : AUTOXIDATION DURING SLOW COMBUSTION. 881 


due to combustion only. This differential method is about 100 
times more sensitive than the single-bulb method in general use, in 
which a mercury manometer is used to measure the swm of the 
increases of pressure due to (1) heating and (2) the augmented 
number of molecules in the mixture due to the chemical reaction. 
An essential feature of the new design is the provision of tubes and 
taps at both ends of the bulbs, which greatly facilitate cleaning and 
drying, and make it easy to fill either bulb at any time with definite 
mixtures of known strength. 


Fia. 3. 


| A-28% ETHYL ETHER 'N AIR 
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Description of Curves obtained by Bulb Method.—In the inter- 
pretation of these curves it must be borne in mind that, whereas in 
the tube method a continuous flow of mixture is exposed to a very 
rapid rise of temperature for a short time rarely exceeding 1 minute, 
in the bulb method a constant volume of mixture is continuously 
exposed to a slow rise of temperature until the reaction is complete. 
A few typical curves illustrating the results thus obtained are 
shown in Figs. 3, 4, and 5. Those in Fig. 3 illustrate the case of 
simple ether—-air mixtures of different strengths, and completely 
confirm the results of the tube method. The curves are of the usual 
sigmoid type, and show that the reaction starts very slowly at first, 
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but that the rate increases exponentially with rise of temperature, 
becoming very rapid at a fairly definite temperature, and slowing 
down again as the reaction approaches completion. When the 
mixture strength is reduced, the curve is shifted in the direction of 
higher temperature by nearly 20° each time the strength is halved, 
as shown by the curves Band C. This indicates that the reaction 
is not merely a question of temperature, and that the starting point 
cannot be stated definitely within 1° or 2° (Lewis, J., 1927, 1560). 
It further supports the conclusion drawn from the tube method, 
that the reaction is due primarily to the formation of some very 
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active and short-lived additive compound, probably a peroxide, 
indications of which were found in the products. Since it has been 
shown that a reaction of this type occurs most readily in the liquid 
phase, the effect of mixture strength in lowering the temperature 
of initial combustion is immediately explained on the nuclear 
theory by the observation that nuclear drops are formed more 
readily in strong mixtures than in weak. 

The curves shown in Fig. 4 illustrate the effect of adding 5% of 
lead tetraethyl to a 15% hexane-air mixture. The hexane-ail 
mixture by itself gives a curve A very similar to those in Fig. 3, 
except that the reaction starts at a higher temperature and is less 
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rapidly completed than in the case of ether. The effect of a 5% 
addition of lead tetraethyl is shown by curve B, which appears 
simpler at first sight but is in reality more complex owing to the 
presence of three primary components of the reaction; this curve 
has been corrected (by a separate experiment) for the effect of the 
decomposition of the lead tetraethyl when mixed with air in the 
absence of hexane. It has already been shown by the tube method 
that the first effect of this addition to a hexane—air mixture is to 
lower the temperature at which the reaction starts, owing to action 
at the surface of the liberated metal. This effect is confirmed by 


Fig. 5. 


A Ether-air mixture plus 5% lead tetraethyl. 

B_ Ether-air mixture alone. 

C Curve “A” corrected for pressure rise due to oxidation of lead 
tetraethyl alone. 


“~~ “ ss, ig y + t +t + + 
40° = iS0°—s«160°~—s: 170° 180° 190° 200° 210° 220° 230° 240° 
1 emperature. 


the bulb method. The subsequent course of the reaction is com- 
pletely modified by the suppression of active oxygen (as demon- 
strated by the tube experiments) which wipes out the steep rise of 
the hexane curve A, attributed to autoxidation, by preventing the 
accumulation of peroxides in sufficient quantity to autocatalyse the 
reaction. 

It is clear that the formation of short-lived peroxides could not 
be expected to cause any appreciable drop of pressure in the initial 
stages of the reaction, because any such effect would be more than 
compensated by their rapid decomposition. 

The curves in Fig. 5 (in which the pressure scale is half that of 
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Figs. 3 and 4) show the effect of lead tetraethyl on a rich ether-air 
mixture similar to Ain Fig.3. It has already been shown (Callendar 
and others, R. & M. 1013; Engineering, April 9th, 1926, et seq.) that 
the presence of ether induces oxidation and decomposition of the 
lead compound at much lower temperatures than the presence of 
hexane. This is confirmed by the first part of curve A in Fig. 5, 
where the increase of pressure shown is due almost entirely to this 
cause. The corrected curve C, in which this effect is allowed for, 
is very similar to that found in the case of hexane. Sufficient lead 
remains, presumably in the nuclei where it would naturally be 
concentrated, to obliterate the autoxidation stage of the ether 
curve B at the normal temperature of 180°. But a much larger 
proportion of lead tetraethyl is required to produce this effect in 
the bulb method than to prevent detonation in an engine, since it 
is not merely a question of delaying the reaction for a small fraction 
of a second as in the engine, but of providing sufficient lead to 
prevent oxidation of the fuel in the bulb at a given temperature 
when unlimited time is allowed. 


Results and Conclusions. 


(a) The yield of active oxygen obtained during the slow oxid- 
ation of fuel-air mixtures is greatly diminished if heating of the 
mixture is continued longer than is required for the initial form- 
ation of the peroxide, showing that the primary peroxides, owing 
to their great activity, are very short-lived. 

(6) The activity of the primary peroxides formed in hexane-air 
or ether—air mixtures is also demonstrated by the autoxidation of 
benzene and aniline, which occurs readily in the presence of hexane 
or ether but cannot be induced at equally low temperatures in their 
absence. 

(c) The effects mentioned have been attributed by others to the 
action of hydrogen peroxide, but the experiments now described 
lead to the conclusion that the hydrogen peroxide produced from 
combustion in the heated tube or in the engine during compression 
is a decomposition product arising from much more active and 
unstable peroxides previously formed. 

(d) The experimental work confirms the view (R. & M. 1062) that 
detonation in an engine using liquid fuel is due to the formation of 
organic peroxides, which become concentrated in the nuclear drops 
during compression and ignite them simultaneously when the 
detonation temperature of the peroxide is reached. The addition 
of detonation-inducers (such as nitrogen peroxide, amy] nitrite, 
and benzoyl peroxide) to a variety of fuels shows that the 
temperature of spontaneous ignition is lowered in all cases, and 
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detonation-preventers (such as certain organo-metallic compounds) 
have the opposite effect. 


Acknowledgment is made to Professor H. L. Callendar, F.R.S., 
for his inspiring help, especially with regard to suitable methods 
and interpretation of the experimental results. 
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CXVIII.—The Absorption Spectra of Anthracene 
Derivatives. Part I. 


By EDWARD DE Barry BaRNETI, JAMES WILFRED CooK, and 
THomas Eric ELLIson. 


THE study of the valency problem presented by the meso-carbon 
atoms of anthracene has led to the discovery of many apparently 
anomalous reactions, the interpretation of which by purely chemical 
methods is difficult. It is proposed, therefore, to consider the 
evidence afforded by spectrophotography; and in the first place 
the effect produced on the spectrum by certain modifications of 
the molecule will be discussed. 

Anthracene itself has been examined by numerous investigators. 
The absorption spectrum of the alcoholic solution, as obtained by 
the Hartley method, shows six bands (Fig. 1), each subdivisible by 
more refined methods into two or more components (Capper and 
Marsh, J., 1926, 724); for ease of reference these are numbered 
I to VI in the figure and in the table. There is an approximately 
constant frequency difference between each of the bands I to V. 
As long as the so-called “‘ bridge ” bond is present, the introduction 
of other groups into the meso-positions of anthracene has remark- 
ably little effect on the spectrum. The mass of the substituent has 
an almost negligible influence on the amount of the displacement, 
one alkyl, alkyloxy, phenyl or benzyl group moving the spectrum 
as a whole 60—80 units of frequency towards the visible region, 
the position of band VI always being altered less than the positions 
of bands I to V. Thus the band heads of 9-methyl- and 9-benzy]l- 
anthracene are at the same frequencies. In these meso-substituted 
derivatives band II is slightly more persistent than band I, the 
reverse being the rule elsewhere. The introduction of a second 
substituent causes a further shift of about 70 units towards the 
visible “ corresponding bands of anthracene and 9-methyl- 

GQ 


886 BARNETT, COOK, AND ELLISON: THE ABSORPTION 


10-phenylanthracene, for example, having a frequency difference of 
about 140 units. In these 9: 10-disubstituted anthracenes band V 


ceases to be detectable. 
Fie. 1. 
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Anthracene. B 1: 5-Dichloro-9 : 10-dihydroanthraquinol. 
A 9:10-Dihydroanthracene. C 1:5:9:10-V'etrachloro-9 : 10-dihydroanthracene. 


1: 5-Dichloroanthracene and a few of its mono- and di-sub- 
stitution products have also been examined. The effect of the 
chlorine atoms is to move the whole spectrum towards the visible 
region, bands I to V being moved 90—95 units and band VI about 
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30 units in accordance with the above-mentioned rule that the 
position of band VI is invariably less affected by substitution than 
are the other five. No other alteration of the spectrum is observed, 
despite the profound influence of «-chlorine atoms on the chemical 
behaviour of the meso-carbon atoms. The effects of further sub- 
stitution on the spectrum of 1 : 5-dichloroanthracene are similar to 
those found with anthracene itself. 

9 : 10-Dihydroanthracene has been examined by Baly and Tuck 
(J., 1908, 93, 1902), but the evident impurity of their specimen 
has made a re-examination desirable, and it has now been found 
that the spectrum resembles that of an alkyl derivative of benzene, 
four major band heads being detectable at 3660, 3730, 3830, and 
4020 (Fig. 1). The effect of reduction on the fluorescence and 
absorption of anthracene is therefore analogous to that found in 
the acridine series (Dobbie and Tinkler, J., 1905, 87, 269). In the 
allied substances 1: 5:9: 10-tetrachloro-9 : 10-dihydroanthracene 
and 1: 5-dichloro-9 : 10-dihydroanthraquinol, the complex band 
system of the more symmetrical dihydroanthracene is fused into a 
single broad band, which on account of the mass of the substituents 
is nearer to the visible region than are the bands of dihydro- 
anthracene itself. Evidently the curve of this class of derivative 
has no detail in common with that of anthracene. 

The anthrones present a third type of derivative and a few of 
these have been examined. Anthrone itself, being in tautomeric 
equilibrium with anthranol, may be expected to possess a complex 
spectrum, but where, by replacement of the methylene hydrogen 
atoms by non-mobile groups, the possibility of such tautomeric 
change is excluded, a characteristic curve containing one broad, 
indefinite and shallow band is obtained. The spectra of 9: 9-di- 
methyl-, 9: 9-diphenyl-, and 9 : 9-dibenzyl-anthrone are shown in 
Fig. 2. 

The Mechanism of Bromination of meso-Alkylanthracenes.—The 
facile formation of w-bromo-derivatives of 9-alkyl- and 9: 10-di- 
alkyl-anthracenes has been discussed elsewhere (Barnett, Cook, and 
Matthews, Ber., 1926, 59, 1429, 2863; 1927, 60, 2353, 2366), and 
an explanation suggested based on the possible transannular 
tautomerism according to the scheme : 


C-CH, C:CH, 
CoH) aCoH + i C.Hy< >C,H, 
fi CH 


2 


The presence of the methylene phase would readily account for the 
side-chain bromination by addition of bromine to the double bond 
and elimination of hydrogen bromide across the ring. More definite 
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evidence of this type of tautomerism has been sought in a study of 
the spectra of the meso-alkylanthracenes, since a tautomeric change 
of this type might be indicated spectroscopically in two ways, viz., 
the curve might show bands characteristic of both the extreme 
phases of the oscillation, and it might show modifications due to 
the actual oscillation itself. The point may be illustrated by 


Fra. 2, Fie. 3. 
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reference to 1 : 5-dichloroanthrone (I), the curve of which is shown 
in Fig. 2. | 
C,H,Cl C,H,Cl C,H,Cl 


i) cH, Séo == cHeSé-on cH,:c< SCHPh (IL) 
6H Cl CoH 6H, Cl 


In this the anthracene bands are well marked, although less per- 
sistent than usual. The band with head at 3850 is of distinctly 
anthrone type, whereas the band with head at 3190 is possibly due 
to the tautomeric change. 

The spectra of the alkylanthracenes which possess the property 
of easy side-chain bromination have been examined along with 
those of certain other meso-substituted anthracenes such as 9-meth- 
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oxy- and 9-acetoxy-anthracene for the purposes of comparison, but 
a deviation from the normal the occurrence of which would support 
the hypothesis of transannular tautomerism has not been detected. 
The spectra have also been examined in the presence both of hydro- 
chloric acid and of sodium ethoxide, but neither acid nor alkali 
produces any observable effect. The very nature of the method, 
however, makes it impossible to say that tautomerism does not 
occur, particularly as selective absorption can scarcely be detected 
in 1: 5-dichloro-10-phenyl-9-methylene - 9 : 10 - dihydroanthracene 
(II), the only compound known definitely to have the methylene 
structure which has been examined up to the present. 

Derivatives of 1: 5-Dichloro-9-benzylanthracene——It has been 
shown (Barnett, Cook, and Matthews, loc. cit.) that 1 : 5-dichloro- 
9)-benzylanthracene yields two series of isomeric derivatives, viz., a 
colourless series obtained by direct replacement of the bromine 
atom in the bromo-compound (of which only one isomeride is 
known) and a yellow series obtained from the colourless compounds 
by isomeric change. An examination of the absorption spectra of 
the bromo-compound and of the colourless hydroxy- and methoxy- 
compounds (curve II, Fig. 3) has shown that the curves are indis- 
tinguishable from one another in the region examined (solutions of 
the bromo-compound could not be examined in higher concen- 
tration than M/10,000 on account of its instability and slight 
solubility). This is in agreement with the view already expressed, 
that the bromo-compound has a structure corresponding to that of 
the colourless series. The absorption curve, however, does not lead 
to a decision between the alternative structures (III and IV) 
suggested for these colourless compounds, as reference compounds 
of the two types are not available at present : 


iat H gl. C,H,Cl C,H,Cl 
CPhx— CH CHX< Sé CHPh CHPhX:> ceScu 
C,H,Cl C,H,Cl 

av.) (V.) 


The yellow hydroxy- and methoxy-compounds, on the other 
hand, give curves (curve I, Fig. 3) of the true “ anthracene ” type 
which are indistinguishable from that of 1 : 5-dichloro-9-benzyl- 
anthracene, and this is in harmony with the chemical evidence of 
he formula (V) already given to these compounds. 

The indiscriminate manner in which special structures, especially 
uinonoid, are assigned to organic compounds for no other reason 
han the possession of visible colour makes it of interest to note 
hat in all the “ bridge ” compounds dealt with in this communic- 
tion the electronic structure of the anthracene complex remains 
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the same although the visible colour ranges from colourless in the 
case of anthracene to greenish-yellow in the case of some of the 
derivatives of 1 : 5-dichloroanthracene. 

The greatest care has been taken to obtain all the substances 
used as pure as possible, every sample having been repeatedly 
recrystallised after the melting point had become constant. All 
the spectra were taken in ethyl-alcoholic solution. 


Table of Bands. 


Substituents. Oscillation frequencies. 
1 5 9 10 zs II. Ill. IV. V. VI. 
2660 2810 2970 3100 3250 3930 
COPh 2610 2750 2890 _— 3180 3910 
OAc 2600 2740 2890 3020 3170 3890 
Ph 2600 2730 2880 3000 3170 3860 
OMe 2580 2730 2870 3000 3160 3860 
Me 2580 2720 2850 2990 3160 3850 
CH,Ph 2580 2720 2850 2990 3160 3850 
Prf8 2580 2730 2870 2990 3140 3850 
iso-C,H,, 2570 2720 2850 2990 3140 38350 
ci Cl 2570 2720 2850 2990 3140 3900 
Me Ph 2520 2670 2820 2980 — 3840 
Ph Ph 2520 2670 2820 2980 — 3840 
iso-C;sH,, Ph 2520 2660 2820 2970 — 3840 
Cl Cl OAc 2510 2650 2790 2970 —_ 3890 
Cl Cl Me 2490 2630 2760 _ — 3850 
Ci Cl CH,Ph 2490 2620 2760 — — 3830 
Cl Cl CH(OH)Ph 2490 2620 2760 _ — 3830 
Cl Cl CH(OMe)Ph 2490 2620 2760 _— _ 3830 
Cl Cl CH,Br 2430 2550 — — —_— 3790 
qc sd #$Ph CH,Ph 2420 2530 2680 2830 ? 3760 
Cl Cl Anthrone * 2420 2530 2680 2820 — 


* 1: 5-Dichloroanthrone also has bands at 3190 and 3850. 


The authors’ thanks are due to Professor A. W. Stewart for the 
interest he has taken in this work. 
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CXIX.—The Complex Salts of Bivalent Platinum with 
aby-T riaminopropane. 
By FREDERICK GEORGE Mann. 


It has already been shown by the present author (J., 1926, 2681; 
1927, 1224) that chloroplatinic acid co-ordinates with triamino- 
propane trihydrochloride to give tetrachloro(triaminopropant- 
y-monohydrochloride) platinum, 


[Cl,PtNH,-CH,-CH(NH,)-CH,-NH,,HCI],H,0, 
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a compound whose resolution into optically active forms proves 
that the platinum is co-ordinated only to the «- and $-amino-groups, 
leaving the y-amino-group free to form a hydrochloride. It is now 
found that if potassium chloroplatinite is treated with triamino- 
propane trihydrochloride, dichloro(triaminopropane-monohydro- 
chloride)platinum monohydrate, 
[Cl, PtNH,-CH,-CH(NH,)-CH,-NH,,HCl],H,0, 

is formed similarly. This compound, like the tetrachloro-compound, 
might exist in two forms, one in which co-ordination occurs through 
the a- and §-amino-groups, giving a y-monohydrochloride (1), 


CH,-NH,Cl NH,Cl 


= ok in 
NH,°CH,°CH-NH, | seeds gorghotiar id 
| ~~ 64 Pe -" (II.) 


(I.) 


_- 


a | “se | 


and the other in which co-ordination occurs through the «- and 
y-amino-groups, giving a $-monohydrochloride (II). These iso- 
merides differ fundamentally in that (I) is dissymmetric, having the 
8-carbon atom (marked *) asymmetric, whereas (II) is symmetric: 
The resolution of this compound into optically active forms, described 
in the present paper, proves it to have the former constitution, 
being, like the tetrachloro-compound, a +y-monohydrochloride. 
It is therefore the second known compound in which asymmetry of a 
carbon atom is induced by the operation of auxiliary valencies. 

The properties of dichloro(triaminopropane-y-monohydrochloride)- 
platinum resemble closely those of the tetrachloro-compound ; 
e.g., the two optically active forms are both anhydrous, and the 
racemic product is a monohydrate. The most characteristic salt is 
again the y-monohydrogen oxalate, 

[Cl], PtNH,-CH,°CH(NH,)-CH,*NH,,(CO,H)s], 
which is rapidly precipitated when the monohydrochloride is treated 
in solution with oxalic acid. Furthermore, if the monohydro- 
chloride is treated with ammonia, the latter withdraws the hydrogen 
chloride, and the amino-group liberated immediately co-ordinates 
with the platinum, expelling a chlorine atom from the complex and 
giving monochlorotriaminopropaneplatinous monochloride, 

[CIPtNH,°CH,-CH(NH,)-CH,"NH,|Cl. 

Treatment of potassium chloroplatinite with an excess of tri- 
aminopropane base instead of the trihydrochloride gives rise, 
however, to two entirely different types of complex salt. Co- 
ordination in these circumstances is rapid, giving a colourless 
solution : if this is now concentrated, acidified with acetic acid, and 
treated with potassium thiocyanate, the white crystalline bis(éri- 


~ 
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aminopropane-monothiocyanate)platinous dithiocyanate (III) is pro. 
duced. In this compound each molecule of the base is co-ordinated 


CH,-NH,SCN 


“NH, CH, -CH-NF, | 


(IIT.) Pt | (SCN), 
NH,-CH,CH-NE, | 
\H,«NH,SCN 


to the metal by only two of its three amino-groups, leaving the third 
free for norma] salt formation as a thiocyanate : the 4-co-ordination 
platinous atom, being thus saturated, also forms a dithiocyanate, 
and the compound in solution furnishes, in all, four thiocyanate ions. 
This compound is therefore of precisely the same type as the cupric 
compound already described (loc. cit.). The work of Mills and 
Gotts (J., 1926, 3121) has shown that in such cupric compounds the 
four co-ordination valencies are directed to the apices of a tetra- 
hedron, and the very close resemblance in type and properties 
between these cupric and platinous compounds would show that the 
latter also probably have the tetrahedral configuration. Experi- 
mental evidence for this is unfortunately difficult to obtain. It will 
be seen that the platinous compound (III) has two asymmetric 
carbon atoms, and should therefore exist in racemic and meso-forms 
by virtue of these carbon atoms alone: in both forms, however, the 
complex itself, if tetrahedrally arranged, is dissymmetric and should 
be capable of further resolution into optically active forms. Mere 
resolution of the compound, therefore, gives no evidence as to the 
configuration of the platinous complex itself. Such evidence could 
only be obtained by separating the racemic and the meso-forms, and 
_ then resolving the latter form: this “secondary ” activity could 
not be due to the asymmetric carbon atoms, and would thus prove 
the tetrahedral configuration of the platinous complex. Actually 
the platinous thiocyanate, like the cupric compound, is a crystalline 
compound of sharp melting point, and is obviously a single chemical 
individual : no evidence of the existence of two forms, racemic and 
meso, could be obtained. 

If now the colourless solution obtained by treating potassium 
chloroplatinite with the free base is concentrated and then, without 
the addition of acid, is treated with potassium iodide solution, 
bis(triaminopropane)platinous di-iodide, 

[ Pt{NH,°CH,°CH(NH,)-CH,'NH,},]L,, 
is precipitated. This would appear to be a novel type of compound 
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in which the bivalent platinum atom has a co-ordination number of 
§ instead of its usual number of 4. There remains a second possi- 
bility, viz., that this compound is of precisely the same type as the 
thiocyanate (III), but that, in the absence of acid, the two y-amino- 
groups exist free, being neither co-ordinated to the metal nor 
neutralised by acid. This is, however, unlikely, since on crystal- 
lisation from aqueous solution each free amino-group would almost 
undoubtedly add on a molecule of water to give a substituted 
ammonium hydroxide, as in the cupric ethylenediaminobisacetyl- 
acetone ethylenediamine hydrate described by Morgan and Smith 
(J., 1926, 918). The existence of two free y-amino-groups was, 
however, completely disproved by treating the di-iodide in aqueous 
solution with an excess of free picric acid: a dipicrate alone was 
obtained, showing that all six amino-groups are co-ordinated to the 
platinum atom. Had the two y-amino-groups been free, the di- 
iodide should have given a tetrapicrate, since, in addition to the 
dipicrate of the complex, each free amino-group would also unite 
with picric acid. 

These are the first compounds to be described in which a bivalent 
platinum atom has a co-ordination number of 6. They serve to 
illustrate one respect in which the stability of the complex salts with 
simple molecules, e.g., ammonia and water, differs from that of 
complex salts with polyamine molecules, e.g., triaminopropane. 
The stability of the simple ammines is determined primarily by the 
electronic structure of the metal when thus co-ordinated, e.g., cobalt 
of atomic number 27 requires 9 electrons to complete its outer shell 
and in [(NH,),Co]Cl, these 9 are obtained (+ 12—3) and an 
extremely stable salt results. Platinum of atomic number 78 
requires 8 electrons to complete its outer shell. In the platinic 
series, ¢e.g., [(NH,),Pt]Cl,, these are again acquired, giving a very 
stable salt, whereas in the platinous series, e.g., [(NH,),Pt]Cl,, only 6 
are obtained ; since, however, a small deficiency of electrons is 
more readily tolerated than an excess, these tetramminoplatinous 
salts are stable, although less so than the hexamminoplatinic salts. 
The stability of the complex salts of the polyamines is dependent, 
however, on an additional factor, viz., the comparative ease with 
which the polyamine molecule, for purely structural reasons, can 
arrange itself about a complex that may be a square, a tetrahedron, 
or an octahedron. There is considerable evidence to show that 
triaminopropane adjusts itself readily and very stably to the 
§-co-ordination octahedron (Mann and Pope, Proc. Roy. Soc., 1925, 
4,107, 80; J., 1926, 2675). The great stability of the bis(triamino- 
propane)-cobaltic and -rhodium trihalides is to be expected, since 
the metallic atoms here have completed their electronic outer shells 
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in the usual way. But in the case of nickel, the tetrammino. 
nickelous dihalides, e.g., [(NH,),NiJCl,, in which the metal has a 
deficiency of 2 electrons, are far more stable than the hexammino. 
nickelous dihalides, e.g., [(NH,),NiJCl,, in which the metal has a 
surplus of 2 electrons. Yet nickel combines with triaminopropane 
to give always the very stable bis(triaminopropane)nickelous salts, 
e.g., [{NH,°CH,°CH(NH,)-CH,°NH,},NiJ]I,, in which the metal has a 
co-ordination number of 6, and no triaminopropane salt in which 
the nickel has a co-ordination number of 4 has yet been isolated. 
Triaminopropane thus adjusts itself so much more stably around the 
6-co-ordination octahedron than around a tetrahedron or a square 
that a metallic atom, normally of co-ordination number 4, will 
sometimes increase the latter to 6 in order to accommodate itself to 
the triamine, although for purely electronic reasons such an arrange- 
ment would be regarded as unstable. A further example of this 
is provided by the bis(triaminopropane)platinous dihalides now 
described, in which the bivalent platinum has increased its co- 
ordination number to 6 in order to provide the octahedron necessary 
for stable co-ordination with triaminopropane, although the metallic 
atom has thereby acquired an excess of 2 electrons. 

When triaminopropane co-ordinates by means of only two of its 
three amino-groups, the above considerations no longer hold, and 
stable 4-co-ordination derivatives, e.g., of platinum and copper, result. 

Ammonium chloropalladite co-ordinates with triaminopropane 
trihydrochloride to give  dichloro(triaminopropane-monohydro- 
chloride)palladium, [Cl,PdNH,°CH,-CH(NH,)-CH,"NH,,HCl]j. This 
salt proved to be unstable in hot aqueous solution, and therefore no 
attempts were made to resolve it into optically active forms. 


EXPERIMENTAL. 


All rotations given in this paper have been measured at 15° in a 
4-dm. polarimeter tube by means of the mercury green line (A= 
5461). 

Dichloro(triaminopropane-y-monohydrochloride)platinum — Mono- 
hydrate.—Potassium chloroplatinite (16 g.) and triaminopropane 
trihydrochloride (16 g.) were dissolved in turn in water (240 c.c.), 
and the solution was boiled under reflux for 2 hours, the deep red 
colour changing to orange. The solution was concentrated until 
crystals appeared, then filtered and chilled. The crude product 
(11-8 g.), when recrystallised from hot water, gave the above mono- 
hydrate in pale yellow crystals, which darken at 280° and melt at 
290—291° (decomp.) (Found: C, 8-9; H, 3-4; N, 9-9; Pt, 47-6; 
H,0, 4-4. C,H,.N,Cl,Pt,H,O requires C, 8-8; H, 3-4; N, 10-25; 
Pt, 47-6; H,O, 4-4%). 
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d-Dichloro(triaminopropane-mono-d- bromocamphor - x - sulphonate)- 
platinum Monohydrate, 

(Cl, PtNH,°CH,-CH(NH,)-CH,*NH,,C,,H,,OBr-SO,H],H,0O. 
—Hot aqueous solutions of dichloro(triaminopropane-monohydro- 
chloride)platinum monohydrate (12 g.) and silver d-bromocamphor- 
sulphonate (13-2 g.) were mixed, boiled for 5 minutes, and filtered. 
The filtrate, when concentrated and cooled, deposited orange-yellow 
crystals, which, after five recrystallisations from water, gave the 
above optically pure d-base d-sulphonate (Found: C, 22-8; H, 4:2; 
Pt, 28-4. C,3H,,0;N,Cl,BrSPt requires C, 22-8; H, 4-1; Pt, 28-5%). 
A 0-5773°% aqueous solution had « = + 1-76°, whence [«] = + 
76-2°, [M] = + 522°. 

d-Dichloro(triaminopropane-monohydrochloride)platinum.—A solu- 
tion of the above optically pure d-base d-sulphonate in the minimum 
of hot water was diluted with a hot concentrated solution of 
calcium chloride, filtered, and chilled. After 24 hours, the anhydrous 
crystalline d-monohydrochloride which had separated was filtered off, 
washed with alcohol and ether, and dried (Found: Pt, 50-0. 
Cz,H,.N,Cl,Pt requires Pt, 49-89%). A 1-051% aqueous solution 
had « = + 2-09°, whence [«] = + 49-7°, [M] = + 195°. 

1-Dichloro(triaminopropane - mono -1 - bromocamphor - x - sulphonate) - 
platinum Monohydrate—This separated from a saturated aqueous 
solution of the racemic monohydrochloride when the latter was 
diluted with a concentrated solution of ammonium /-bromocamphor- 
sulphonate, and again five recrystallisations from water furnished 
the optically pure 1-base 1-sulphonate (Found: Pt, 28-65%). A 
0-5032°% aqueous solution had « = — 1-54°, whence [«] = — 76-5°, 
[M] = — 524°. 

1-Dichloro(triaminopropane-monohydrochloride)platinum was pre- 
pared as pale yellow crystals by treating the /-base /-sulphonate in 
solution with calcium chloride (Found: Pt, 49:9%). A 1:279% 
aqueous solution had « = — 2-51°, whence [«] = — 49-1°, [M] = 
— 192°. 

Dichloro(triaminopropane-mono-d-camphor - 8 -sulphonate)platinum, 
(Cl, PtNH,°CH,*CH(NH,)-CH,*NH,,C,,H,,O°SO,H], was isolated in 
a similar way to the bromocamphorsulphonate by the interaction 
of the monohydrochloride (10 g.) and silver d-camphorsulphonate 
(8-4 g.). Two recrystallisations from water gave the d-camphor- 
sulphonate as a pale yellow, crystalline powder (Found: C, 26-5; 
H, 4:7; Pt, 33:1. C,,H,,O,N,C1,SPt requires C, 26-6; H, 4-6; 
Pt, 33-2%). A 1-294% aqueous solution had « = + 0-54°, whence 
[x] = + 10°, [M] = + 61°. The material was now recrystallised 
three times, and then in a 1-463% solution had « = + 0-58°, whence 
[x] = 99°, [M]=-+ 58°. As the average rotation found by 
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Graham (J., 1912, 101, 746) for the camphor-f-sulphonate ion is 
65-8°, it was obvious that the resolution was proceeding very slowly, 
and no further experiments were made with this salt. 

Dichloro(triaminopropane - hydrogen - oxalate)platinum. — When 
aqueous solutions of the monohydrochloride and of oxalic acid were 
mixed, the above hydrogen oxalate rapidly separated as an orange 
crystalline powder, only slightly soluble in cold water. It was 
recrystallised from hot water and then, since the water of crystal- 
lisation was only slowly lost in a desiccator, it was dehydrated by 
heating at 95° in a vacuum. The anhydrous material had m. p. 
216—217° (decomp.) with preliminary darkening (Found : C, 13:2; 
H, 3-1; Pt, 44-2. C;H,,0,N,Cl,Pt requires C, 13-5; H, 2-9; Pt, 
43-8%). 

Monochlorotriaminopropaneplatinous Monochloride. — When 
aqueous ammonia was added to a concentrated aqueous solution of 
the monohydrochloride, a yellow crystalline precipitate rapidly 
separated. This was insoluble in cold water, and dissolved in hot 
water only with decomposition, since such solutions slowly deposited 
a white product. It was therefore filtered off, washed with cold 
water, and dried, and the above monochloride was thus obtained in 
yellow crystals, m. p. 282—283° (decomp.) (Found: C, 10-0; H, 
3°15; Pt, 54-8. C,H,,N,Cl,Pt requires C, 10-1; H, 3:1; Pt, 
54-95%). 

Bis(triaminopropane-monothiocyanate)platinous Dithiocyanate 
(III) —Triaminopropane trihydrochloride (9-4 g.), dissolved in 
water (50 c.c.), was treated with 15% sodium hydroxide solution 
(34-8 c.c.), and this solution of the free base was now added to 
potassium chloroplatinite (6 g.), also dissolved in water (50 c.c.). 
When the final solution was heated on a water-bath, the red colour 
faded and a buff-coloured precipitate separated: this slowly 
redissolved, and the now colourless solution was concentrated, 
chilled, filtered from any sodium chloride, acidified with acetic acid, 
and treated with concentrated potassium thiocyanate solution, also 
containing acetic acid. The white precipitate which slowly 
separated was filtered off after 24 hours, and twice recrystallised 
from hot water, in which it was very soluble. The above dithio- 
cyanate was obtained in white crystals, m. p. 177—178° (Found : 
C, 19-7; H, 4:0; Pt, 32-15; ionised SCN, 38-2. C, )H,,N,9S,Pt 
requires C, 19-7; H, 4-0; Pt, 32-1; 4SCN, 38-2%). 

Bis(triaminopropane - mono - d - bromocamphorsulphonate)platinous 
Di-d-bromocamphorsulphonate Trihydrate, 
| Pt{NH,°CH,*CH(NH,)-CH,°NH,,C,9H,,0Br-SO,H},](C,)H,,OBr- 

SO,).,3H,0. 
—Hot aqueous solutions of the thiocyanate (4 g.) and silver d-bromo- 


cam} 
of tl 
sul pl 
wate 
requ 
had 

the | 
3 
alons 


BIVALENT PLATINUM WITH «y-TRIAMINOPROPANE. 897 


camphorsulphonate (11-7 g.; 4 mols.) were mixed. Concentration 
of the filtered solution gave the white crystalline bromocamphor- 
sulphonate trihydrate, which was recrystallised seven times from 
water (Found : C, 32-9; H, 5-3; Pt, 11-7. C,,H,,0,,.N,Br,S,Pt,3H,O 
requires C, 33-0; H, 5-2; Pt, 11-7%). A0-5184% aqueous solution 
had « = + 1-66°, whence [«] = + 80-1°, [M] = + 1340°. Since 
the bromocamphorsulphonate ion has [M] = 347° (Pope and Read, 
J., 1910, 97, 2201), the rotation was due to the four sulphonate ions 
alone. 

Bis(triaminopropane)platinous Di-iodide——The preparation was 
carried out precisely as for the above thiocyanate, but the final 
concentrated colourless solution was treated directly with saturated 
potassium iodide solution, without addition of acetic acid. The 
fine, white precipitate was twice recrystallised from a little hot 
j water, and the above di-iodide obtained as fine white crystals, 
m. p. 266—-267° (decomp.) (Found: C, 11-8; H, 3-5; I, 40-9; 
Pt, 31-2. C,H,.N,I,Pt requires C, 11:6; H, 3-6; I, 40-5; Pt, 
31:1%). 

The corresponding dibromide was similarly obtained by treating 
the final colourless solution with saturated sodium bromide solution. 
After recrystallisation from water, it was obtained in white crystals, 
m. p. 270—271° (decomp.), far more soluble than the iodide (Found : 
(,13-6; H, 4-2; Pt, 36-6. C,H,.N,Br,Pt requires C, 13-5; H, 4:2; 
Pt, 36-6%). 

Bis(triaminopropane)platinous Dipicrate, 

[Pt{NH,°CH,°CH(NH,)-CH,°NH,}, {C,H,(NO,),°O}>. 

—A dilute solution of the above dibromide was added to a considerable 
excess of aqueous picric acid solution; the yellow precipitate 
produced was collected after 2 hours, washed with much cold water, 
in which it was almost insoluble, and dried. The dipicrate was thus 
obtained as a fine, yellow powder, which deflagrated violently when 
heated (Found: N, 20-1; Pt, 23-7. C,,H,,0,,N,.Pt requires 
N, 20-3; Pt, 23-5%). 

Dichloro(triaminopropane - y - monohydrochloride) palladium.—Am- 
monium chloropalladite (3 g.) and triaminopropane trihydro- 
chloride (6-9 g.; 3 mols.) were in turn dissolved in water (50 c.c.) 
and the clear solution was boiled under reflux for 4 hours, the colour 
fading to a pale golden-brown. The solution was filtered and 
allowed to cool in a closed vessel; fine, yellowish-brown crystals 
were deposited over-night. These were recrystallised as rapidly as 
possible from a little hot water, and the above monohydrochloride 
obtained in minute, golden-brown crystals, m. p. 279—280° (de- 
comp.) (Found : C, 11-9; H, 4-0; N, 14:1; Pd, 35-3. C,;H,,.N,Cl,Pd 
requires C, 11-9; H, 4-0; N, 13-9; Pd, 35-2%). 
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Triaminopropane Trihydrogen Trioxalate Monohydrate, 
C,H;(NH,,HO,C-CO,H);,H,0. 
—When aqueous solutions of the trihydrochloride and of oxalic acid 
are mixed, the very characteristic trihydrogen trioxalate rapidly 
separates in white needles, m. p. 173—174° (decomp.) after recrystal- 
lisation from hot water. The oxalate is only slightly soluble in 
cold water, but is freely soluble in hot water (Found: C, 28:8; 
H, 5-1. C,H,,0,.N3,H,O requires C, 28-6; H, 5-1%). 


The author is greatly indebted to Professor Sir William Pope, 
F.R.S., for the supplies of platinum and of I-camphor used in this 
investigation. 


THE UnIverstry CHEMICAL LABORATORY, 
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CXX.—The Influence of Groups and _ Associated 
Rings on the Stability of Certain Heterocyclic 
Systems. Part IV. The Substituted Butyro- and 


Valero-lactones. 
By SarBBanrt SAHAY GuHA Srroar. 


IN continuation of the work on substituted paraconic acids (J., 
1927, 1257) systems of a still simpler nature have been studied. 
Although the literature on lactones is fairly extensive, many of the 
methods described therein are unsuitable for the preparation of 
the §-mono- and £§-di-substituted lactones that are necessary to 
bring the present work into line with the author’s previous work 
on the substituted succin- and glutar-imides (J., 1927, 600, 1252). 
For instance, reduction of the chlorides or anhydrides of dibasic 
acids with sodium or aluminium amalgam (Saytzeff, Fichter) 
generally gives unsatisfactory yields (5—20%). The methods 
employing y- and §-halogenated butyric and valeric acids (Funk, 
Henry, Cloves) are inapplicable to the higher members of the series 
owing to the difficulty of preparing suitable halogen compounds. 
The By- and yé-unsaturated acids (Fittig, Hjelt) corresponding to 
8-spiro-substituted lactones are again obviously unrealisable. 
The use of acetoacetic or malonic ester (Traube, Wolff, Marburg) is 
also inexpedient. Reduction of the readily accessible anhydrides of 
succinic and glutaric acids has its limitations, for the unsymmetric- 
ally substituted succinic acids give a difficultly separable mixture of 
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the «- and @-substituted lactones produced by reduction of one or 
other of the two carbonyl groups (Blanc, Compt. rend., 1904, 139, 
1213). 

A general method for the preparation of {-substituted butyro- 
lactones consists in heating the dry silver salt of a glutaric acid with 
iodine, a mixture of the acid anhydride and the lactone with one 
carbon atom less than the original acid being formed (Windaus, 
Ber., 1921, 54, 581) : 


CH,(CH,*CO,Ag), +1, —> CH,(CH,*CO-0-), 


(intermediate) 


O+ ci BrO0, CH, co C0. co, 


The yield of lactone is 30—40%, and since a good part of the 
anhydride can be recovered as the acid and used again, this method 
has been utilised in the present instance to prepare simple and 
mono- and di-substituted butyrolactones. 

The substituted valerolactones are best prepared by reduction 
of the corresponding glutaric anhydrides with sodium and absolute 
alcohol; sodium amalgam, aluminium amalgam, and zinc dust and 


acetic or hydrochloric acid give less satisfactory results. 

The substituents present in the series of lactones thus prepared 
are: H,H; Me, H; Et, H; Me, Me; Me, Et; Et, Et; cyclopentane; 
cyclohexane. The application of the valerolactones in preparing 
3-substituted adipic acids and the corresponding cyclopentanones 
is reserved for a future communication. 

One method of comparing the stabilities of the two series of 
lactones would be the determination of their velocity of formation 
from the hydroxy-acids by means of hydrochloric acid (compare 
Hjelt, Ber., 1896, 29, 1855). This method, however, is inapplicable 
on account of the extreme ease of lactone formation from the higher 
hydroxy-acids. Henry’s method (Z. physikal. Chem., 1892, 10, 
96), therefore, was used, the velocity of hydrolysis of the lactones in 
NV /200-solution in 25% ethyl alcohol by the equivalent quantity of 
alkali hydroxide being determined on the assumption that the 
reactions are bimolecular. 

The results (see table) show that, although the tendency is towards 
greater stability as each series of lactones is ascended, there are one 
or two important deviations. For instance, the greatest stability 
is shown by diethylbutyrolactone in the first series and by cyclo- 
pentanespirovalerolactone in the second series. 
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Butyrolactones. Valerolactones. 


Limits of Mean Limits of Mean ~ 
Substituents. kx 10°. k x 10°. k x 10°. & >< 16e 
2660—2870 2790 1470—1570 1520 
1550—1660 1600 1610—1710 1660 
1760—1920 1820 1000—1770 1330 
483 428— 562 494 
422 350— 399 378 
415 190— 250 220 
cycloPentane é 504 126— 133 129 
cycloHexane ......... 476— 541 506 322— 359 340 


The number of determinations was 5—7 in each case. 


From the results described here and in previous papers, it seems 
reasonable to conclude that, though the influence of substituents is 
generally exerted in the direction of increasing stabilisation of the 
molecule towards hydrolysing agents, it is not easy to predict at 
what point of any one series the maximum stability will be reached. 
There seems to exist in each particular class of compounds an 
optimum condition of stability which is reached by a certain member, 
the other members falling away from this ideal state according to the 
extent to which the substituents present in them fail to relieve the 
strain in the molecular framework. If, as in the present series, the 
first or the unsubstituted member is in a condition of maximum 
strain, the tendency of more and more bulky substituents would 
naturally be to relieve the strain with better and better effect, till 
the optimum stability is reached. After this, the introduction of 
still bulkier substituents, or the further forcing together of the 
extracyclic bonds by the influence of a ring attached to the other 
bonds of the central carbon atom, can diminish the stability only by 
straining the bonds of the oxygen atom from the position of greatest 
stereochemical “ease.’’ A similar case of the reversal of the antici- 
pated effect of substituents was noticed by Dickens, Kon, and 
Thorpe (J., 1922, 1214, 1496) in the formation of the cyclopentane- 
dione ring by the condensation of oxalic ester with substituted 
glutaric esters. It was there found that, as the glutaric series was 
ascended, the difficulty of ring formation was increased owing to the 
overlapping of the ends of the intermediate open chain (of the oxaly! 
derivative) brought about by the substituents. 


EXPERIMENTAL 


Preparation of the Butyrolactones.—The silver salts of the glutaric 
acids (precipitated in 80—90% yield by the usual method) 
crystallised from much boiling water in needles, without appreciable 
decomposition. They were dried in the steam-oven for 12 hours, 
finely powdered, and mixed thoroughly with fine sand (3 parts) and 
then with iodine (1-1 equivs.). The mixtures were each heated at 
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100-—150° for 1—14 hours and the cooled product was exhaustively 
extracted with ether. The extract was concentrated somewhat, 
shaken with a saturated solution of potassium carbonate containing 
a little sodium sulphite, to remove the anhydride and most of the 
iodine (in the case of the higher members dilute alkali can be used 
with advantage, as the anhydrides are somewhat stable; removal 
of iodine is also thus facilitated), dried with potassium carbonate, 
and distilled. A small quantity of iodine in the distillate can be 
removed by means of mercury, but if the amount is considerable 
the distillate is diluted with ether and the washing is repeated, 
before distillation of the lactone under reduced pressure. 

In each case the structure of the lactone was proved by oxidising 
0-5—1-0 g. of it with a mixture of 2 g. of potassium dichromate and 
40 c.c. of 10% sulphuric acid on the steam-bath for 3—5 hours. 
The succinic acid corresponding to the lactone was obtained in very 
good yield and it was directly compared (mixed melting point) with 
a genuine specimen. 

The lactones are colourless, mobile, pleasant-smelling liquids 
(except the dimethyl compound, m. p. 57—58°). The lower 
members are completely miscible with water, but the solubility 
gradually diminishes and the boiling point increases as the series is 
ascended. 

Butyrolactone was obtained in 30% yield from glutaric acid; 
b. p. 206°, or 89°/12 mm. (Windaus, loc. cit., gives b. p. 203°) 
(Found: C, 55:6; H, 7-1; Ag, in silver salt, 51-2. Cale. : C, 55-8; 
H, 7-0; Ag, 51-2%). 

6-Methylbutyrolactone was obtained in 35° yield from $-methyl- 
glutaric acid; b. p. 88°/12 mm. (Found: C, 59-35; H, 7-85. 
C;H,O, requires C, 60-0; H, 80%. Found for the silver salt : 
Ag, 47-8. C,H,O,Ag requires Ag, 48-0%). 

8-Ethylbutyrolactone (40% yield) has b. p. 99°/12 mm. (Found : 
C, 63-05; H, 8-65. C,H, 90, requires C, 63-15; H, 88%. Found 
for the silver salt: Ag, 45-05. C,H,,O,Ag requires Ag, 45-2%). 

¢8-Dimethylbutyrolactone (30% yield) has b. p. 206°, or 89°/ 
12mm. It solidifies in the receiver and then has m. p. 55—56°. 
Windaus records b. p. 207—208° and m. p. 55—57° (Found: C, 
63-1; H, 9-0; Ag, in silver salt, 44-9. Cale.: C, 63:15; H, 8-8; 
Ag, 45-2%). 

8-Methyl-B-ethylbutyrolactone (40° yield) has b. p. 98°/10 mm. 
(Found: C, 65-3; H, 8-95. C,H,.0, requires C, 65-6; H, 9-4%. 
Found for the silver salt : Ag, 42-6. C,H,,0,Ag requires Ag, 42-7%). 

88-Diethylbutyrolactone (50°%, yield) has b. p. 117°/12 mm. (Found : 
C, 67-35; H, 9-6. C,H,,0, requires C, 67-6; H,9-9%. Found for 
the silver salt: Ag, 40-4. C,H,,0,Ag requires Ag, 40-75%). 
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8-cycloPentanespirobutyrolactone was obtained in 20% yield from 
cyclopentanediacetic acid; b. p. 120—121°/11 mm. (Found: (¢, 
67-5; H, 8-6. C,H,,.O, requires C, 67-6; H, 8-6%. Found for the 
silver salt: Ag, 40-7. C,H,,0,Ag requires Ag, 40-75%). On 
oxidation it gave cyclopentane-l-carboxy-l-acetic acid, m. p. 
158—159°. 

8-cycloHexanespirobutyrolactone, obtained in 45% yield from the 
corresponding diacetic acid, has b. p. 138°/11 mm. (Found: 
C, 70-0; H, 9-2. C,H,,0, requires C, 70-1; H, 9-1. Found for the 
silver salt: Ag, 38-6. C,H,,0,Ag requires Ag, 38-7%). On 
oxidation it gave cyclohexane-1-carboxy-1-acetic acid, m. p. 132°. 

Preparation of the Valerolactones.—The requisite glutaric anhydrides 
were obtained in 80—90%, yield by boiling the acid (1 mol.) with 
acetic anhydride (2-5 mols.) and distilling the product under reduced 
pressure; they collected in the receiver as colourless liquids which 
rapidly solidified. Care is necessary in distilling dimethylglutaric 
anhydride, which melts at 124° and tends to block the outlet tube 
during distillation. Rapid boiling and the use of not very low 
pressure, or distillation from a retort at ordinary pressure, avoids 
this difficulty. 

The anhydride (1 mol.) is reduced in boiling absolute alcohol 
(10 mols). by the gradual addition of sodium (4 mols.; twice the 
theoretical quantity). The cooled mixture is decomposed with 
water, the alcohol distilled in steam, and the residue acidified with 
hydrochloric acid and refluxed for 10 minutes to complete the 
lactone formation; it is then cooled and repeatedly extracted with 
pure ether. The ethereal solution is washed free from acid (a good 
proportion of the unchanged glutaric acid may be recovered from 
the washings), dried over potassium carbonate, and distilled. The 
residue after removal of ether gave the lactone as the main product 
in 25—45% yield, together with a small lower-boiling fraction 
containing the glycol (compare Blanc, loc. cit.). 

On oxidation with chromic acid each lactone gave the correspond- 
ing glutaric acid. 

Valerolactone was obtained from glutaric anhydride in 25%, 
yield; b. p. 114°/17 mm. After several weeks the b. p. rises, 
owing no doubt to partial polymerisation (Found: C, 59-95; 
H, 8-3; Ag, in silver salt, 47-9. Cale.: C, 60:0; H, 8-0; Ag, 
48-0%). 

8-Methylvalerolactone was obtained from -methylglutaric 
anhydride in 25% yield; b. p. 90°/12 mm. (Found: C, 62-85; 
H, 8-65. C,H,,0, requires C, 63-15; H, 88%. Found for the 
silver salt: Ag, 44-9. C,H,,0,Ag requires Ag, 45-2%). 

8-Ethylvalerolactone (28°, yield) has b. p. 104°/13 mm. (Found: 
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(, 65-5; H, 9-5. C,H,.0, requires C, 65-6; H, 9-4%. Found for 
the silver salt: Ag, 42-45. C,H,,0,Ag requires Ag, 42°7%). 

88-Dimethylvalerolactone (30% yield) has b. p. 108°/12 mm. and 
m. p. 30°. Blanc (Joc. cit.) gives b. p. 232—233° and m. p. 30° 
(Found: C, 65-4; H, 9:4; Ag, in silver salt, 42-85. Cale.: C, 
656; H, 9-4; Ag, 42-7%). 

3-Methyl-B-ethylvalerolactone (30% yield) has b. p. 122°/10 mm. 
(Found: C, 67-5; H, 9-6. C,H,,0, requires C, 67-6; H, 9-9%. 
Found for the silver salt: Ag, 40-25. C,H,,O,Ag requires Ag, 
40-45%). 

88-Diethylvalerolactone (50% yield) has b. p. 143—144°/15 mm. 
(Found: C, 69-05; H, 10-05. C,H,,0, requires C, 69-2; H, 
10-25%. Found for the silver salt : Ag,38-55. C,H,,0,Ag requires 
Ag, 38-4%). 

8-cycloPentanespirovalerolactone was obtained in 30% yield from 
the anhydride (b. p. 176—178°/12 mm., m. p. 68°); b. p. 146°/ 
12 mm. (Found: C, 69:8; H, 9-1. C,H,,0, requires C, 70-1; 
H,9-1%. Found for the silver salt : Ag, 38-8. C,H,;0,Ag requires 
Ag, 387%). 

8-cycloHexanespirovalerolactone was obtained in 35% yield from 
the anhydride (b. p. 186°/15 mm., m. p. 73°); b. p. 158—159°/ 
10 mm. (Found: C, 71-4; H, 9-25. Cy, 9H,,O, requires C, 71-4; 
H, 95%. Found for the silver salt: Ag, 36:8. C,9H,;0,Ag 
requires Ag, 36-9%). 

Hydrolysis.—The hydrolysis constants of the lactones in N/200- 
solution at 25° in the presence of an equivalent quantity of sodium 
hydroxide were determined as described in Parts I and II (loc. cit.), 
the only difference being the employment of 25% alcohol (by 
volume) for making up the solutions, as the higher members were 
found to be sparingly soluble in water at the dilution employed. 
In the presence of alcohol the velocity coefficients are higher than 
when water alone is used, the value for butyrolactone, for example, 
heing 0-0279 instead of 0-0253 as obtained by Henry. 


The author wishes to express his thanks to Professor J. F. Thorpe, 
C.B.E., D.Sc., F.R.S., for his kind interest in this work, and to the 
Chemical Society for a grant that defrayed a part of its cost. 
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CX XI.—Mobile-anion Tautomerism. Part I. A 
Preliminary Study of the Conditions of Activation 
of the Three-carbon System, and a Discussion of 
the Results in Relation to the Modes of Addition 
to Conjugated Systems. 


By Harotp Burton and CHRISTOPHER KELK INGOLD. 


One of the advantages which accrue from the interpretation of 
the reactions of Organic Chemistry in the light of the electronic 
theory of valency is that similar laws are seen to govern apparently 
diverse types of phenomena, such as mobility and equilibrium in 
tautomeric systems and orientation in aromatic substitution. Thus 
in the field of prototropic change, the dependence of mobility on the 
ionising properties of the system as exhibited by the stability of its 
sodium and potassium salts was already recognised (Ingold and 
Piggott, J., 1922, 2381); but the application of the electronic 
theory showed also that groups which contribute to the stability of 
the electromeric anion act as they do owing to their affinity for 
the negative charge, which circumstance renders the same groups 
strongly m-orienting in aromatic substitution: a correct inter. 
pretation of the mechanism of the two phenomena renders the 
agreement complete (Ingold, Shoppee, and Thorpe, J., 1926, 1477; 
Cooper and Ingold, J., 1927, 836). 

It can be seen in a general way that opposite conditions will 
prevail in mobile-anion tautomerism (anionotropy), and that a 
somewhat similar parallelism should subsist between the power of 
groups to confer mobility and their op-directing efficiency in aro- 
matic substitution; thus may the greater stability of the ionised 
salts of nitrogen- than of oxygen-pseudo-bases be correlated with 
the greater op-directing power of -NRR’ than of -OR. At the 
same time, certain differences would be expected, so that it would 
be false to invert mechanically all conclusions relating to the 
previous comparison. As to this point, an example will make our 
meaning clear. 

The conferment of prototropic mobility by the groups -SO,R and 
‘NR’R”’R’” is at present being studied in these laboratories and 
the complete results are not yet available, but on theoretical 
grounds it is not to be expected that these groups, despite their 
great m-orienting power, would confer a correspondingly greater 
degree of mobility on an attached three-carbon system than -COMe, 
for example; for although the groups -NRg, etc., must attract 
electrons very strongly, they cannot provide a seat for the anionic 
charge without expanding an already-filled, stable electron group, 
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or commencing a new group; they might, however, act indirectly 


A [by increasing the toleration of an adjacent carbon atom for a lone- 
ation § pair. Thus in the conferment of prototropic mobility, -NR, and 
mm of ‘COR necessarily act by different mechanisms, whereas in m-orient- 
ition ation they act, mainly at any rate, by an identical mechanism 

(Ingold and Shaw’s “Case 2,” J., 1927, 2918; compare Cooper 
and Ingold, loc. cit.; Baker, Cooper, and Ingold, this vol., p. 429) ; 
4 therefore we cannot equate their effects in the two cases. Now in 
— the realm of anionotropy there is a corresponding difference between 
weil the functions of the activating groups ‘CH, and -OR: the former 
rently may repel electrons (as compared with -H) and so increase the 


toleration of an adjacent carbon atom for a shared sextet, but it 
cannot without disruption provide a seat for the cationic charge ; 
the latter group, on the other hand, can readily do so by sharing 
one of its lone-pairs. A precisely similar difference of mechanism 
relates to the op-orienting behaviour of these groups in aromatic 
substitution (Ingold and Shaw’s “‘ Cases 1” and “‘3”’). Thus the 
connexion between anionotropy and op-orientation should be of a 


1m in 
Thus 
mn. the 
of its 
| and 
Tonic 


it : . ; 
my simpler and more direct kind than the previously studied con- 
4 * nexion between prototropy and m-orientation. 

4 These considerations led us to embark upon a general investig- 


ation on the effect of groups in promoting anionotropic change, and 
in this paper some preliminary results are given for the systems 


Ar-CHX:CH:CH, == Ar-CH:CH-CH,X 


3 the 
1477; 


Be Ar-CHX:-CH:CHAr’ == Ar-CH°CH:CHX:Ar’ 
a 
er of f where the potentially mobile anion, X, is OR or Hal. Gillet 
aro- § appears to have been the first (Bull. Soc. chim. Belg., 1922, 31, 366) 
nised § to direct attention to the significance of polar factors in three- 
with § carbon anionotropy, and to have suggested what is undoubtedly a 
the § correct partial explanation of 1 : 4-addition of halogens, namely, 
ould § that 1: 2-addition is succeeded by anionotropic change (compare 
the § Prévost, Compt. rend., 1927, 184, 1460; Farmer, Laroia, Switz, 
our # and Thorpe, J., 1927, 2937; Farmer, Lawrence, and Thorpe, this 
vol., p. 729). Gillet formulates his conclusions as follows: “ If in 
= the system C=C—C(x) the radicals at C, are as a whole more 
tical negative than those at C,, the most negative radical (X) attached 
heir @ ‘© Cs Will tend to migrate to C,.” This view at once led its author 
into difficulties, however, for in the majority of available examples 
ater ana 
Me, @ ®2 alkyl group attached to C, appeared to be the predominating 
sik factor determining the departure of X. Thus Gillet was forced to 
ile draw a distinction between “ migrations vraies” (those which 


followed his rule), and “ transpositions hydrolytiques”’ (those 


yup, 
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which did not). The latter were regarded as dependent on the 
preliminary addition of water or some other addendum to the 
double bond and subsequent fission in another direction—despite 
the fact that there is no clear distinction between the conditions of 
occurrence of the change in two series of cases, and that these 
conditions are frequently such as to render the addition-and. 
elimination theory extremely improbable. Reference may also be 
made to a recent paper by Prévost (Compt. rend., 1927, 185, 132), 
who, following up Lowry’s explanation of prototropy (Dewxiém 
Conseil de Chimie, Congrés Solvay, 1925, p. 156), applies to anion. 
otropy the theory of alternate polarities in the extreme form in 
which the carbon double bond is regarded as semi-polar; this 
conception, however, does not enable Prévost to advance the 
problem of elucidating the structural conditions under which 
anionotropy is manifested. 
In the system : 


OH OH 
C 


ps: caeem, 
Ph —> CH—CH—CH, == Ph—CH—CH—CH, 
the degree of mobility is not very great, for the two alcohols can 
be obtained as separate individuals and we have prepared from 
each a crystalline p-nitrobenzoyl derivative. It is true that Valeur 
and Luce (Bull. Soc. chim., 1920, 27, 611) claim to have transformed 
(I) into (II) by means of dilute sulphuric acid, but we have not 
succeeded in repeating this observation, and, without controverting 
it, may state that our numerous attempts have given us the impres- § 
sion that it would be very difficult to effect a smooth conversion in 
the manner indicated. On the other hand, we find that the alcohol 
(I) is smoothly and completely converted into the acetate of (II) 
by boiling with acetic anhydride. Furthermore, Moureu and 
Gallacher (ibid., 1921, 29, 1059) obtained from the two alcohols the 
same crystalline bromide, which, they surmised, was cinnamy| 
bromide; and we have proved the correctness of this structure by 
ozonolysis, whereby benzoic acid and bromoacetaldehyde were 
obtained. The p-tolyl analogues of (I) and (II) can also exist 
separately, but the former is converted by acetic anhydride into 
the acetate of the latter easily and completely with no indication 
of perceptible reversibility. The reaction is more facile than in the 
phenyl series. Smooth conversion into substituted cinnamy! 
bromides occurs when the p-tolyl analogues of (I) are treated with 
cold hydrogen bromide in acetic acid solution. It would, of course, 
be expected that the tendency to migration of different potentially 
mobile anions (X) contained in systems otherwise identical would 
follow the order of anionic stability (strengths of the acids HX), as, 


(I.) (i1.) 
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for example, OH<OAc<Br. Further it follows from the presumed 
influence (represented by ——> in I) of the aryl group in aad Fe 


the toleration of C, for the shared sextet left on separation of OH, 
that the equilibrium in systems such as [= II should strongly 
favour form II, the more so the stronger the activation by Ar— 
and this is undoubtedly the case. On the other hand, there is 
evidence that in systems of the form 


(III.) —, (IV.) 
Me —> CH—CH—CH, = Me—CH—CH—CH, 
not only is the mobility less, but also there is a less uneven relation 
between the forms at equilibrium. Thus Baudrengheim found 
(Bull. Soc. chim. Belg., 1922, 31, 160) that each alcohol yielded its 
own acetyl derivative on boiling with acetic anhydride, although 
a slight interconversion in the sense IIJ—->IV was observed when 
a mixture of acetic anhydride and sulphuric acid was used. Further- 
more, both alcohols yielded an equilibrium mixture of isomeric 
chlorides, in which, although the chloride of (IV) was certainly the 
main constituent, the chloride of (III) was present in sufficient 
amount to enable it to be separated by distillation. Both these 
comparisons with the phenyl case are consistent with the view that 
the phenyl group with its looser electronic system can more com- 
pletely neutralise the positive charge left on C, by the separation 
of the anion than can the methyl group. Comparison with the 
effect of phenyl in promoting the formation of styrene from $-pheny]- 
ethylammonium salts (Hanhart and Ingold, J., 1927, 997) establishes 
yet another point. In this reaction the phenyl neutralises the 
negative charge left on carbon by the separation of a cation 
(hydrogen). It follows that in both cases the primary change is 


the ionisation On, above), and that the action of the facilitating 
group (—> above) is a compensating, not an initiating, process.* 

For the investigation of the «y-diarylated systems we have 
employed two methods of diagnosis, one of which, namely, ozonolysis, 
needs no explanation. The other depends on the prototropic 
change exemplified by 


C,H,*CH(OH)-CH:CH, —> C,H;*CO-CH,-CH, 
(Tiffeneau, Bull. Soc. chim., 1907, 1, 1209) and 
C,H;-CH(OH)-CH°CH-C,H; —> C,H,-CO-CH,°CH,°C,H; 


* The power of the phenyl group (which is enhanced in p-diphenylyl and 
other polynuclear groups) to compensate electrostatic disturbances of either 
sign in an attached atom is doubtless the cause of the dissociability of the hexa- 
arylethanes and allied compounds. 
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(Nomura, ibid., 1925, 37, 1245). These reactions take place quanti. 
tatively in the presence of alcoholic alkali,* and the ketones formed 
can readily be synthesised by adaptations of the acetoacetic ester 
method, and thus identified. The first of the examples cited above 
shows that hydroxyl-migration does not precede the prototropic 
change, and confirmation of this is to be found in experiments 
described below; nor would a preliminary change of this kind be 
expected, since the catalyst (alkali) is essentially one for promoting 
cationotropic change (Ingold, Shoppee, and Thorpe, loc. cit.). 

Our principal object in this part of the investigation was to obtain 
a comparison of the activating effects of the groups p-CH,°C,H,- 
and p-Cl-C,H,-, since only the latter contains unshared electrons 
by the sharing of which a seat can be provided for the positive 
charge on the electromeric cation. No difficulty was experienced 
in preparing (by the usual Grignard method) the member (V) of the 
system 
(V-) (p) Me-C,H,-CH(OH)-CH:CH-C,H; == 

(p) Me-C,H,CH:CH-CH(OH)-C,H,; (V1) 


It was crystalline, and showed no tendency to pass into its isomeride 
(VI). Re-arrangement with alcoholic alkali yielded exclusively the 
crystalline ketone (p) Me*C,H,°CO-CH,°CH,°C,H;, which was 
synthesised via ethyl «-benzyl-p-toluoylacetate. On the other 
hand, the acetate prepared from (V) with acetic anhydride was 
manifestly an equilibrium mixture : with alkalis it yielded a mixture 
of the ketones C,H,*CO’CH,°CH,°C,H; and C,H,-CH,°CH,°CO-C,H; 
(both synthesised) probably containing an excess of the latter, 
although our separation was not sufficiently complete to enable 
us to assert this definitely ; furthermore, ozonolysis of the acetates, 
followed by hydrolysis of the ozonides, yielded considerable quan- 
tities of p-tolualdehyde, p-toluic acid, and mandelic acid, and smaller 
quantities of benzoic acid and a very soluble acid which was 
probably p-methylmandelic acid because on further oxidation it 
gave p-toluic acid. That the equilibrium is probably in favour of 
the acetate of (VI) is, of course, consistent with the anticipated 
greater effect of CH,—>C,H,—>C* than of H—C,H,—>C* in 
compensating for the loosening of the anion from its attachment to 
©,. On the other hand, in the p-chloro-series, not only the acetates, 

* They probably take place through the anion by the “ pinacolic ”’ electron- 
displacement (see Ingold and Shoppee, this vol., p. 365; Shoppee, forth- 
coming paper) : 


0°? O 
H” + R-C—CH—CH-R’ —> R-C—CH—CH:R’ + H 
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but also the alcohols themselves, passed into an equilibrium mixture, 
so that we were unable to obtain the individuals (VII) and (VIII) 
separately : 


OH 
(VIL): GX ZR OY | ce oid 
ang »CH-CH=CH—C,H, = 


OH 
(YX ZAIN | (VIII.) 
a-¢7 S\cH=CH—CH—C.H- 

im vA 6 2 


In this case, the indications were clearly that (VIII) is the 
main isomeride. ‘Treatment with alkali yielded a large pro- 
portion of p-Cl-C,H,°CH,°CH,°CO-C,H, and a small amount of 
p-Cl-CgH,°CO-CH,°CH,°C,H, (both synthesised), and hydrolysis of 
the mixed ozonides gave p-chlorobenzoic and mandelic acids in 
large quantity, together with a little benzoic acid, and a very 
soluble acid presumed to be p-chloromandelic acid from its oxidation 
to p-chlorobenzoic acid. 

Thus the order of facilitation of three-carbon anionotropy by 
«substituents is p-Cl-C,H,"S p-Me-C,H,->C,H,;">CH,°>H; which 
agrees, as it theoretically should, with the op-orienting sequence 
(l>Me>H as inferred in the ordinary way from the proportions of 
isomerides formed in benzene substitutions. 

As regards the function of catalysts, these must obviously be of 
such a kind that they have a sufficient affinity for the mobile group. 
Acids (e.g., HBr, H,SO,) might act in this way (either directly or 
via the hydronium ion), as also might polarised or readily polarisable 


organic compounds such as acid anhydrides (e.g., Ac,O). As to the 
precise history of the eliminated anion, we are prepared at present 
to entertain two views; either (as is assumed above) it may leave 
the molecule completely in covalent or molecular combination with 
the catalyst, to be subsequently returned to another molecule in 
one of the two possible positions of reunion; or, in certain cases, 
concomitantly with the elimination (ionisation) of the group, its 
equivalent may be introduced into the new position by an internal 
cyclic process such as 


H H 
Br ‘Nr Br’ Br 
IF G awe + | 
CH,BrCH _ CH, = CH,BrCH CH, 
6a \cH~ 


Ve hope at a later date to be able to submit further evidence on 
his question. 
HH 
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Addition to Conjugated Systems. 0 
Although Thiele’s writings leave little room for doubt that he § P 
originally intended his hypothesis to imply universal 1 : 4-addition | 
in conjugated systems of two double linkings, it has long been § ™ 
known that this position cannot be maintained, so that the Thiele fa 
hypothesis, even with its later extensions, has not the diagnostic § ™ 
value which it was once imagined to possess. In short, there exists J 1“ 
no theory of orientation in additions to conjugated unsaturated § 4¥ 
systems comparable in range and definition with the orientation aft 
theory which has been developed for substitutions in aromatic 
systems. Chandrasena and Ingold (J., 1922, 121, 1306) formulated the 
certain rules for conjugative additions, but these rules were avowedly the 
empirical, and it is our view that they require supersession. The firs: 
provision of data for the development of this subject on more late 
fundamental lines has been one of the major objects of the inves. § 1 V 
tigation outlined above. B 
The subject divides itself into three main parts according to the § first 
nature of the addendum, and then into sub-sections depending on § the 
the structure of the unsaturated complex. The general scheme of § mys 
classification * may be indicated as follows :— there 
Case 1. Both parts of addendum stable as anions (Cl,, Br, IC), § |; 4. 
OHCI, etc.). Structural influences (a) favour, (6) inhibit, aniono- § nota) 
tropic mobility. 1:2. 
Case 2. One part of addendum stable as anion, and the other§ Lay; 
as cation [HBr, HCl, HCN, NH,-OH, CH;°-NO,, CH,(CO,Et)., ete.) § 79% 
Structural influences (a) favour, (b) inhibit, anionotropic mobility. [so 
Case 3. Both parts of addendum stable as cations (H,). | 
In this paper it is proposed to deal only with Cases la and 2, ™ote 
because it is to these that the new experimenta! material primarily § so tha 
relates. Our general theoretical method will be fairly obvious than ; 
from the examples taken, but we prefer to postpone actual dis-§ isopre: 
cussion of the remaining four divisions of the subject until the | : 4, 
experimental work appropriate to them has been completed.t Chim. 
Case la. Example: Addition of Bromine to Conjugated Un- by-L 
saturated Hydrocarbons.—In any given instance two questions arise, | : 4.c¢ 
* This must be interpreted with due care, and two possible pitfalls may data (I 
be indicated. (1) If a group retards one kind of tautomeric change, it seem consi; 
safe to assume that it will promote the other; but the converse does 00% Beilstej 
necessarily hold, as is indicated by the example on p. 907. (2) Although § dibrom; 
group will normally exhibit greater stability as one kind of ion, speciil 
structural conditions may reverse its réle; thus we hold that bromine is 4 «3-Di 
potential cation in CH,-CO-CHBr-CO,Et —> CH,Br-CO-CH,-CO,Et, thou formeq 
we are aware that contrary views have been expressed. ’ 
+ For partial statement of application to Case 3 see Chem. and Ind., WS PhCH R 


47, 269. 
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one of which is more remote than the other. The less remote, and 
practically more important, question is : What is the stable product ? 
For in the case under consideration, only potentially mobile anions 
are introduced by the addendum, and the groups already present 
favour anionotropic change; it follows that unless special experi- 
mental precautions are taken the stable product will be the one 
isolated. A theoretically interesting, but much more difficult 
question is: What is the initial product? This will be considered 
afterwards. 

The stable product. To discover this by the method to be given, 
the simplest plan is to make an assumption as to the structure of 
the initial product. We shall suppose that a 1 : 2-dibromide is 
first formed. The accuracy of this assumption will be considered 
later, when it will also appear that it is not important for the purpose 
in view that it should be accurate. 


Butadiene. Let it be assumed that CH,Br-CHBr-CH:CH, is 
first formed. The bracket indicates the anionotropic system, and 
the activating group is ‘CH,Br, which, by analogy with -CH,Cl, 
must be a very weak op-orienting group—weaker than -CH, and 
therefore not incomparable with -H. Anionotropic change to the 
1: 4-product will therefore (compare activation by CH, p. 907) be 
notably incomplete and we should expect a substantial amount of 
1: 2-by-product to accompany the 1: 4-main product. [Farmer, 
Lawrence, and Thorpe find 1: 2-dibromide 30%, 1 : 4-dibromide 
70% on bromination with bromine in acetic acid at 4° (loc. cit.).] 

Isoprene. Here an additional methyl group is present to pro- 
mote the change ..°43\CBrCH:CH, —> ;qoU3>C:CH-CH,Br 

CH,Br7 Nien CH,Br dale 
s0 that the proportion of 1 : 4-dibromide should be somewhat higher 
than in butadiene [Staudinger, Muntwyler, and Kupfer find that 
isoprene dibromide, which is a liquid, consists mainly of the 
1:4-compound, but the precise proportion is not known (Helv. 
Chim. Acta, 1922, 5, 756).] (A). 

®y-Dimethylbutadiene. For similar reasons, the proportion of 
1: 4-compound should be higher than in butadiene. [The recorded 
data (Kondakow, J. pr. Chem., 1900, 62, 171) do not appear to be 
inconsistent with this inference, despite the interpretation given in 
Beilstein’s “‘ Organische Chemie ” (4% Aufl., I, 218) in which the 
dibromide is assigned a 1 : 2-formula.] 

«8-Diphenylbutadiene. If Ph*-CHBr-CHBr-CH:CH-Ph were first 
formed, the relatively slow and incomplete change (promoted by 


Ph‘CHBr-) to the isomeride Ph°CHBr-CH:CH-CHBr-Ph would be 
immediately succeeded by the much more rapid and complete 
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change (promoted by Ph:) to Ph-CH:CH-CHBr-CHBr-Ph (compare 
anionotropic changes promoted by Ph; p. 906). Hence the main 
product should be the 1 : 2-(= 3: 4-)dibromide. [This has been 
established by Strauss (Ber., 1909, 42, 2867).] (B). 
a-Phenylbutadiene. Similar considerations show that the main 
product should be Ph-CH:CH:CHBr-CH,Br. [Strauss has demon- 
strated this also (loc. cit., p. 2871).] 
Hexatriene. Since vinyl is expected to act like phenyl, the 


3: 4- and 1 : 4-dibromides will not be obtained as stable products, J Jon 
since the former would be comparatively slowly and reversibly 
transformed into the latter, whilst this would pass rapidly and § rem 
substantially completely, either into the 1: 2-isomeride (change § sim] 
facilitated by -CH:CH,), or into the 1 : 6-compound (change facilit- C 
ated by -CH:CH:CH,Br). [Farmer, Laroia, Switz, and Thorpe § Hyd 
obtained 1: 2- from cis-hexatriene and 1 : 6- from trans-, but did § Jic: 
not in either case encounter 1 : 4- or 3: 4- (loc. cit.).] (hyd 
at-Diphenylhexatriene. The dibromide should be either 1 : 2- or § final 
3:4-, but not 1:4- or 1:6-. (It has not yet been oriented.) are 
The initial product. The above provisional hypothesis that § The 
1: 2-addition precedes the formation of a 1: 4-dibromide requires f telat 
consideration. The work of Orton and King (J., 1911, 109, 1369) § That 
and Soper and Smith (J., 1926, 1582) shows that in chlorine-sub- J the c 
stitution, either by Cl, or by HOCI, the molecule, and not either of Mich; 
its ions, is the actual reagent, even in an ionising solvent such as § 4ppe< 
water : it may be assumed that the same is true for halogen addition § these 
in all ordinary circumstances. In the light of this conclusion, the The 
experiments of Terry and Eichelberger (J. Amer. Chem. Soc., 1923, for bi 
47, 1067) and of Francis (ibid., p. 2340) are seen to prove that the § given 
halogen molecule initially supplies only one halogen atom to the § conta: 
unsaturated substance; thus, to quote one experiment, the second Sorl 
stage of the presumed mechanism Ya 
CH,!CH, + Br, —> CH,Br-CH,® + Bro—>CH,BrCH,Br ff... 
may be modified by using bromine water containing a soluble Cinr 
nitrate; the nitrate ion then competes with the bromide ion and § ‘ters. 
CH,Br-CH,O-NO, is formed along with CH,BrCH,Br. This the an 
demonstration applies, however, only to conditions favouring and of 
ionisation, and it is not to be expected that under non-ionising additio 
conditions a free halide ion would be liberated. Under such con- § '° cinr 
ditions the initial product of addition to a conjugated system could In all fi 
only be a 1 : 2-compound, and an elegant demonstration of this has The 2 
been given by Thorpe and Farmer in the work already quoted. 1 Pe 
yar 


the other hand, under conditions favourable to ionisation a proces 
analogous to that depicted for ethylene might occur, so that the 
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initial product. would more correctly be described as consisting of 
the ions of the 1:2-dibromide. We have, however, already 
(p. 909) entertained the hypothesis that in an anionotropic change, 
such as 1 : 2-dibromide ——> 1 : 4-dibromide, ionisation (not neces- 
sarily dissociation) precedes the electromeric transformation, and if 
the ions are pre-formed, the mechanism is simplified to that extent. 
Thus the object of this paragraph is to point out that our actual 
view of the general case, namely, Reagents —> 

-1 : 2-Bromide 
Ions of 1 : 2-bromide Z 
Tons of 1:4-bromide == 1 : 4-Bromide 
remains consistent with the results obtained by the use of the 
simplified hypothetical mechanism. 

Case 2a. Examples: Additions of Hydrogen Bromide and 
Hydrogen Cyanide to Conjugated Unsaturated Acids and Esters, and 
Michael’s Addition fReaction.—The potentially mobile cation 
(hydrogen) may be assumed to enter via the carbonyl oxygen; its 
final position will normally be the «-position unless the conditions 
are suitable for the «—-Sy-prototropic change (Kon, Linstead). 
The position of stability of the mobile anion is of more interest in 
relation to the experimental evidence submitted in this paper. 
That anionotropic change will control the situation is obvious in 
the case of hydrogen bromide-addition, and the reversibility of the 
Michael reaction, and its analogy with hydrogen cyanide-addition 
appears to guarantee that the same conclusion can be extended to 
these reactions. 

The stable product. A few examples only will be mentioned, and 
for brevity the reasons for the theoretical conclusions which are 
given will be replaced by letters referring to some previous paragraph 
containing an argument sufficiently similar to the one omitted. 

Sorbic acid and its esters. Lettering the butadiene chain as 
usual from the carboxyl group, both «$- and «8-addition would 
be expected, the potential anion being at Cg or Cs (A). [The 
occurrence of «8-addition of malonic ester has been established. ] 

Cinnamylideneacetic and cinnamylidenemalonic acids and their 
esters. Here only «8-addition, and not «8-addition, should occur, 
the anion going to Cg (B). [The addition of hydrogen bromide, 
and of malonic ester, to cinnamylideneacetic acid (or ester), and the 
addition of hydrogen bromide, hydrogen cyanide, and nitromethane 
to cinnamylidenemalonic acid (or ester), have been investigated. 
In all five cases, the products are those of «$-addition.] 

The initial product. The remarks under a corresponding heading 
relating to bromine-addition apply with a few obvious modifications 
to hydrogen bromide addition. The additions in alkaline solution 
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of hydrogen cyanide, malonic ester, etc., are, however, in a different 
category, and the question of the initial product does not seriously 
arise, since in general it will consist of the anions (formed simul- 
taneously) of the two possible addition-products (Cooper and 
Ingold, J., 1926, 1868); the attachment of the cation, we assume, 
occurs subsequently (often during acidification). 


Action of Phosphorus Pentachloride on «-Unsaturated Ketones 
and Related. Reactions. 


This subject is mentioned as another which receives satisfactory 
explanation on lines similar to those illustrated above. The 
reaction may be exemplified by C,H,-CO-CH°CH-C,H; —> 
C,H;*CCl:CH-CHCI-C,H;, and the interpretation we should apply 
to the more complicated instances will be obvious to any who 
compare this paper with Strauss’s original memoirs (Annalen, 1909, 
370, 315; 1910, 374, 121; Ber., 1910, 43, 596; Annalen, 1912, 
392, 235; 1913, 401, 121; 1918, 415, 232; J. pr. Chem., 1921, 
403, 1; Annalen, 1925, 442, 93; 445, 92). Thus in the dichloro- 
hydrocarbon mentioned, one Cl is the potentially mobile anion, 
and the other functions like Cl in the p-chlorophenyl compounds 
referred to on p. 909. 


EXPERIMENTAL. 


a-Phenylallyl alcohol was obtained from acraldehyde and mag. 
nesium phenyl bromide as described by Moureu and Gallacher 
(loc. cit.). The p-nitrobenzoate, obtained (as an oil that solidified) 
by heating the alcohol (3-9 g.), pyridine (30 c.c.), and p-nitrobenzoyl 
chloride (5-9 g.) on the steam-bath for 15 hours and pouring the 
product into water, crystallised from alcohol in colourless plates, 
m. p. 45—46° (Found: C, 681; H, 4:7. C,,H,,0,N requires 
©, 67-8; H, 46%). Cinnamyl p-nitrobenzoate, prepared similarly, 
has m. p. 77—78° (compare Hill and Nason, J. Amer. Chem. Soc., 
1924, 46, 2215). 

Conversion of «-Phenylallyl Alcohol into Cinnamyl Alcohol.— 
Reference has already been made to our failure to repeat Valeur 
and Luce’s observation of direct interconversion; we used hot and 
cold sulphuric acid of various dilutions, and cold alcoholic hydro- 
chloric acid, but obtained either unchanged material or products 
of high and indefinite boiling point. A mixture of «-phenylallyl 
alcohol (5 g.) and acetic anhydride (5 c.c.) was boiled for 6 hours 
and then distilled. The acetate had b. p. 135—145°/15 mm., and 
its identity with cinnamyl acetate was confirmed by hydrolysis to 
the crystalline alcohol under conditions in which the un-isomerised 
a-phenylallyl acetate became converted into phenyl ethyl ketone. 
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It was boiled for 3 hours with 100 g. of 5% alcoholic potassium 
hydroxide, and the neutral hydrolysis product isolated in the usual 
way (45 g.); 0-5 g. of the ketone was obtained and the remainder 
was cinnamy]l alcohol, b. p. 240—250°, m. p. 33°. A longer period 
of heating completes the reaction, which is not detectably reversible. 

Bromide from «-Phenylallyl and Cinnamyl Alcohols.—This 
crystalline substance was readily obtained by adding the alcohol 
to an acetic acid solution of hydrogen bromide, but attempts to 
achieve the reverse reaction by means of moist silver oxide yielded 
complex mixtures, b. p. 80—300°/15 mm.; moreover, treatment 
with silver p-nitrobenzoate gave an amorphous solid, and ozonolysis 
was therefore resorted to. A chloroform solution of the bromide 
was treated with dry ozone for several days, and the oily ozonide 
decomposed by boiling with water into benzaldehyde (identified as 
semicarbazone) and bromoacetaldehyde (identified as bromal 
hydrate). Formaldehyde was not produced. 

a-p-Tolylallyl Alcohol, C,H,Me-CH(OH)-CH:CH,.—The Grignard 
reagent prepared from magnesium (6 g.), p-bromotoluene (43 g.), 
ether (100 c.c.), and a trace of iodine was cooled below 0° and 
treated during 1-5 hours with a solution of acraldehyde (14 g.) in 
ether (72-5 c.c.). The mixture was well stirred for a further 3 hours 
and then decomposed by ice and dilute acetic acid. The oil obtained 
after extraction with ether, washing with sodium bicarbonate 
solution, drying, and evaporation was fractionated, and a fraction 
(20 g.), b. p. 120—122°/10 mm., collected; the remainder was 
pp’-ditolyl. The p-nitrobenzoate, prepared by the pyridine method, 
separated from alcohol in colourless, glistening plates, m. p. 82° 
(Found: C, 68-9; H, 5-25. C,,H,,0,N requires C, 68-7; H, 
509%). 

Conversion of «-p-Tolylallyl Alcohol into 4-Methylcinnamyl 
Alcohol_—This reaction was carried out as described on p. 914 but 
took place even more readily, the transformation to 4-methyl- 
cinnamyl acetate, b. p. about 140°/10 mm., being complete in 6 hours. 
The alcohol obtained by hydrolysis of the acetate at.once solidified ; 
m. p. 48°. A single crystallisation from ligroin yielded pure 
4-methylcinnamyl alcohol as colourless, glistening plates, m. p. 
51—52° (Found: C, 81-1; H, 8-05. ©C,,H,,O requires C, 81-05; 
H, 8-2%). The p-nitrobenzoate, prepared by the pyridine method, 
crystallised from alcohol in almost colourless, prismatic needles, 
m. p. 131—132° (Found: C, 68-9; H, 5-2. C,,H,,;0,N requires 
C, 68-7; H, 51%). 

Bromide from «-p-Tolylallyl Alcohol (4-Methylcinnamyl Bromide), 
(,H,Me-CH:CH-CH,Br.—The bromide was prepared from the 
tolylally] or 4-methylcinnamyl alcohol (8-2 g.) and a glacial acetic 
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acid solution of hydrogen bromide (30%; 50 g.). The bromide 
(10 g.) separated from acetic acid in colourless, glistening plates, 
m. p. 64—65° (Found: C, 56-9; H, 5-45. Cj, H,,Br requires 
C, 56-9; H, 5-25%). When this bromide was treated with silver 
p-nitrobenzoate in cold ethereal solution, an amorphous solid was 
obtained (Found: C, 66-9; H, 5:7%). The constitution. of the 
bromide was determined by ozonolysis as in the previous example 
and with corresponding results. 

Action of Bromine on wy-Diphenylallyl Acetate —xy-Diphenylally] 
alcohol was obtained by the action of cinnamaldehyde on mag- 
nesium phenyl bromide, and separated from petrol in long, silky 
needles, m. p. 58—59° (compare Nomura, loc. cit.). The acetate 
boils at 211°/15 mm. (Nomura gives b. p. 211°/9 mm.). 

A solution of the acetate (5-7 g.) in cold carbon tetrachloride was 
treated with bromine (3-8 g.; a slight excess), also dissolved in 
carbon tetrachloride. The cold solution slowly deposited a bromide 
(3:9 g.), which crystallised from alcohol in colourless needles, 
m. p. 176—177° after previous softening (Found: ©, 49-7; H, 3-7. 
C,,H,,0.Br, requires C, 49-5; H, 39%). The mother-liquor from 
this bromide was evaporated to dryness, and the residual viscous 
oil dissolved in alcohol. A second bromide was slowly deposited 
(3:2 g.), which separated from alcohol in clusters of colourless 
slender needles, m. p. 122° (Found : C, 49-8; H, 3-95. C,,H,,0,Br, 
requires C, 49-5; H,3-9%). The residue (2-15 g.) was a viscous oil. 

y-Phenyl-«-p-tolylallyl Alcohol, CjSH,Me-CH(OH):CH:CHPh.—The 
Grignard reagent obtained from magnesium (6 g.), p-bromotoluene 
(43 g.), ether (100 c.c.), and a trace of iodine was treated at the 
ordinary temperature with a solution of cinnamaldehyde (33 g.) in 
ether (72:5 c.c.). The mixture was then boiled for 30 minutes and 
decomposed with ice and dilute acetic acid. The oil obtained. from 
the ethereal extract, after being washed free from acid and dried, 
partly solidified on standing. After draining, the solid residue 
(22 g.) crystallised from petrol in colourless needles, m. p. 78—79 
(Found: C, 85:7; H, 6-9. C,,H,,0 requires C, 85:7; H, 7-2%). 

Conversion into p-tolyl -phenylethyl ketone. This ketone was 
obtained in almost quantitative yield by boiling the alcohol (3-5 g.) 
with alcoholic 20° potassium hydroxide (100 g.) for 2 hours and 
pouring the product into water. The oil obtained solidified and, 
after being washed free from alkali, crystallised from alcohol in 
glistening plates, m. p. 70° (see p. 920). 

Acetylation of ‘y-Phenyl-«-p-tolylallyl Alcohol. Formation of 
y-Phenyl-«-p-tolylallyl Acetate and «-Phenyl-y-p-tolylallyl Acetate.— 


A mixture of the pure alcohol (m. p. 78—79°) (15 g.) and acetic & 


anhydride (15 c.c.) was boiled for 6 hours. After removal of the 
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excess of acetic anhydride, the residue distilled at 210—211°/11 mm. 
(Found : ©, 80-9; H, 6-75. C,,H,,0, requires C, 81-2; H, 6-8%). 
That this constant-boiling liquid was a mixture of isomeric acetates 
was proved by hydrolysis and ozonisation. 

Conversion into ketones. The acetate mixture (9 g.) and 20% 
alcoholic potassium hydroxide solution (150 g.) were boiled together 
for 2-5 hours, the excess of alcohol was then removed, and the 
residue was poured into water and extracted with ether. The oil 
(73 g.) obtained from the extract yielded p-tolyl 8-phenylethyl 
ketone (1-5 g.), m. p. 69—70°; the residual oil solidified below 0°, 
but immediately liquefied on warming to the room temperature. 
The latter was oximated in the usual manner, and the resulting 
liquid mixture of oximes, when kept in a vacuum, deposited a 
crystalline oxime, which separated from petrol in colourless needles, 
m. p. 85—86°, identical with phenyl §-p-tolylethyl ketoxime 
(p. 921). 

Ozonolysis. A solution of the mixed acetates in chloroform was 
treated with ozonised oxygen for several days. A considerable 
amount of p-toluic acid separated. The mixture obtained on 
evaporation of the chloroform was separated by means of ether and 
sodium carbonate into acid and neutral portions. The former con- 
sisted of impure p-toluic acid containing benzoic acid, some of which 
was isolated by sublimation. The neutral material was boiled with 
water for 1 hour and with 15% hydrochloric acid for 4 hours, and the 
product again divided into neutral and acid portions, as before. The 
small neutral portion, on treatment with aqueous semicarbazide 
acetate, gave an incompletely solid mixture of semicarbazones, from 
which, on crystallisation from glacial acetic acid, p-tolualdehyde semi- 
carbazone was obtained. The mixed acids were rubbed with about 
twice their weight of cold water. The insoluble portion proved to 
be p-toluic acid containing benzoic acid. The aqueous lixiviate, 
on concentration, deposited first mandelic acid and then an impure 
mixture, from which a pure acid could not be isolated on account 
of the small amount and its great solubility. It was therefore 
oxidised with warm 3% hydrogen peroxide and sodium carbonate. 
On acidification, sparingly soluble acids were precipitated which on 
crystallisation from dilute acetic acid yielded p-toluic acid. 

Action of Cinnamaldehyde on Magnesium p-Chlorophenyl Iodide. 
Formation of «-Phenyl-y-p-chlorophenylallyl Alcohol and y-Phenyl- 
«p-chlorophenylallyl Alcohol.—The Grignard reagent prepared 
fom magnesium (6 g.), p-chloroiodobenzene (60 g.), ether (100 c.c.), 


sand a trace of iodine was treated at the ordinary temperature with 


‘solution of cinnamaldehyde (33 g.) in ether (72-5 c.c.). The 
uixture was boiled for 30 minutes and then decomposed with ice 
HH2 
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and dilute acetic acid. The ethereal extract was washed with 
sodium hydrogen sulphite solution, sodium hydrogen carbonate, and 
water. The residue from the ether was a viscous oil (54 g.) which 
could not be distilled. 

The mixed acetates, prepared by boiling the mixture of alcohols 
for 6 hours with acetic anhydride, were obtained as a straw-coloured, 
viscous oil, b. p. 225—226°/13 mm. (Found: C, 71-4; H, 51. 
C,,H,;0,Cl requires C, 71:2; H, 53%). 

Action of bromine. A solution of the mixed acetates (7:4 g.) in 
carbon tetrachloride, after treatment with bromine (4-2 g.), slowly 
deposited a bromide (1-1 g.), which separated from alcohol in 
prismatic needles, m. p. 193—194° (Found: C, 45-65; H, 3:3. 
C,,H,,;0,CIBr, requires C, 45-7; H, 34%). The viscous mass 
obtained after evaporation of the solvent was dissolved in hot 
alcohol. On cooling, a second bromide (1-05 g.) separated, which 
crystallised from alcohol in colourless prisms, m. p. 180° (Found: 
C, 45:8; H, 3-4. C,,H,,0,CIBr, requires C, 45-7; H, 3-4%). The 
residue (9 g.) was a very viscous gum. 

Conversion into ketones. A solution of the mixed acetates (10 g.) 
in 20°% alcoholic potassium hydroxide solution (200 g.) was boiled 
for 2:5 hours, and the neutral product isolated as an oil (7-7 g.). 
This was boiled for 24 hours with alcohol (50 c.c.), hydroxylamine 
hydrochloride (2-4 g.), and sodium acetate (2-9 g.). Extraction 
with ether in the usual manner gave a residue (7-8 g.), which partly 
solidified ina vacuum. The solid was washed with and crystallised 
from ligroin. It separated in colourless, slender needles, m. p. 
117—118°, and was identical with a synthesised sample of phenyl 
8-p-chlorophenylethyl ketoxime (p. 919). The mother-liquor, after 
evaporation of the solvent, was kept in an evacuated desiccator for 
several days; further crystallisation then ensued. This solid, 
after draining, crystallised from ligroin in colourless prisms, m. p. 
111—112°, and was identical with a synthesised specimen of p-chloro- 
phenyl B-phenylethyl ketoxime (p. 920). A mixture of about equal 
parts of the oximes melted at 86—95°. 

Ozonolysis. (a) The mixed acetates. A solution of the mixed 
acetates (7-8 g.) in chloroform was treated with ozonised oxygel 
for 6 days, the solution being filtered from time to time to remove 
the precipitated p-chlorobenzoic acid (2°8 g.; m. p. 225—239°, 
unpurified ; m. p. and mixed m. p. 235—236°, after crystallisation 
from dilute alcohol). The acid products in the chloroform yielded 
0-09 g. of p-chlorobenzoic acid (m. p. 230—235°), 0-79 g. of crude 
benzoic acid (0-49 g., m. p. 115—120°; 0:30 g., m. p. 112—115°, 
and a residue, which was boiled with hydrochloric acid for 3 hours; 
the small residue obtained on evaporation to dryness was heatel 
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to 100° to remove benzoic acid and then crystallised from water, 
mandelic acid being obtained. The neutral product from the 
chloroform (2-4 g.) was boiled with water for 1 hour and then 
oxidised at 35—45° with sodium chlorate (0-5 g.) and osmium 
tetroxide (0-05 g.) in the presence of a little sodium carbonate. 
The neutral portion of the oxidation product, probably unoxidised 
material, was small and was not further examined. The acid 
portion was separated by means of water into a sparingly soluble 
mixture of acids (small quantity), which on crystallisation from 
chloroform yielded p-chlorobenzoic acid, and a mixture of very 
soluble acids (main portion). The chloroform solution contained 
benzoic acid (sublimation). The soluble acids yielded mandelic 
acid, and a second substance which could not be isolated in the pure 
condition. It was therefore oxidised with warm 6% hydrogen 
peroxide and sodium carbonate; on acidification, p-chlorobenzoic 
acid and benzoic acid were obtained. 

(b) The mixed alcohols. This experiment was carried out like 
the preceding one with results which were substantially identical 
both qualitatively and quantitatively. 


Preparation of Reference Ketones. 


Ethyl p-Chlorobenzylbenzoylacetate, 
C,H,;"CO-CH(CH,°C,H,Cl)-CO,Et.— 

An alcoholic solution of ethyl sodiobenzoylacetate prepared from 
sodium (1-44 g.), ethyl alcohol (20 g.), and ethyl benzoylacetate 
(12 g.) was boiled for 2 hours with a solution of p-chlorobenzyl 
bromide (12-85 g.) in alcohol (30 c.c.). The product was isolated 
in the usual way as a colourless, viscous oil, b. p. 240°/12 mm., 
which later solidified and then crystallised from alcohol in needles, 
m. p. 544—55° (Found: C, 67-9; H, 5-5. C,,H,,0,Cl requires C, 
68-2; H, 5-4%). 

Phenyl §-p-chlorophenylethyl ketone, C,H,;*CO-CH,°CH,°C,H,Cl, 
was obtained by hydrolysing the above ester with dilute sulphuric 
acid or barium hydroxide. It separated from alcohol in colourless 
needles, m. p. 58° (Found: C, 73-6; H, 5-6. C,;H,,OCl requires 
C, 73-6; H, 54%). The oxime, prepared in the usual manner, 
crystallised from ligroin in colourless, slender needles, m. p. 117— 
118° (Found: C, 69-6, 69-5; H, 5-5, 5-5; N, 5-5, 5-55; Cl, 13-6, 
1375. C,,H,,ONCI requires C, 69-4; H, 5-4; N, 5-4; Cl, 13-6%). 

Ethyl p-Chlorobenzoylacetate, C,H,Cl*CO-CH,°CO,Et.—A solution 
of ethyl acetoacetate (26 g.) in alcoholic sodium ethoxide prepared 
‘Mi tom sodium (4-6 g.) and alcohol (35 g.) was treated below 10° with 
pchlorobenzoyl chloride (17-5 g.). The mixture was then stirred 
for 30 minutes, and treated in the same way with half the amounts 
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of sodium ethoxide solution and p-chlorobenzoy] chloride originally : 
used. Further additions of still smaller quantities were made in | 
like manner and after the use of sodium ethoxide equivalent to ba 
9-2 g. of sodium, and of 35 g. of the chloride, the mixture was kept - 
for 24 hours and then mixed with ether. The crystals obtained were J” 
suspended in water (260 c.c.) and shaken at 40—45° for 20 minutes C, 
with ammonium chloride (12 g.) and 10% ammonia (40 c.c.), , 
Extraction with ether gave 32 g. of a pale yellow oil, which on 
distillation yielded a fraction (20 g.), b. p. 175—185°/15 mm. “a 
Ethyl p-chlorobenzoylacetate boils at.181—182°/18 mm., and solidifies vad 
to a mass of needles, m. p. 36° (Found: Cl, 15:5. C,,H,,0,C1 a 
requires Cl, 15-65%). T 

Ethyl benzyl-p-chlorobenzoylacetate, C,H,Cl*-CO-CH(CH,Ph)-CO,Kt, 
was obtained from ethyl p-chlorobenzoylacetate and _ benzyl 
bromide in an analogous manner to its isomeride. It distilled at 
228—233°/14 mm., and solidified to a crystalline mass, which 
separated from alcohol in clusters of colourless needles, m. p. 65° 
(Found : C, 67-8; H, 5-5. C,gH,,0,Cl requires C, 68-2; H, 54%). 

p-Chlorophenyl 8-phenylethyl ketone, CgH,Cl*CO-CH,°CH,Ph, was fo, 
obtained in colourless, glistening plates, m. p. 78° (from alcohol) by § of + 
hydrolysis of the above ester with barium hydroxide (Found: J yj, 
C, 72-9; H, 5-3. C,,H,,0Cl requires C, 73-6; H, 5-4%). The § cod, 
oxime separates from ligroin in small, colourless prisms, m. p. 11I— J (c) 
112° (Found: C, 69-4, 69-5; H, 5-5, 5-55. C,;H,,ONCI requires 
C, 69-4; H, 54%). M 

Ethyl p-toluoylacetate, C,H,Me*CO-CH,:CO,Et, was prepared in 
a similar manner to the corresponding p-chloro-compound from y 
ethyl acetoacetate (27 g.), sodium (9-5 g.), ethyl alcohol (160 c.c.), @) 
and p-toluoyl chloride (35 g.). It boiled at 172—173°/14 mm. \ 
Marguery (Bull. Soc. chim., 1905, 33, 549) gives b. p. 170°/30 mm. I 
(Found: C, 69-7; H, 6-8. Calc.: C, 69-9; H, 6-8%). 

Ethyl benzyl-p-toluoylacetate, CgH,Me*CO*CH(CH,Ph)-CO,Et, was ( 
prepared from sodium (1-15 g.), ethyl alcohol (25 c.c.), and ethyl 
p-toluoylacetate (10-3 g.), and benzyl bromide (8-5 g.) dissolved in 
alcohol (25 c.c.). It was distilled at 232—233°/11 mm. (Found: In th 
C, 77:0; H, 6-7. CygH 903; requires C, 77-0; H, 68%). On# ¢, 
hydrolysis with baryta, p-tolyl $-phenylethyl ketone, m. p. 70°, § 3 1 
was obtained (compare Mailhe, Bull. Soc. chim., 1914, 15, 328). in (c) 

The oxime separated from ligroin in colourless, glistening plates, § ;,; ; 
m. p. 101—102° (Found: C, 80-5; H, 7:2. C,gH,,ON requires § 4) 
C, 80-3; H, 7-2%). is pre 

Ethyl p-methylbenzylbenzoylacetate, and | 

C,H,*CO-CH(CH,°C,H,Me)-CO,Et, Anna’ 


was obtained as a colourless, fairly mobile oil, b. p. 223—-225°/10 mm., 
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from ethyl benzoylacetate and. p-xylyl bromide (Found: C, 76-4; 
H, 6-4. C, gH, 0, requires C, 77-0; H, 68%). On hydrolysis with 
barium hydroxide phenyl 8-p-tolylethyl ketone was isolated as a low- 
melting, waxy solid. On oximation phenyl B-p-tolylethyl ketoxime, 
m. p. 85—86°, colourless needles from ligroin, was obtained (Found : 
C, 80°3; H, 7:3. C,g.H,,ON requires C, 80-3; H, 7:2%). 


The authors wish to record their thanks to Mr, A. Rumfitt for 
carrying out the majority of the analyses, and to the Royal Society 
for a grant with which part of the cost of this investigation has 
heen defrayed. 
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CXXII.—The Constitution of Thebenine. 
By JoHN Masson GULLAND and CyriL JOSEPH VIRDEN. 


Or the surprising degradations which are found in the chemistry 
of the morphine alkaloids, perhaps the most remarkable is that in 
which thebenine (II) is formed (a) from thebaine, or (b) from 
codeinone (I), the first product of the hydrolysis of thebaine, or 
(c) from pseudocodeinone (IIT). 
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In the cases (a) and (b) the conversion readily takes place on heating 
for a short time with dilute hydrochloric acid (Freund, Ber., 1897, 
30, 1357; 1899, 32, 168; Knorr, ibid., 1903, 36, 3074), whereas 
in (c) boiling acetic anhydride is necessary (Knorr and Hoérlein, 
ibid., 1907, 40, 2037), and the product contains an aromatic phen- 
anthrene nucleus in which the C-C-N group of the parent substance 
is present in the form of a side chain. The researches of Pschorr 
and his collaborators (Ber., 1904, 37, 2780; 1907, 40, 2001; 
Annalen, 1910, 373, 51, 75) have demonstrated conclusively the 
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positions occupied by the methoxyl and hydroxyl groups of theben- 
ine, but the allocation of the side chain to position 5 is based on less 
definite evidence. It depends on the fact that the product of the 
exhaustive methylation of thebenine is thebenol, in which the 
initial vinyl group has reacted further with one of the phenolic 
hydroxyls. Pschorr (loc. cit.) has shown that it is the hydroxy] in 
position 4, not that in position 8, which is involved in this ring 
formation, and he assigned to thebenol the formula (IV). In view 
of the ease of formation and stability of six-membered oxide rings, 
we prefer to adopt the formula (V) (compare Cahn, J., 1926, 2562). 
From stereochemical considerations, therefore, and from the fact 
that thebenol is converted into pyrene when distilled with zine 
dust or reduced by hydriodic acid and phosphorus (Freund, Ber., 
1897, 30, 1357; 1910, 43, 2128), it seems probable that the side 
chain of thebenine is in position 5, and the experiments which are 
described in this paper have shown beyond doubt that this is 
actually the case. 


Before describing this work in detail, it is necessary to mention 
two experiments made in order to test the accuracy of a mechanism 
which has recently been suggested for the thebenine transform- 
ation. Schépf and Borkowsky (Annalen, 1927, 458, 148) explain 
the formation of thebenine from codeinone by 1 : 4-addition of 
water (VIa) to the conjugated system produced in an enolic form 
of codeinone (VI), followed by the codeine—pseudocodeine trans- 
formation (VIb). The stage (VIa) is the formula which must now 
be given to the hydroxycodeine * which is obtained by the reduction 
of 14-hydroxycodeinone (Freund and Speyer, J. pr. Chem., 1916, 
94, 135; Speyer, Selig, and Heil, Annalen, 1922, 430, 1; compare 
Gulland and Robinson, Mem. Manchester Phil. Soc., 1925, 69, 
No. 10), and it seemed interesting to test this theory by direct 
experiment. We have found that 14-hydroxycodeine is quite 
unaffected by boiling hydrochloric acid (d 1-07, the strength used 
in the preparation of thebenine), and that prolonged heating with 
acetic anhydride yields no triacetylthebenine, but a mixture of two 
bases, one crystalline, the other amorphous, which are still under 


* Assuming that this substance is an unsaturated alcohol. 
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investigation. A consideration of these facts leads us to believe 
that Schépf’s theory is improbable. 


The comparative experiments described in this paper were based 
in the first instance on the analogous work which has been carried 
out with apomorphine and morphothebaine—the methylation of 
the phenolic hydroxyl groups, the elimination of the nitrogen atom 
by exhaustive methylation, the conversion of the resulting vinyl 
group into methoxyl through the stages of carboxylic acid, hydr- 
azide, azide (Curtius, Ber., 1894, 27, 778), and the comparison of 
the methoxyphenanthrene thus obtained with a phenanthrene 
derivative synthesised by Pschorr’s method (Ber., 1896, 29, 496). 
Pschorr and his collaborators have converted methebenine, the 
8-methyl ether of thebenine, into 3: 4: 8-trimethoxy-5-vinyl- 
phenanthrene, and have oxidised this to 3:4: 8-trimethoxy- 
phenanthrene-5-carboxylic acid. We have experienced no diffi- 
culty in preparing these compounds by the same methods, and the 
methyl ester of the acid readily yielded the corresponding hydrazide. 
A solution of this substance in glacial acetic acid on the addition of 
sodium nitrite deposited the azide as an oil which soon crystallised. 
When the azide was warmed with ethyl alcohol, nitrogen was 
evolved, but instead of the expected urethane, a crystalline non- 
nitrogenous substance, C,,H,.0,, separated in almost theoretical 
yield. The same compound was obtained when the azide was 
heated slowly to 65°, or when methyl or amyl nitrite acted on the 
hydrazide in alcoholic hydrogen chloride solution. Since this 
substance contains only two methoxyl groups, and dissolves in 
methyl-alcoholic potash, although scarcely soluble in methyl 
alcohol, we regard it as the lactone of 4-hydroxy-3 : 8-dimethoxy- 
phenanthrene-5-carboxylic acid (VII), and some confirmation of 
this view is obtained from its formation in the acid hydrolysis of 
3:4: 8-trimethoxy-5-cyanophenanthrene (see below), and from 
the facility with which the same methoxyl is hydrolysed when 
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methebenol is produced by the crystallisation from acetic acid of 
the trimethoxyvinylphenanthrene mentioned above. 


MeO, MeO, 
MeO 
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The chief product of the oxidation of 3: 4 : 8-trimethoxyvinyl- 
phenanthrene is a non-acidic substance, C,,H,,0,, which Pschorr 
termed ‘‘ oxymethebenol,”’ but which we have shown by the 
preparation of an oxime and a semicarbazone to be 5-aldehydo- 
3:4: 8-trimethoxyphenanthrene (VIII). The poor yield (20—30% 
of trimethoxyphenanthrenecarboxylic acid led us to try to prepare 
it from this aldehyde by oxidation, but in this we were unsuccessful 
in spite of a number of attempts. An indirect method of oxidation 
was therefore attempted; the oxime of (VIII) yielded 3: 4 : 8-tri- 
methoxy-5-cyanophenanthrene on dehydration by boiling with 
acetic anhydride and sodium acetate, but this compound appeared 
to be stable to boiling alcoholic potash, and was converted into 
(VIL) either by boiling with a mixture of hydrochloric and acetic 
acids, or by hydrolysing the corresponding imino-ester hydro- 
chloride. A by-product of the dehydration of the oxime was a base, 
C,,H,,0,N, the properties of which were so reminiscent of those 
of thebenidine (Vongerichten, Ber., 1901, 34, 767) that we consider 
the substance to be 3 : 8-dimethoxythebenidine (IX), or the iso- 
meride in which the CH and N are transposed. This transposition 
is analogous to the rearrangement which takes place when iso- 
quinoline is produced by the dehydration of cinnamaldoxime 
(Bamberger and Goldschmidt, Ber., 1894, 27, 1954). 

The experiments described above indicated that the conversion 
of methebenine into 3:4: 5: 8-tetramethoxyphenanthrene was 
impracticable, and we decided therefore to modify the original 
scheme. 3:4: 8-Trimethoxy-5-vinylphenanthrene was reduced 
catalytically to 3:4: 8-trimethory-5-ethylphenanthrene, which 
proved to be identical with a specimen prepared synthetically. 
The materials required for this synthesis were 2-nitroveratraldehyde 
(Pschorr and Sumuleanu, Ber., 1899, 32, 3405; Pisovschi, ibid., 
1910, 43, 2137) and 6-methoxy-3-ethylphenylacetic acid, and the 
starting point for the preparation of this acid was p-ethylanisole, 
obtained by the reduction of p-methoxyacetophenone by Clemmen- 
sen’s method (Ber., 1914, 47, 51). This was converted into 
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§-methoay-3-ethylbenzaldehyde by the modification of Gattermann’s 
aldehyde synthesis which has been introduced by Adams and 
Levine (J. Amer, Chem. Soc., 1923, 45, 2373; 1924, 46, 1518), and 
the aldehyde yielded 6-methoxy-3-ethylphenylacetic acid in good 
yield through the intermediate stages of azlacione and 6-methoxy- 
3-ethylphenylpyruvic. acid. The condensation of 2-nitroveratr- 
aldehyde with sodium 6-methoxy-3-ethylphenylacetate by heating 
at 100° with acetic anhydride results in a mixture of trans-a- 
(6'-methoaxy-3’ -ethylphenyl)-2-nitro-3 : 4-dimethoxycinnamic acid (X) 
and trans-2-nitro-3 : 4-dimethoxycinnamic acid (XI). Some deriv- 
atives of the second acid (XI) are described in the experimental part 
of this paper. On reduction with ferrous sulphate and ammonia, 
the acid (X) yielded trans-«-(6'-methoxy-3'-ethylphenyl)-2-amino- 
3:4-dimethoxycinnamic acid, and an aqueous methyl-alcoholic 
solution of the diazonium sulphate of this amino-acid deposited 
3:4: 8-triemethoxy-5-ethylphenanthrene-9-carboxylic acid (XII) on 
boiling or on addition of copper powder. This acid (XII) lost 
carbon dioxide when its solution in glacial acetic acid was heated 
at 230°, and the resulting 3 : 4 : 8-trimethoxy-5-ethylphenanthrene 
was identical with the preparation obtained from thebaine. 


MeO MeO, MeO 
MeO MeO MeO 
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ExPERIMENTAL. 


The Action of Hydrochloric Acid and Acetic Anhydride on 
l4-Hydroxycodeine.—This base, prepared according to Speyer, 
Selig, and Heil (loc. cit.), was recovered unchanged when ammonia 
was added to a solution in hydrochloric acid (d 1-07) which had 
been boiled under reflux for 2 hours. It was therefore refluxed 
with ten times its weight of acetic anhydride for 8 hours; the 
addition of water to the solution obtained precipitated no non- 
basic material. Ammonia was added, the precipitate was taken 
up in chloroform, washed with water, and dried with sodium 
uulphate, and the solvent was evaporated. When the resinous 
tesidue was rubbed with hot alcohol, part dissolved (see below) and 
part separated in colourless needles, which were collected and 
recrystallised from ethyl alcohol; m. p. 304° (Found: OC, 68-0; 
H, 59%). ‘These figures are in agreemént with a number of possi- 
bilities, and the substance is still under examination. It is readily 
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soluble in dilute acetic or hydrochloric acid, and is very sparingly 
soluble in cold alcohol. 

The alcoholic mother-liquor (see above) was evaporated to 
dryness, and the residue was dissolved in ether, dried, and freed 
from solvent by distillation. It was a pale yellow oil which dis. 
solved in dilute acetic and hydrochloric acids, and was readily 
soluble in the usual solvents except ligroin; from this it separated 
as an oil when a hot solution was cooled. The picrate, hydro. 
chloride, hydriodide, and perchlorate were amorphous. 

3:4: 8-Trimethoxy-5-vinylphenanthrene.—In preparing the stages 
intermediate between this substance and thebaine, we have 
followed closely the details given by Freund and Holthoff (Ber., 
1899, 32, 168) and Pschorr and Massaciu (Ber., 1904, 37, 2780), but 
throughout the series of reactions we have been able to improve 
the yields. Pschorr’s method of preparing trimethoxyvinyl- 
phenanthrene proved unsatisfactory, and the following process was 
found more suitable. Dimethylmethebenine methosulphate (m. p. 
283—285° ; Pschorr and Massaciu give m. p. 268—270°) (12 g.) and 
sodium hydroxide solution (200 c.c. of 20%) were boiled gently 
under reflux for 12 hours; during the reaction the vinylphen. 
anthrene separated in small, colourless needles (yield, 76%), 
m. p. 121° (Pschorr gives 122-5° corr.). 

3: 4: 8-Trimethoxyphenanthrene-5-carboxylic acid (m. p. 236— 
237°) was obtained as described by Pschorr, Loewen, and Rettberg 
(Annalen, 1910, 373, 51; m. p. 224—226°) by the oxidation 
by permanganate of 3:4: 8-trimethoxy-5-vinylphenanthrene in 
acetone solution. The methyl ester separated when a solution of 
the acid in methyl-alcoholic hydrogen chloride was boiled for 18 hours 
and allowed to cool. After recrystallisation from methyl alcohol, 
it melted at 149—151°. 

The hydrazide was prepared by boiling under reflux for 18 hour 
a mixture of equal weights of the ester, hydrazine hydrate, and 
ethyl alcohol. It separated on cooling, and crystallised from ethy! 
alcohol in colourless needles, m. p. 177° (Found : N, 8-4. C,,H,,0,N, 
requires N, 8-6%). 

The azide was obtained by the gradual addition of sodium nitrite 
solution (1-5 c.c. of 5N) to a cooled solution of the hydrazide (0-5 g:) 
in glacial acetic acid (5 c.c.). It separated as an oil which crystal. 
lised rapidly, and was collected, washed, and dried on porous tile. 
The azide decomposed smoothly at 65° when heated slowly (see 
below), but exploded at 80° if suddenly immersed in a bath at that 
temperature, 

5-Aldehydo-3 : 4 : 8-trimethoxyphenanthrene (VIII).—The acetone 
filtrate from the preparation of the trimethoxyphenanthrene- 
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carboxylic acid was evaporated to dryness, and the residual oil, 
which crystallised on rubbing, was recrystallised first from ethyl 
alcohol and then from benzene-ligroin. The aldehyde formed 
colourless plates, m. p. 151°, which were readily soluble in benzene 
(Found: C, 72-9; H, 5-5. C,,H,,0, requires C, 73-0; H, 5-4%). 

The semicarbazone separated in colourless needles when an 
aqueous-alcoholic solution of the aldehyde and an excess of semi- 
carbazide hydrochloride and sodium acetate were heated on the 
water-bath for 2 hours. It was sparingly soluble in the usual 
solvents, but was recrystallised from nitrobenzene; m. p. 243—246° 
(lecomp.) (Found: N, 11-8. C,9H,,0,N, requires N, 11-6%). 

The oxime was prepared by boiling under reflux for 2 hours a 
mixture of the aldehyde, a slight excess of hydroxylamine hydro- 
chloride and potassium acetate, and aqueous alcohol; water pre- 
cipitated the crude product as an oil which soon crystallised. 
After drying in a vacuum desiccator, the oxime was crystallised 
repeatedly from benzene, and dried in a vacuum desiccator, being 
obtained in dull yellow, lozenge-shaped leaflets, which softened at 
110°, became pasty at 140—142°, and were molten at 153° (Found : 
loss at 100°, 11-5. C,gH,,0,N,4C,H, requires loss, 12-2%. Found 
in material dried at 100°: N, 4-9. C,.H,,0,N requires N, 5-0%), 
It dissolved readily in warm 2N-sodium hydroxide; on cooling, the 
sodium salt separated in cream-coloured leaflets, which redissolved 
on addition of water. 

3:4: 8-Trimethoxy-5-cyanophenanthrene.—The oxime described 
above (4 g.), anhydrous sodium acetate (4 g.), and acetic anhydride 
(20 c.c.) were boiled under reflux for 6} hours. After the product 
had been cooled and mixed with water, the crystalline nitrile was 
collected, washed, pressed on tile (3-5 g.), and crystallised twice 
from methyl alcohol, forming pale brown needles, m. p. 145—146° 
(Found : C, 73-8; H, 5-4. C,gH,;0,N requires C, 73-7; H, 5-1%). 
The nitrile dissolved readily in benzene, forming a solution which 
exhibited a blue fluorescence, but was sparingly soluble in ether. 
It crystallised unchanged when a solution in aqueous methyl- 
alcoholic potash which had been boiled on the water-bath for 
5 hours was cooled. 

The orange-coloured acid mother-liquor from the preparation of 
the nitrile contained a small quantity of a base, probably 3 : 8-di- 
methoxythebenidine (IX), which was precipitated by ammonia as a 
yellow, flocculent mass. This substance was extracted by chloro- 
form, and, after being dried by anhydrous sodium sulphate, it 
separated as orange-yellow leaflets during the concentration of the 
solvent. When recrystallised from methy] alcohol, it formed orange 
leaflets, m. p. 229—230° (Found in material dried at 100°: C, 77-1; 
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H, 5-1; N, 5:2. C,,H,,0,N requires C, 77-6; H, 4:9; N, 5-3%), 
The properties of this base closely resemble those of thebenidine 
(Vongerichten, Joc. cit.). It formed an orange-yellow solution in 
dilute hydrochloric acid, from which it was precipitated unchanged 
by alkali, and the colour of the acid solution was almost completely 
discharged on reduction by tin. The base did not appear to react 
with nitrous acid. It exhibited pronounced fluorescence in different 
solvents: in very dilute hydrochloric acid, green; in concentrated 
sulphuric acid, an intense emerald-green; in chloroform, blue. 

The picrate separated from a methyl-alcoholic solution of the 
base and picric acid in wart-like nodules; after recrystallisation 
from methyl alcohol (bright green fluorescence), it formed orange 
needles, m. p. 255° (decomp.). 

Lactone of 4-Hydroxy-3 : 8-dimethoxyphenanthrene-5-carboxylic 
Acid (VII).—This substance was obtained from derivatives of 
3: 4: 8-trimethoxyphenanthrene-5-carboxylic acid in the following 
ways: (i) A small quantity of the azide was heated gently to 
65° and maintained at that temperature until the evolution of gas 
ceased. 

(ii) Methyl nitrite was passed into an ice-cold solution of the 
hydrazide (2 g.) in alcoholic hydrogen chloride (70 c.c. of 0-31), or 
alternatively amyl nitrite (0-2 c.c.) was added to an ice-cold solution 
of the hydrazide (0-1 g.) in alcoholic hydrogen chloride (5 c.c. of 
0-5N). In either case, on standing overnight, the lactone separated 
in practically theoretical yield. 

(iii) The nitrile (1 g.) was heated on a sand-bath for 6 hours with 
concentrated hydrochloric acid (15 ¢.c.) and glacial acetic acid 
(15 ¢.c.). The lactone, part of which separated during the reaction, 
was completely precipitated by the addition of water. 

(iv) An ice-cold solution of the nitrile (1 g.) in dry benzene 
(100 e.c.) and methyl alcohol (2 c.c.) was saturated with dry hydrogen 
chloride. Next day the light brown needles of the imino-ester 
hydrochloride (1 g.) were collected, washed with benzene, and 
dissolved in 50 c.c. of water. When the solution was warmed on 
the water-bath, the lactone separated in crystalline condition. 

The lactone, prepared by any of the methods just described, 
crystallised from glacial acetic acid, in which it was very sparingly 
soluble when cold, in faintly yellow needles, m. p. 246—247° (Found: 
C, 72:9; H, 4-3; M in camphor by Rast’s method, 267. C,,H,,9, 
requires C, 72-9; H, 43%; M, 280). It was very sparingly soluble 
in boiling methyl alcohol and insoluble in boiling sodium hydroxide 
solution, but dissolved readily in hot methyl-alcoholic potash and 
did not separate on cooling. On addition of water, a clear solution 
was obtained which immediately began to deposit the unchanged 
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lactone in an amorphous condition; presumably the potassium salt 
of the phenolic acid is hydrolysed in aqueous solution. In estimating 
methoxyl by Zeisel’s method, it was necessary to prolong the 
reaction for a number of hours at 150—160° [Found: OMe, 20-9. 
(,;H,0,(OMe), requires OMe, 22-1%]. The demethylated sub- 
stance, presumably the lactone of 3 : 4 : 8-trinydroxyphenanthrene- 
j-carboxylic acid, crystallised from the hydriodic acid, and after 
being collected and washed with sodium thiosulphate solution, 
crystallised from ethyl alcohol in colourless needles; it decomposed 
from 305° onwards, and formed a yellow solution in sodium 
hydroxide, but was insoluble in bicarbonate solution. 

p-Ethylanisole —p-Methoxyacetophenone (25 g.) (Gattermann, 
Ber., 1890, 23, 1202) was heated on the water-bath for several 
hours with amalgamated zinc (100 g.) and concentrated hydro- 
chloric acid (Clemmensen, loc. cit.), and after being decanted from 
the excess of zinc the mixture was steam-distilled. Ethylanisole 
passed over and was taken up in ether, dried with potassium 
carbonate, and distilled, being obtained as a colourless oil, b. p. 
199—200° (Moschner, Ber., 1901, 34, 1257, gives b. p. 199—200°, 
and Klages, ibid., 1903, 36, 3584, b. p. 196—197°). The yield was 
40% of that theoretically possible, and there remained a con- 
siderable non-volatile residue (compare Steinkopf and Wolfram, 
Annalen, 1923, 430, 113). Attempts to improve the yield by 
modifying the conditions were unsuccessful, and the method of 
Gilman and Hoyle (J. Amer. Chem. Soc., 1922, 44, 2621) using 
magnesium, bromoanisole, and ethyl sulphate proved unsatis- 
factory. 

6-Methoxy-3-ethylbenzaldehyde.—The aldehydo-group was intro- 
duced into p-ethylanisole by the method of Adams and Levine 
(loc. cit.). A mixture of p-ethylanisole (50 g.), zinc cyanide (95 g.), 
and dry benzene (350 c.c.) was stirred mechanically in a flask fitted 
with an inlet for dry hydrogen chloride, an efficient stirrer passing 
through a mercury seal, and an outlet tube connected through a 
reflux condenser with a Woulff’s bottle containing sulphuric acid. 
The stirred mixture was saturated with hydrogen chloride (24 hours), 
aluminium chloride (80 g.) added, and the flask warmed at 50° for 
12 hours while the mixture was again saturated with hydrogen 
chloride. The stirring was then stopped, and next day the upper 
of the two layers into which the mixture had separated was poured 
off, and the dark-coloured lower one was hydrolysed by boiling 
hydrochloric acid (150 c.c. of 3N) and submitted to steam distil- 
lation. The residual benzene distilled rapidly, and then 6-methoxy- 
3-ethylbenzaldehyde passed over slowly, and was taken up in ether. 
The crude oil left by distillation of the ether was converted into the 
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bisulphite compound, which separated from the hot sodium 
bisulphite solution on cooling and was then hydrolysed by hot 
hydrochloric acid. The resulting oil was extracted with ether, 
washed with water, and dried, and the removal of the ether left 
the aldehyde (yield 55%), which was converted directly into the 
azlactone. - 

6-Methoxy-3-ethylbenzaldehyde is an oil, b. p. 261—262°, which 
was analysed in the form of its semicarbazone. The aldehyde (1 g,), 
semicarbazide hydrochloride (3 g.), and sodium acetate (4 g.) in 
aqueous alcohol were heated on the water-bath for 2 hours. The 
semicarbazone, which separated on cooling, crystallised from ethy| 
alcohol in colourless needles, m. p. 226—227° (Found: N, 19-2, 
C,,H,;0.N, requires N, 19-0%). 

5-Keto-2-phenyl - 4 - (6'- methoxy - 3’ - ethylbenzylidene) - 4 : 5 - dihydro- 


owazole, MeO-C,H;Et-CH:C<N3o >0.—This azlactone was ob- 


tained by heating together on a water-bath for 30 minutes 6-methoxy.- 
3-ethylbenzaldehyde (10 g.), hippuric acid (12 g.), fused sodium 
acetate (12 g.), and acetic anhydride (20 c.c.). The yellow solid 
produced was washed with cold alcohol and repeatedly with boiling 
water. Further treatment was unnecessary for the next stage, but 
the azlactone crystallised from acetic acid, ethyl acetate, or ethyl 
alcohol in bright yellow needles, m. p. 159° (Found: N, 45. 
Ci,H,,0,N requires N, 4-6%). 

6-Methoxy-3-ethylphenylpyruvic acid, 

MeO-C,H,Et*CH,°CO-CO,H, 

was prepared from the azlactone (10 g.) by boiling with sodium 
hydroxide solution (50 c.c. of 10%) for 12 hours. The sodium salt 
of the acid, which separated in colourless plates, m. p. 184°, when 
the dark liquid was allowed to remain for some hours, was recrystal- 
lised from water (Found: loss at 100° after drying in a vacuum 
desiccator, 3-4. C,.H,,0,Na,}H,O requires loss, 3-6%. Found in 
dried material: Na, 9-2. C,,H,,0,Na requires Na, 9-4%). The 
acid was obtained as an oil, which slowly crystallised in needles, by 
acidifying an aqueous solution of the salt, and the alkaline liquor 
from which the salt had separated after the hydrolysis of the 
azlactone yielded a further quantity of the acid when acidified by 
sulphur dioxide (Haworth, Perkin, and Rankin, J., 1924, 125, 
1686). The total yield was 70% of that theoretically possible. 

6-Methoxy-3-ethylphenylpyruvic acid dissolved readily in ethyl 
alcohol, ether, acetone, or acetic acid, but was somewhat less soluble 
in methyl alcohol, and crystallised from this solvent in yellow 
prisms, m. p. 185°, which liquefied on being kept for a short time. 
Satisfactory analyses of the acid could not be obtained, and it was 
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therefore analysed in the form of 3-hydroxy-2-(6'-methoxy-3’ -ethyl- 
henzyl)quinoxaline, MeO-C,H,Et-CH, CK OH): Mg which separ- 
ated when a hot alcoholic solution of the acid and o-phenylenedi- 
amine was cooled. This substance crystallised from ethyl alcohol 
in very small, colourless needles, m. p. 184—185° (Found: N, 9-4. 
C,gH,,0.N, requires N, 9-5%). 

6-Methoxy-3-ethylphenylacetic Acid, MeO-C,H,Et-CH,-CO,H.— 
An ice-cold solution of sodium 6-methoxy-3-ethylphenylpyruvate 
in 2N-sodium hydroxide was oxidised by a slight excess of 30% 
hydrogen peroxide diluted with four volumes of water. Next day 
the phenylacetic acid (85% yield) was precipitated in shining 
leaflets by dilute sulphuric acid, and was collected, dried, and 
recrystallised from light petroleum (b. p. 60—80°); it formed 
colourless leaflets, m. p. 68—69°, which readily dissolved in ethyl 
alcohol, ether, and benzene (Found in material dried at 100°: 
(, 67-9; H, 7-6. C,,H,,0, requires C, 68-0; H, 7-2%). The 
sodium salt was prepared by evaporating to dryness a solution of 
the acid in the requisite amount of sodium carbonate solution. It 
was very readily soluble in water. 

The Condensation of 2-Nitroveratraldehyde with 6-Methoxy- 
3-ethylphenylacetic Acid.  trans-«-(6’-Methoxy-3'-ethylphenyl)-2- 
nitro-3 : 4-dimethoxycinnamic Acid (X) and trans-2-Nitro-3 : 4-di- 
methoxycinnamic Acid (XI).—A mixture of sodium 6-methoxy- 
3-ethylphenylacetate (7 g.), 2-nitroveratraldehyde (14 g.), and 
acetic anhydride (80 c.c.) was heated under reflux at 100° for 
72 hours. Water was then added to destroy the acetic anhydride, 
and the residual oil was taken up in ether. The ether was repeatedly 
extracted with sodium carbonate solution, and when the mixed 
extracts were fractionally precipitated by hydrochloric acid the 
acid (X) separated first; it was recrystallised from ethyl alcohol. 

trans - «(6’- Methoxy-3'-ethylphenyl)-2-nitro-3 : 4-dimethoxycinnamic 
acid formed pale lemon-yellow prisms, m. p. 193—194° (Found : 
C, 62-6; H, 5:5. Cy 9H,,0,N requires C, 62:0; H, 54%). The 
acid dissolved readily in hot dilute ammonia, but on cooling, the 
ammonium salt separated in pale yellow, silky needles. 

Both this acid (X) and the acid (XI) (below) have the trans- 
configuration, since on reduction they yield the corresponding 
amino-acids, and not the carbostyril derivatives (compare Stoermer, 
Annalen, 1915, 409, 13). 

In the fractional precipitation by acid (see above), the partly 
neutralised solution was decanted from the first oily precipitate 
when crystals began to separate. The crystals are the acid (XI), 
and complete precipitation yielded this acid in a comparatively pure 
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condition; on recrystallisation from ethyl alcohol, trans-2-nitro. 
3: 4-dimethoxycinnamic acid formed colourless needles, which 
softened at 217° and melted at 229° (Found: C, 52-5; H, 4-4. 
C,,H,,0,N requires C, 52-2; H, 43%). This acid was identical 
in every way with a specimen prepared by the following method. 
2-Nitroveratraldehyde (4 g.), malonic acid (6:3 g.), piperidine 
(0-5 c.c.), and pyridine (20 c.c.) were heated together on the water. 
bath for 1 hour, and the mixture was then poured into water and 
acidified by hydrochloric acid. The precipitated acid was collected, 
washed, purified by solution in sodium carbonate and reprecipitation, 
and crystallised from ethyl alcohol, from which:it separated in pale 
yellow needles, m. p. 229° after softening at 217°. 

2-Amino-3 : 4-dimethoxycinnamic Acid (as XI, but with NH, 
instead of NO,).—A hot ammoniacal solution of the nitro-acid was 
added to a reducing mixture prepared from the theoretical quantity 
of ferrous sulphate (7H,O)* and an excess of ammonia. After 
heating on the water-bath for 20 minutes, the solution was filtered, 
and the amino-acid precipitated by acetic acid (yield, 65%). This 
acid crystallised from ethyl alcohol in colourless needles, m. p. 
173—178° (decomp.) (Found: N, 6-4. ©,,H,,0,N requires N, 
63%). The hydrochloride was sparingly soluble, and crystallised 
from water in colourless leaflets which charred on heating. The 
acetyl derivative was prepared by heating the acid with acetic 
anhydride on the water-bath for 15 minutes, precipitated with 
water, and crystallised from ethyl alcohol. It formed colourless 
needles, m. p. 253° (decomp.), which. were soluble in sodium 
bicarbonate. 

7 : 8-Dimethoxycarbostyril—The amino-acid or its acetyl deriv- 
ative (1 g.) was heated on the water-bath for 15 minutes with 
acetic anhydride (10 c.c.) and one drop of concentrated sulphuric 
acid. Water and an excess of sodium bicarbonate were then added; 
the carbostyril, which separated in plates, crystallised from ethyl 
alcohol in the same form, m. p. 166—168° (Found: N, 68. 
C,,H,,0,N requires N, 6-8°%). It dissolved in dilute alkali and acid. 

trans -«- (6'- Methoxy - 3’ - ethylphenyl) - 2 - amino -3 : 4 - dimethoxy- 
cinnamic Acid (as X, but with NH, instead of NO,).—An ammoni- 
acal solution of the corresponding nitro-acid (X) (4:2 g.) was added 
to a hot reducing mixture prepared by adding ammonia (d 0-880; 
50 c.c.) in water (35 c.c.) to ferrous sulphate (27-2 g.) in hot water 
(100 c.c.). After heating on the water-bath for 30 minutes, the 


* Experiments on a number of reductions of this type have shown that 
the use of the theoretical amount of ferrous sulphate is essential. An excess 
of ferrous hydroxide, if present, passes through the filter, and forms ultimately 
the insoluble basic acetate. 
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mixture was filtered and the amino-acid obtained in almost theoret- 
ical yield by acidifying the filtrate with acetic acid. It was purified 
further by solution in hydrochloric acid and precipitation by means 
of sodium acetate, and after being collected, washed, and dried, 
was crystallised from benzene; it formed lemon-yellow, flat prisms, 
m. p. 151—152° (Found: C, 67:2; H, 6-4. C, 9H;,0,N requires 
C, 67-2; H, 6.4%), which were very soluble in alcohol but insoluble 
in light petroleum. 

3:4: 8-Trimethoxy-5-ethylphenanthrene-9-carboxylic Acid (XII). 
—The calculated quantity of sodium nitrite solution (freshly stan- 
dardised; approximately N) was added slowly to an ice-cold 
solution of «-(6’-methoxy-3’-ethylphenyl)-2-amino-3 : 4-dimethoxy- 
cinnamic acid (1 g.) in methyl alcohol (16 ¢.c.) and sulphuric acid 
(10 c.c. of 2N). The clear red solution, diluted with ice-water 
(30 c.c.), was divided into two parts. (i) On heating, nitrogen was 
evolved, and the acid (XII) separated as a gum, which crystallised 
from ethyl alcohol in colourless needles, m. p. 207°. (ii) Copper 
bronze powder was added to the second part; when the evolution 
of nitrogen ceased, the solution was made alkaline with sodium 
carbonate and filtered, and the acid (XII) precipitated by sulphuric 
acid. The yield in either case was about 35%, and the acid 
crystallised from benzene in needles, m. p. 207°, which, were spar- 
ingly soluble in acetic acid (Found: C, 70-1; H, 5-8. CH 90; 
requires C, 70-6; H, 5-9%). 

3:4: 8-Trimethoxy-5-ethylphenanthrene was obtained either by 
the reduction of 3:4: 8-trimethoxy-5-vinylphenanthrene (from 
thebaine), or by the elimination of the carboxyl group of the acid 
(XIJ). 

(i) A methyl-alcoholic solution of trimethoxyvinylphenanthrene 
(1 g.) absorbed a volume of hydrogen equivalent to one molecule 
when shaken in an atmosphere of the gas in presence of palladinised 
charcoal (6 g.), prepared as described by Oxford, Perkin, and 
Robinson (J., 1927, 2389). The filtered solution was evaporated to 
dryness; the residue crystallised from ethyl alcohol in colourless 
needles, m. p. 112—113° (Found: C, 77:0; H, 7-0. Cy gH, 0, 
requires C, 77-0; H, 6-7%). Acold acetone solution of this substance 
resisted oxidation by potassium permanganate to a marked extent. 

(ii) The acid (XII) (0-6 g.) in glacial acetic acid (30 c.c.) was 
heated in a sealed tube at 230° for 44 hours. The product was 
poured into an excess of dilute ammonia and extracted with ether. 
The extract, after being washed with water and dried with potass- 
ium carbonate, was distilled, yielding a dark-coloured oil which was 
extracted repeatedly with cold methyl alcohol in order to free the 
product from a black, insoluble residue. The methyl-alcoholic 
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solution was concentrated (charcoal), and on cooling deposited 
yellow columns, m. p. 165—166°; the examination of this substance 
is described below. The methyl-alecoholic ‘ mother-liquor was 
concentrated to a very small volume; 3: 4: 8-trimethoxy-5-ethyl- 
phenanthrene then separated, and after recrystallisation from ethy| 
alcohol (charcoal) melted at 112—113° (Found : C, 77-0; H, 7-1%). 
There was no depression of the melting point of a mixture of this 
substance with the preparation described in (i). 

The substance, m. p. 165—166°, was recrystallised from ethyl 
alcohol, and the m. p. remained constant (Found: C, 73-9; H, 
56%). The properties of this substance were those of a lactone; 
it dissolved immediately in hot dilute alcoholic sodium hydroxide, 
and the solution remained clear on dilution with water. Acidific. 
ation with dilute sulphuric acid precipitated a yellow amorphous 
acid which became crystalline on standing. It was recrystallised 
from alcohol, from which it separated in minute prisms, m. p. 
155—157° after softening at 140°. This substance dissolved in 
sodium carbonate, and the melting point of a mixture of it with 
the original compound, m. p. 165°, was depressed. The amount of 
material was insufficient for further examination, but it is suggested 
tentatively that the substance, m. p. 165°, is the lactone of 8-hydroxy- 
3 : 4-dimethoxy-5-ethylphenanthrene-9-carboxylic acid (C,H,,0, 
requires C, 74:0; H, 5-2%). 

One of us (C. J. V.) wishes to thank the Goldsmiths’ Company for 
a Senior Studentship and the Department of Scientific and Industrial 
Research for a grant which have enabled him to take part in this 
research. The authors acknowledge their indebtedness to the 
Chemical Society for grants which have defrayed part of the cost 
of this investigation. 
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CX XITI.—The Intermolecular Condensation of Acetyl- 
methylanthranilic Acid by Means of Phosphorus 
Pentachloride and the Formation of a Complex 
isoCyanine Dye. 


By Istpor Morris Herpron, SypNEy Louis Hott, and 
Francts Nort KItcHen. 


By the action of phosphoryl chloride upon ethyl acetylanthranilate. 
Anschiitz and Schmidt (Ber., 1902, 35, 3463) obtained an acid, 
C,,H,,0,N., to which they ascribed the constitution (I) or (II). 
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((OH):CH-CO-NH HO-C-CH,-CO-N 
I) CoH, OH, C.H,<| >CoH, (I) 
NH—CO—CH‘U-0H N-CO-CH,"C-OH 
The same compound was incidentally isolated by Heller and 
Grundmann (Ber., 1923, 56, 200) by-treatment of benzenesulphonyl- 
athranilic acid with acetic anhydride, followed by hydrolysis of 
the sulphonic residue with aqueous sodium hydroxide. These 
authors showed, however, that the constitution must be represented 
by (III), because scission of the acid with glacial acetic acid and 
hydrochloric acid at 100° gave 4-hydroxyquinaldine (IV). 


HO-Cy HO-C 
‘C-CO-NMe CH. ay 

IL) CHy< C,H oH< CH av. 
mM) CoH Me HO,C7 Oo an a 


A study has now been made of the complex products obtained by 
the action of phosphorus pentachloride upon acetylmethylanthr- 
anilic acid. When the reactants in equimolecular proportion were 
heated under reflux in presence of acetyl chloride, hydrogen chloride 
was evolved and a substance was gradually deposited which, after 
treatment with alcohol, finally yielded a product, m. p. 245°, of 
formula C,.H,,0,N,. After removal of solvent and phosphorus 
chlorides from the original filtrate, the residual gum was dissolved 
in alcohol, and a second substance (m. p. 209°), C,.H,.0,N,Cl,, was 
isolated. This compound was the sole product of the reaction 
when 14 mols. of phosphorus pentachloride were employed, whereas 
with only } mol. of phosphorus chloride the chlorine-free compound 
alone was produced. That the latter substance has the structure 
(V), analogous to (III), follows from the isolation of 1 : 2-dimethyl- 
4quinolone (VI) and methylanthranilic acid as products of its 
hydrolysis by means of concentrated hydrochloric acid. 


-_ CO -CO-NMe 
(V.) Ugtty NMe’CMe pom 
EtO, 


Intermolecular condensation, therefore, must have occurred so 
as to produce in the first instance the acid chloride (VIL; = V with 
COCI instead of CO,Et), and this view has been confirmed both by 
the preparation of the free acid and also by the ready formation 
of 4:4'-diketo-1: 1’ : 2’-trimethyl-1' : 4'-dihydro-2(3’)-quinolylquin- 
azoline (VIII) on treatment of the original reaction product (VII) 
with concentrated ammonia. 

/NMe CCly 
f 5 off YOO Noa 


4. 
~*~‘ CMe 
a NMe? 'HH0,C 


(VITI.) Cl (IX.) 
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The compound C,,H,,03,N,Cl,, m. p. 209°, proved to be the 
chloride of a monacid base, the second chlorine atom being non. 
ionic. When refluxed with alcoholic potash, it was readily converted 
into the chlorine-free acid derived from (VII), a reaction reminiscent 
of the formation of 4-hydroxypyridine derivatives from the corre. 
sponding 4-chloro-compounds (compare Sedgwick and Collie, J, 
1895, 67, 399), and one which indicates formula (IX) as representing 
its structure. The ready formation of the anilide (X) when the 
ester is heated with aniline in acetic acid solution, and the isolation 
of 4-hydroxyquinaldine methochloride as a product of hydrolysis 
are in complete harmony with such a formulation. 


C-NHPh C-NHPh 
on “C—CONMN op 3 on’ ® O-NM 
6144 . ett4 6rh4 ° 
“CH, EtO, \ /C-CHe PhHN:O 
NMe (X.) NMe (XI.) 

On the other hand, when the original acid chloride from which 
(IX) is derived was warmed with an excess of aniline, the methylene 
base (XI) was produced, a reaction paralleled by the production §? 
of 4-anilino-1-methyl-2-methylene-1 :2-dihydroquinoline from 
4-chloroquinaldine methiodide (compare O. Fischer, Diepolder, and 
Wolfel, J. pr. Chem., 1925, 109, 59). 

CCl , e 
KK Be C,H,°CO,Et 
CR ACHR Sent >N Me}I 
NMe  _—s CO-NMeC,H, "CO, Et 

When = 4-chloro-3-0- carbethoxyphenylmethylcarbamyl - 2 -methyl- 
quinoline methochloride (IX) is neutralised with aqueous alkali, the 
free base is precipitated as a yellow solid. This substance is extra. 
ordinarily labile and rapidly passes into a purple, gummy dye, 
soluble in water to a reddish-purple solution, the colour of which 
is discharged by strong mineral acids. These reactions, and the 
fact that the anilino-derivative (X) fails to produce a dye, lead to 
the conclusion that the dye is a member of the isocyanine group. 
The dye was isolated and analysed in the form of its iodide (XII), 
its formation being analogous to the preparation of a chloro- 
isocyanine by Q. Fischer, Miiller, and Vilsmeier from 4-chloroquin- 
aldine methiodide (J. pr. Chem., 1925, 109, 69). 

The action of phosphorus pentachloride upon 5-bromoacetyl- 
methylanthranilic acid has also been studied. This compound was 
prepared by converting 5-bromoanthranilic acid into its methyl 
derivative and acetylating this under the conditions described in 
the experimental part. Attempts to methylate the corresponding 


C,H, 


(XII.) 
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}bromoacetylanthranilic acid were unsuccessful. The course of 
‘Ethe reaction with phosphorus pentachloride is completely analogous 
to that already described, resulting in the formation of 6-bromo- 
3-p-bromo-o-carbethoxyphenylmethylcarbamyl-1 : 2-dimethyl - 4 - quinol - 
‘Ime and 4-chloro-6-bromo-3-p-bromo-o-carbethoxyphenylmethylearb- | 
"Bomyl-2-methylquinoline methochloride. 


EXPERIMENTAL. 


3-0-Carbethoxyphenylmethylearbamyl-1 : 2-dimethyl-4-quinolone (V). 
—Dry acetylmethylanthranilic acid (42 g.) was suspended in acetyl 
chloride (250 c.c.) and mixed with phosphorus pentachloride (25 g. ; 

A vigorous reaction started immediately and after the 
evolution of hydrogen chloride had slackened the whole was heated 
under reflux on the water-bath. The cream-coloured solid obtained 
was washed repeatedly with small quantities of acetyl chloride and 
finally with dry ether, and dissolved in alcohol; a vigorous reaction 
then occurred which was completed by refluxing the mixture for 
thour. The cold solution was diluted with water and the crystals 
obtained after 12 hours were repeatedly crystallised from aqueous 
alcohol, from which the quinolone separated in colourless needles 
containing 1H,0. The hydrated compound melts at 124°, resolidi- 
fies at 200°, and melts again at 240°. The anhydrous compound, 
which is obtained by boiling the hydrate with dry benzene and 
separates as a microcrystalline powder, melts at 245°. It is fairly 
easily soluble in warm alcohol, but insoluble in ether and benzene 
(yield, 62%) (Found: C, 70-2, 70:0: H, 5-7, 5-8; N, 7-5, 7-5. 
CyH,.0,N, requires C, 69-8; H, 5-8; N, 7-4%). 

The corresponding methyl ester, obtained by decomposing the 
acid chloride with methyl alcohol, also separates as a hydrate, 
which partly melts at 115°. The anhydrous compound, obtained 
by crystallisation of the hydrate from dry acetone-chloroform, forms 
long, prismatic needles, m. p. 244° (Found: C, 69-0; H, 5-5; 
N, 7-9. C©,,H..0,N, requires C, 69-2; H, 5:5; N, 7-7%). 

3-0-Carboxyphenylmethylcarbamyl-1 : 2-dimethyl-4-quinolone.—The 
chloride (VII) was warmed with dilute sodium hydroxide solution, 
and the acid precipitated with hydrochloric acid. Recrystallised 
from aqueous alcohol, it separated as a hydrate, m. p. 130—131°. 
The anhydrous acid was obtained, by crystallisation from acetone— 
chloroform, in colourless prisms, m. p. 247°, soluble in alcohol, 
insoluble in ether and benzene (Found: C, 68-4, 68-6; H, 5-2, 
52; N, 8-2. C.9H,,0,N, requires C, 68:6; H, 5:2; N, 8-0%). 

The anilide, prepared by warming the acid chloride with aniline, 
crystallised from aqueous alcohol (charcoal) in lustrous plates, 
m. p. 115° (Found: N, 10-1. C,,H,,;0,N, requires N, 9°9%). 
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4 : 4'-Diketo-1 : 1’ : 2'-trimethyl-1V' : 4’-dthydro-2(3')-quinolylquin- 
azoline (VIII) was prepared by treating the acid chloride with cold 
concentrated ammonia; after the vigorous reaction had ceased, the 
mixture was diluted with water. The quinazoline crystallised from 
alcohol in colourless prisms, m. p. 260° (Found : N, 11-8. C,9H,,0,N, 
requires N, 120%). It is readily soluble in warm dilute hydro. 
chloric acid and separates unchanged on cooling. 

Acid Hydrolysis of 3-0-Carbethoxyphenylmethylcarbamyl-1 : 2-di. 
methyl-4-quinolone.—The quinolone (3 g.) was boiled for 6 hours 
under reflux with concentrated hydrochloric acid (10 ¢.c.); 1 : 2-di- 
methyl-4-quinolone hydrochloride separated on cooling. The free 
base, isolated by means of dilute ammonia, formed colourless 
needles, m. p. 175—176° (Found: C, 76-1; H, 6-3; N, 8-0. Cale. 
for C,,H,,ON: C, 76-3; H, 6-4; N, 8-1%). 

4 - Chloro-3- 0- carbethoxyphenylmethylcarbamyl - 2 - methylquinoline 
Methochloride (IX).—Dry acetylmethylanthranilic acid (15 g) 
was suspended in acetyl chloride (150 c.c.) and treated with phos. 
phorus pentachloride (25 g.; 14 mols.). When the evolution of 
hydrogen chloride had almost ceased, the mixture was refluxed on 
the water-bath until all the solid had dissolved to form a deep red 
solution. The thick red gum left after removal of the solvent and 
phosphorus chlorides under reduced pressure was warmed with 
absolute alcohol, and the resultant red solution mixed with an 
equal volume of ethyl acetate. The cream-coloured needles which 
separated on standing were. repeatedly crystallised from alcohol 
(charcoal), and the methochloride, finally crystallised by addition of 
ethyl acetate, was obtained in colourless needles, m. p. 209° (decomp. 
to a purple mass), readily soluble in alcohol and water, sparingly 
soluble in ethyl acetate, insoluble in ether and benzene (yield, 50%). 
The free base was precipitated by aqueous alkali as a yellow solid, 
which rapidly turned purple and formed a tar. The methochloride 
may also be prepared by treating 3-o-carbethoxyphenylmethy!- 
carbamyl-1 : 2-dimethyl-4-quinolone as described above with phos- 
phorus pentachloride (1 mol.) (yield, 66°% of the quinolone employed) 
(Found: C, 58-6, 58-4; H, 5-4, 5-3; N, 6-4, 6-5; total Cl, 15°; 
ionised Cl, 7-9. C,H .0,N,Cl,,H,O requires C, 58-5; H, 5:3; 
N, 6:2; total Cl, 15-7; ionised Cl, 7-9%). 

Salts. The methoperchlorate, precipitated from an aqueous solu- 
tion of the methochloride by perchloric acid in slight excess, 
crystallised from alcohol, containing a few drops of perchloric acid, 
in colourless needles, m. p. 224—225° (decomp. to a purple mass). 
When heated in a flame, it melted and then decomposed explosively 
(Found: N, 6-0. C,.H,.0,N,Cl, requires N, 5-6%). 

The methiodide, obtained from potassium iodide and the metho- 
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chloride in aqueous solution, separated from aqueous alcohol in 
golden-yellow needles, much less soluble in water and alcohol than 
the corresponding chloride. It became purple-red at 210° and 
decomposed to a dark red mass at 215° (Found: C, 50-1; H, 4-3. 
CypH203N,CII requires C, 50-4; H, 42%). 

The methopicrate separated from aqueous alcohol, in which it 
dissolved to a dark red solution, in golden-yellow needles, decomp. 
168—169° [Found : N, 13-4. 

Cy9H5.03N,Cl(O-C,H,0O,N),C,H,(NO,),°OH 
requires N, 13-2%]. 

4-Chloro-3-0-carbomethoxyphenylmethylcarbamyl - 2 - methylquinoline 
methochloride, prepared by treating the gummy acid chloride with 
methyl alcohol and precipitated from the resulting red solution by 
ethyl acetate, crystallised from ethyl alcohol, on addition of ethyl 
acetate, in white needles. These began to turn purple at 145° and 
melted to a purple mass at 189—190° (Found: C, 57-7; H, 5-3; 
N, 6-8. C,,H90,N,Cl,,H,O requires C, 57-7; H, 5-0; N, 64%). 
The methiodide formed golden-yellow needles, m. p. 214° (decomp.) 
(Found: N, 5-7. (C,,;H, 90,N,CII requires N, 5-5%). 

4-A nilino-3-0-carbethoxyphenylmethylcarbamyl- 1 - methyl -2 - methyl- 
ene-1 : 2-dihydroquinoline (X).—The red solution obtained by 
refluxing 4-chloro-3-0-carbethoxyphenylmethylcarbamyl-2-methyl- 
quinoline methochloride (2 g.) and aniline (2 g.) in glacial acetic acid 
(6 c.c.) for 1 hour was diluted with water, extracted with ether to 
rmove acetanilide, and rendered alkaline. The precipitated 
methylene base, removed and dried in ether, crystallised from alcohol 
(charcoal), on slight dilution with water, in orange prisms, m. p. 
I91—192°; it dissolved readily in mineral acids to give yellow 
solutions (Found: C, 74:5; H, 6-1; N, 9:3. C,,H,,O,N, requires 
, 74:2; H, 6-0; N, 93%). 

The corresponding 4-piperidino-methylene base was obtained in a 
similar manner by refluxing an alcoholic solution of the ethyl ester 
with piperidine. It separated from benzene-light petroleum in 
yellow needles, m. p. 260°, readily soluble in dilute acids and the 
usual organic solvents with the exception of light petroleum (Found : 
(, 73-0; H, 6-9; N, 9-8. C,,H,,0,N, requires C, 72-8; H, 7-0; 
N, 94%). 

4-Anilino-3-0-anilinophenylmethylcarbamyl-1 - methyl - 2 - methylene - 
1: 2-dihydroquinoline was obtained by refluxing the acid chloride 
reaction product with aniline; the whole set to a brittle mass, 
which was extracted with alcohol. The yellow powder precipitated 
on dilution of the alcoholic solution with dilute hydrochloric acid 
was repeatedly dissolved in alcohol and precipitated with water. 
Although readily soluble in alcohol, benzene, and acetone, giving 
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deep red solutions showing a brilliant green fluorescence, this com- 
pound could not be obtained in a crystalline form. It melted 
indefinitely at about 165° with previous softening (Found: N; 1b6. 
Cs.H,,0,.N, requires N, 11-2%). 

Acid Hydrolysis of 4-Chloro-3-0-carbethoxyphenylmethylcarbamyl- 
2-methylquinoline Methochloride.—The ester (5 g.) was gently boiled 
for 6 hours under reflux with concentrated hydrochloric acid (150 
c.c.), and the cooled solution was almost neutralised with alkali and 
extracted with ether to remove methylanthranilic acid. The 
aqueous portion was concentrated under reduced pressure; 4-hydr- 
oxyquinaldine methochloride, which separated slowly, after several 
erystallisations from aleohol-ether, was obtained in colourless 
needles, m. p. 217° (Found: C, 58-2; H, 63; N, 6-5. Calc. for 
C,,H,ONCI,H,O: C, 58-2; H, 6:2; N, 62%). 


4’-Chloro-3 : 3'-di(o-carbethoxyphenylmethylcarbamyl) - 1 : 2: V’ -tri- 


methylisocyanine Iodide (XII).—A solution of 4-chloro-3-0-carb- 


ethoxyphenylmethylcarbamyl-2-methylquinoline methochloride (2}. 


g.) in hot absolute alcohol, when treated with 10 c.c. of dilute 
ammonia (equivalent to 0-24 c.c. of NH, d 0-88), became reddish- 
purple; it was boiled for 4 hour and then treated with a slight 
excess of concentrated potassium iodide solution. The iodide 
slowly separated from the cold solution in tiny, brownish-olive 


needles having a bronze reflex. On heating, the salt darkened at 


200° and decomposed to a black mass at 203°. It was somewhat 


sparingly soluble in water and alcohol, giving intense purple solutions } 


the colour of which was discharged on addition of excess of mineral 
acid. The dye showed two well-defined bands with heads at 574 wy, 
and 325 ypu (Found: C, 595; H, 46; N, 65. C,,H,.O,N,Cll 
requires C, 59-7; H, 4:8; N, 63%). The perchlorate formed a 
heliotrope powder soluble in alcohol and benzene to purple solutions. 
The picrate, precipitated from an alcoholic solution of the iodide by 
means of sodium picrate, separated in wine-coloured needles with a 
metallic reflex, containing two molecules of picric acid; it is prac- 


tically insoluble in water and sparingly soluble in alcohol (Found x 


N, 11-4. C;.H,,0,)N, Cl requires N, 11-5%). 
5-Bromomethylanthranilic Acid.—Methylanthranilic acid (22-5 g.) 
was dissolved in chloroform, and bromine (24 g.) slowly run in. 


The solid obtained, after being washed with cold chloroform, }; 
crystallised from dilute alcohol in cream-coloured needles, m. p. 
185—186° (yield, 73%). Mixed with 5-bromomethylanthranilic acid 
prepared by Wheeler and Oates’s method (J. Amer. Chem. Soc., 
1910, 32, 770), it showed no depression of m. p. (Found: N, 6-4. 
C,H,O,NBr requires N, 6-1%). 

5-Bromomethylacetylanthranilic Acid.—Great difficulty was ex- 
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perienced in acetylating 5-bromomethylanthranilic acid. By the 
“Huse of acetic anhydride alone, a high-melting compound (above 
elted 300°) was obtained which was not further examined. The method 
‘Ifnally adopted consisted in refluxing the acid (12 g.) with a mixture 
of acetic anhydride (70 c.c.), glacial acetic acid (5 c.c.), water 
my (10 c.c.), and a trace of d-camphorsulphonic acid. The solution 
yas poured into water, and the solid recrystallised from dilute 
dcohol. 5-Bromomethylacetylanthranilic acid forms colourless 
prisms, m. p. 204° (yield, 70%) (Found: C, 444; H, 3-6. 
(y9H,90,NBr requires C, 44:1; H, 3-7%). 

6- Bromo -3-p - bromo -o- carbethoxyphenylmethylcarbamyl -1 : 2-di- 
nethyl-4-quinolone.—The above acid (5 g.) was suspended in acetyl 
chloride (50 ¢.c.) and treated with phosphorus pentachloride (2 g.; 
}mol.). No reaction occurred in the cold, but on heating on the 
water-bath under reflux the original solid material dissolved to a 
“frellow solution, from which a yellow solid gradually separated. 
" ihis was worked up in a precisely similar manner to that detailed 
in the case of the parent quinolone. The ester, crystallised from 
cohol and then from acetone, was obtained as a hydrate, m. p. 
“423°. The anhydrous compound, which forms colourless crystals, 
1, p. 212°, was obtained by dissolving the hydrated product in 
ling benzene and allowing the solution to crystallise after the 
ition of light petroleum (Found: C, 49-2; H, 3-9; N, 5-6. 
»Ho90,N,Br, requires C, 49-3; H, 3-7; N, 5:2%). 
4-Chloro - 6 - bromo -3 - p- bromo - 0 - carbethoxyphenylmethylcarbamyl - 
‘nethylquinoline methochloride was prepared by heating 5-bromo- 
ethylacetylanthranilic acid with phosphorus pentachloride (14 
ols.) in acetyl chloride solution as described under the preparation 
{ (IX). The residual gum was decomposed with alcohol, and the 
thochloride precipitated from the resultant deep red solution by 
dition of ether. The product crystallised from alcohol-ether in 
’ folourless needles, m. p. 194°. It exhibited the same properties as 
e parent compound and readily passed into the isocyanine dye 
fp treatment with alkali (Found: C, 43:3; H, 40; N, 5-0. 
H,,0,N,Cl,Br,,H,O requires C, 43-3; H, 3-6; N, 46%). 


We desire to express our thanks to the Advisory Council of the 
partment of Scientific and Industrial Research and to the 
irectors of the United Alkali Company for grants which have 
abled this work to be carried out. 
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Analy 
CXXIV.—The Unsaponifiable Matter from the Oils of fwith « 


Elasmobranch Fish. PartIV. The Establishment jo" 
of the Structure of Selachyl and Batyl Alcohols as{'""* 


20, 6 
appar 
precip 


THE fact that selachyl and batyl alcohols, either together or asso. a 


ciated with squalene, are common constituents of the unsaponifiable liad 
matter of many shark- and ray-liver oils was first demonstrated by lols 
Tsujimoto and Toyama (Chem. Umschau, 1922, 29, 27, 35, 43), who ff 
showed that batyl alcohol is the saturated dihydro-derivative of on 
selachy] alcohol, is dihydric, and has a molecular formula corre. netad 
sponding to either C,)H,,0, or C,,;H,4,0s. ad h 

In a further important contribution to the subject, Toyama we 
(Chem. Umschau, 1924, 31, 61, 153) concluded that the latter formula Alien 
was in better agreement with the analytical results of a carefully " 
purified specimen of the alcohol (m. p. 70-4—71°) regenerated from *a 
its diacetyl derivative. The discovery of another saturated alcohol wed 
of formula C,gH4 903, to which the name chimyl alcohol (m. p.§ 
60-5—61-5°) was given, was also reported, and attention was es 
directed to an interesting and possibly important relationship ial 
between the alcohols present in sperm oil (Tsujimoto, Chem. 
Umschau, 1925, 32, 127) and those under discussion. For instance, 
a compound of the composition of batyl alcohol would result from 
octadecy] alcohol in the following manner : 


CygH3,0 + CsH,O, — H,0 = C,,H,4,0;. ne 
eriva, 


In a similar way, selachyl alcohol would be related to oleyl ‘ote 
alcohol, and chimy] alcohol to cetyl alcohol. We 

It is curious that, in spite of the above far-sighted implication, the types 
structures of these alcohols, to which so much attention has recently the - 
been directed in connexion with work on vitamin-A (Drummond, 
Channon, and Coward, Biochem. J., 1925, 149, 1047), have not up t ine 
the present been worked out. The only definite observations espec' 
hitherto made regarding their constitutions deal with selachy! The 
alcohol, the acetate of which Toyama (loc. cit.) found yielded nonoie 
acid on oxidation with potassium permanganate, and its dry distill- 
ation led to the isolation of a fraction identical with oley] alcohol. 
These results permit of the formula of selachy] acetate being expressed 
as CH,°[CH,],-CH:CH’C,,H,,0(0°-CO-CH,),. The present com- 
munication deals with the structure of baty] alcohol which we isolated 
from the liver oil of Centrophorus granulosus (compare Chapmal, 
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Analyst, 1927, 52, 622), in which it occurs in small quantity associated 
ls of Frith selachyl alcohol and squalene. Our first inquiry was directed 
meni qowards elucidation of the nature of the groups associated with the 
) third oxygen atom. According to Weidemann (Biochem. J., 1926, 
20, 685), this is present as a methoxy-group, a result deduced 
apparently from a Zeisel determination and calculation of the 
precipitated silver iodide as methoxyl. It seemed to us, however, 
from @ priori reasoning extremely unlikely that such a grouping 
yould exist in a substance obviously related to the natural fats, and, 
as detailed in the experimental part, repetition of this work speedily 
envinced us that, although the molecule certainly contained an 
ether oxygen atom, it was not present as methoxyl. On the other 
hand, we have been able definitely to establish the formation of 
octadecyl iodide by the action of hydriodic acid on batyl alcohol, 
aid have verified this by conversion of the iodide into octadecyl 
alohol, which was identified both by a mixed melting-point 
determination with an authentic specimen, and also through the 
preparation of its characteristic phenylurethane. Unfortunately, 
owing to the small amount of material at our disposal, we have been 
mable to detect the presence of isopropyl iodide, but there can be 
absolutely no doubt that batyl alcohol is in effect a monoglyceryl 
ether of octadecyl alcohol to which one or other of the following 
formule may be ascribed : 


(L) C,sH3,*O-CH,-CH(OH)-CH,‘OH C,,H;,"0-CH(CH,OH), (I1.) 


From the ease of formation of the diacetyl derivative and the pheny]- 
wethane, which we have now prepared and which, owing to its 
definite crystalline character and sharp melting point, is arf excellent 
derivative for the identification of the alcohol, we rather favour 
formula (II). 

We are at present engaged in attempted syntheses of both 
types of compound, and also other derivatives. It follows from 


- the above that formule can also be ascribed to both selachyl 
ey alcohol and chimyl alcohol, and that the connexion referred to 


Bbove on which Toyama (loc. cit.) focussed attention is real in all 


tions 
bl respects. ; 
. “. The occurrence of these glyceryl! ethers in nature, forming as they 
a Ko a link between the fats and waxes, is a matter of much biological 
‘hol lnterest. The following expression clearly indicates the three types 
god their inter-relation : 
essed 
com: Fat (R-CO-0-),C,H- 
lated Wax R-CO-OR’ 


mar, Ethers R’0O-C,H,;(OH),. 
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EXPERIMENTAL. 


The residual liver oil (2500 g.) obtained from Centrophorus 
granulosus, after removal of the bulk of the squalene by distillation §s 
at 3 mm. (compare Heilbron, Kamm, and Owens, J., 1926, 1638), 
was saponified by refluxing with boiling alcoholic sodium hydroxide 
(90 g. in 2500 c.c. of industrial alcohol) for 5 hours. The alcohol was! 
removed as far as possible by evaporation in a vacuum and theffS 


semi-solid residue was mixed with silver sand and thoroughly driedg : 


by stirring at 70°, after which it was thinned out with glass beads andj!2“ 
extracted with hot acetone in a large Soxhlet extractor until the 
runnings were colourless. After removal of the acetone, the solid 
material was extracted with ether, the solution repeatedly washed 
with water to remove soap and dried over sodium sulphate, and the 
ether distilled. A solution of the residue in pentane, when vigorously 
stirred at —10°, deposited a very fine crystalline solid, which was 
collected on kieselguhr. After all oily matter had been washed away 
with ice-cold pentane, the material was dissolved out of the kiesel-- 
guhr with dry ether. The crude solid obtained after removal of the 
ether gave, after one crystallisation from alcohol, lustrous plates, 
m. p. 60—63° (40 g.). This method of working up the baty] alcoho 
is preferred to the one described by Tsujimoto and Toyama (Chem, 
Umschau, 1922, 29, 28), whereby the alcohol is obtained by freezingyi’ 
an acetone solution of the unsaponifiable matter. The solid 

material prepared as above failed to show the presence 0 
cholesterol when tested with digitonin. ' 

The pure alcohol was obtained, after repeated fractional crystallis. 
ation frorh alcohol, in colourless lamine, m. p. 69—70° (27 g| 
(Found: C, 72-8, 72:8, 72-9; H, 12-8, 12-6, 12-9. Calc. fore 
C,,H,,0, : C, 73:2; H, 12-9%). 

The phenylurethane was prepared by heating the alcohol (1 g| 
to boiling with an excess of phenylearbimide (3 c.c.) and then reflus- 
ing the mixture with dry benzene (15 c.c.) for 3 hours. After the 
solvent and the excess of phenylearbimide had been removed at 
15 mm., the residue was extracted with cold dry ether, the solutio 
filtered, and the ether evaporated. The urethane was fing 
crystallised three times from benzene and finally from either alcohol 
or aqueous acetone, from which it separated in tufts of long 
irregular needles, m. p. 98° (Found: C, 71-9; H, 9-3; N, 52 
C,;H;,0;N. requires C, 72-2; H, 9:3; N, 48%). 


Batyl p-nitrobenzoate. The alcohol (3-4 g.), dissolved in coll ; 36: 


pyridine (25 ¢.c.), was slowly treated with p-nitrobenzoy] chlorit’ 
(3-6 g.). Some heat was evolved and the whole set to a dark red 
crystalline mass, which was warmed for 1 hour at 50°. Afte 
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|2 hours, the reaction mixture was poured into ice-cold dilute 
hydrochloric acid, and the precipitated solid dissolved in ether. 
Ihe ethereal solution was washed with dilute sodium carbonate 
olution and with water and dried over sodium sulphate, and the 
ether allowed to evaporate. By repeated extraction of the resinous 
product with dry methyl alcohol, the p-nitrobenzoate was obtained 
in pale yellow, fern-like clusters, m. p. 53—54°, which darkened 
Asomewhat on exposure to sunlight [Found: C, 63-2, 63-2; H, 7-9, 
$1; N, 4:3. C,,H,.0(0-CO-C,H,-NO,),,.2CH,-OH requires C, 
29; H, 8-2; N, 40%]. 
Examination of Batyl Alcohol for the Presence of Alkyloaxy-radicals. 
-A qualitative experiment by the Pregl—Zeisel method gave a 
pecipitate of silver iodide, showing the presence of an ether oxygen 
som in the molecule (Weidemann, loc. cit.). That the ether, 
however, was not easily ruptured was evidenced by the fact that the 
keomposition was not complete in the ordinary time (20 minutes) 
Mud that variable values, calculated as —OMe, were obtained : 
|.) minutes, 6-22, 8-8; 25 minutes, 7-4; 30 minutes, 8-2%. 

Test for methoxyl. The testing solution consisted of aqueous 

@imethylamine (24 drops of 33%) in 2 c.c. of absolute alcohol 
compare Willstatter and Utzenger, Annalen, 1911, 382, 148). 
@batyl alcohol (15 mg.) was treated with hydriodic acid (3-2 c.c., 
inl’ 1:7) for 30 minutes, but no precipitate appeared in the absorbing 
liquid. On removal of the alcohol under reduced pressure, a 
mall amount of an oil having a garlic-like odour (possibly allyl 
inide) was obtained. As vanillin (8 mg.) on similar treatment gave 
isan two consecutive experiments a copious crystalline precipitate of 
\Bictramethylammonium iodide, it can be inferred that no methoxy] 
goup is present in batyl alcohol, and this probably also applies to 
ethoxyl and propoxyl. 

Formation of Octadecyl Iodide.—Baty] alcohol (10 g.) was refluxed 
«vith hydriodic acid (30 c.c.,d 1-7) for l hour. The reaction mixture 
avas taken up in ether, and the solution washed successively with 

lilute aqueous sodium bisulphite, sodium carbonate solution, and 
water. After drying, the ether was removed and the residual 
ale yellow oil poured into alcohol, from which needles immediately 
eparated. These were thrice recrystallised from alcohol—acetone, 
om which the octadecyl] iodide separated in lustrous needles, m. p. 
93. Gascard gives 33:5° (Ann. Chim., 1921, 15, 340) [Found : 
micro) C, 56-8; H, 9-8; I, 32-3, 34:2; M,415. Cale. for C,,H,,I : 

ig’, 56-8; H, 9-7; I, 33-59%; I, 380]. 
Preparation of Octadecane.—The iodide (2 g.) was dissolved in a 
mixture of acetic acid (20 c.c.), previously saturated with hydrogen 
Aftegruloride, and ether (10c.c.). Zine dust (5 g.) was then added during 


946 THE UNSAPONIFIABLE MATTER FROM THE OILS, ETC. PARTI. 


$hour. The reaction, which was at first rapid but gradually abated, 
was completed by warming on the water-bath and allowing the ether 
to evaporate. The mixture was boiled for a further 4 hour, the 
solvent was then removed by distillation under diminished pressure, 
and the residue was poured into water and extracted with ether, 
The ethereal solution was washed with dilute aqueous sodium 
carbonate and with water, dried, and evaporated. The residual 
low-melting solid still contained a small amount of halogen, which 
was removed by repeating the above process. The crude hydro. 
carbon was repeatedly crystallised from ether-methy] alcohol, from 
which it separated in long, colourless needles, m. p. 28—29° 
(Gascard, loc. cit., gives 27—28°), very readily soluble in ether, 
hexane, and acetone [Found : (micro) C, 84-7; H, 15-0; M, 274, 264. 
Calc. for C,,H,,: C, 85-0; H, 15-0%; M, 254]. The reduction of 
the iodide to octadecane can also be carried out by Stephen’s methoi 
(J., 1914, 105, 1050) with zinc in an alcohol—acetic acid solution. 

Octadecyl Methyl Ether —The iodide (2 g.) was refluxed for 2 hours 
with an excess of alcoholic sodium methoxide (2 g. of sodium in 
20 c.c. of methyl alcohol) and the reaction mixture was diluted with 
water and extracted with ether. The extract was thoroughly 
washed with water and dried over anhydrous sodium sulphate. 
Octadecyl methyl ether crystallised from ether—-methyl alcohol iff y 
very fine lamine, m. p. 30—31° [Found : (micro) C, 80-3; H, 134 
C,5H4)0 requires C, 80-3; H, 14-1%]. 

Octadecyl Alcohol.—The iodide (4 g.) together with silver acetate 
(4 g.) was refluxed with absolute alcohol (100 c.c.) for 6 hours. The 
supernatant liquid was decanted, the residue well washed with 
acetone, and the combined liquids were worked up as described in the 
preparation of octadecane. The acetate, obtained as a colourless. 
low-melting solid, was without further purification heated under , 
reflux with methyl-alcoholic potassium hydroxide. The hydrolysei§j ; 
product was diluted with water and extracted with ether and, after 
drying and removal of solvent, the crude octadecyl alcohol wa‘ 
crystallised from acetone and finally from 92% alcohol. It formed 
colourless crystals, m. p. 57—58°, alone or mixed with an authentii 
specimen. The alcohol was also characterised by the preparation 0! 
its phenylurethane, which crystallised from alcohol in feathery 
needles, m. p. 77—78° (André and Francis give 79—80°; Compl. 
rend., 1926, 183, 663) [Found : (micro) C, 76-9; H, 11-2; N, 3%. 
Cale. for C,;H,,0,.N : C, 77-1; H, 11-1; N, 36%]. 

Detection of Selachyl Alcohol._—The presence of this alcohol in the 
liver oil of Centrophorus granulosus has already been detected by 
Chapman (loc. cit.), whose statement regarding the impossibility 0 
separating it entirely from squalene (spinacene) we fully confirm, 
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chapman hydrogenated it to batyl alcohol by means of platinum- 
black, and we have obtained the same result using a nickel catalyst 
at 150°, and working on the residues obtained after removal of as 
nuch solid batyl alcohol as possible. 


In conclusion, we desire to thank the Food Investigation Board for 
agrant which has enabled this research to be carried out. 


Tae Untverstry, LiverPoot. [Received, February 13th, 1928.] 


CXXV.—The System Sodium-Tin. 
By Wru1am Houme-Roruery. 


Ixy connexion with the problem of intermetallic compounds, the 
alloys of the alkali and alkaline-earth metals are of particular 
interest, since in these one metal at least is of well-defined chemical 
uture. The present author (J. Inst. Metals, 1926, 35, 295) has 
aready investigated the alloys of tin with calcium and magnesium, 
ind the work is now extended to the alloys with sodium. 

According to Mathewson (Z. anorg. Chem., 1905, 46, 94), the 
@ system sodium-tin is very complex, and contains the compounds 
Na,Sn, Na,Sn, Na,Sn,, NaSn, and NaSn,. Of these, the last three 


“i were regarded as undergoing polymorphic transformations, but the 


evidence on this point was inconclusive, since only cooling curves 
were studied. No systematic examination by means of annealing 
experiments and microscopical investigation was made. 

The only other detailed work on this system appears to be that 
of Kremann and Gmachl-Pammer (Inter. Z. Metal., 1920, 12, 257), 
‘who investigated the electromotive behaviour of these alloys in 
solutions of sodium iodide in pyridine, and of the tin-rich alloys 
in aqueous solutions. They confirmed the existence of the com- 
pounds Na,Sn, Na,Sn, NaSn, and NaSn,, but not of Na,Sn,. 


EXPERIMENTAL. 


Materials —The sodium used in the present work was pure 
electrolytic metal. No other metals could be detected by the 
ordinary methods of analysis, and, apart from superficial oxidation 
Hand occasional inclusions of hydroxide, the material appeared 


“i satisfactorily pure. It froze at a constant temperature. The tin 


was the ‘‘ Chempur ” tin of Messrs. Capper Pass and Co., and was 
accepted as being of sufficient purity. 

Procedure.—The reactivity of these alloys necessitated the use of 
closed vessels for all the cooling-curve experiments, which were 
carried out in an atmosphere of nitrogen. The alloys were melted 
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in hard glass tubes of 1—1-3’ diameter, and for the sodium-rich jj 
alloys Pyrex glass was the most suitable; no appreciable error jg 
likely to have resulted from action between the alloy and the glass, 
since the two could always be separated cleanly, and, except for a 
very thin dark film on the inside, the tubes appeared unaffected, 
These tubes were then placed inside a large, hard-glass tube about 
12—14” long and 1-5’ in diameter, fitted with a rubber bung 
through which passed glass tubes carrying the stirrer, the thermo. 
couple, and a tube for the passage of a slow current of nitrogen. 
The general arrangement was similar to that used by the author 
for the calcium alloys (loc. cit.) but on a rather smaller scale. The 
thermocouples were of alumel-chromel (No. 26 S.W.G.) and were 
standardised against the melting points of pure aluminium, zinc,ff; 
lead, and tin. The thermocouple sheath was made by drawing 
out a hard-glass tube into a thin capillary just wide enough to con. 
tain the wires; for some of the tin-rich alloys, a thin silica sheathii 
coated with alundum cement was used. The thermoelectric forcefl 
was measured on a Carpenter-Stansfield potentiometer. 

For the cooling-curve experiments two types of furnace were 
used—a well-lagged electric crucible furnace, and a large gas-fired 
furnace with a damper in the flue to stop the draught during 
cooling. These gave rates of cooling of about 5° and 10° per minute 
at 400°, and for convenience these will be referred to as “‘ slow ”’ and 
“normal” cooling respectively. Heating and cooling curves at 
slower rates were also taken in special cases. 

The weights of alloys used in the cooling-curve experiments varieiffi 
from about 120 g. at the tin end of the diagram to 35 or 40 g. for the 
sodium-rich alloys. In all cases, thorough stirring was necessary 
during melting, since there was a great tendency for the sodium to 
float on the top. 

As will be shown later, it was necessary to prepare chill castings 0 
many alloys in order to obtain samples with a very fine structureffi 
suitable for annealing experiments. Alloys containing not morffi 
than 8°, of sodium were melted in an atmosphere of nitrogen, an(ili 
were then cast in heavy copper moulds bored with holes }”’ and $’ 
diameter respectively, so as to give ingots of these diameters ant 
about 4” long. The large mass and high thermal conductivity 
of the copper gave a very rapid cooling, and it was largely owingy 
to the very fine structure obtained in this way that the annealing 
experiments were successful. For the sodium-rich alloys the whole 
of the casting operation had to be carried out in a closed vessel, ang 
for this purpose an apparatus was devised consisting of a hard-glass 
tube about 15’’ long and 1-4” in diameter, closed at one end an(fpositio 
fitted with a wide side-tube about 6” from the bottom. In thisffthe to) 
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iide-tube was placed a copper mould made from a 1” circular bar 
of pure copper so as to give a square ingot 3” x }” x }’. The 
iloy was melted in a narrower tube provided with a spout, and of 
alength such that the spout was situated re 
‘ . ¢. 1. 
immediately over the opening of the Aamdadees tie tdinien 
mould, so that, when the alloy was molten, sodium free from owide for 
a casting could be made by carefully tip- accurate weighing. 
.fping the whole apparatus to one side. In 
this way it was possible to prepare chill 
astings of sodium-rich alloys from a 
temperature of about 500°. It is hoped 
to publish elsewhere further details of this 
inc, Mapparatus. 

For microscopical examination the 

-Miloys were mounted in fusible metal, and 
inall except the tin-rich alloys, the grind- 
ig, polishing, and photography had to be 
carried out under oil. 

The arrangements for the annealing and 
wwenching experiments were the same as 
those used by the author and 8S. W. Rowell 
J. Inst. Metals, 1927, 38, 137). 

Analytical Methods.—The difference 
between the atomic weights of sodium and 
tin, and the steepness of many of the lines 
in the equilibrium diagram made the 
acurate analysis of the alloys a matter 
of great importance, a difference of 0-1% 
of sodium sometimes corresponding to as 
much as 10° in the freezing-point curve. 
The extreme reactivity of the alloys made 
it essential to determine both constituents, 
inorder to avoid any errors introduced by 
‘ight oxidation during weighing, and this 
has been done in the case of all alloys 
containing more than 0-5% of sodium, 4 _ filter tube. 


itygthe tin being weighed as dioxide, and the a pias —— p= 
. tube subsequently used for 
‘odium as sulphate. the cooling-curve experi- 


For the tin-rich alloys, a complete ment. 

vertical strip of the cooling curve ingot _ ©: Tap to vacuum pump 

4 . ; and nitrogen supply. 

was cut for the analysis, to avoid the 

llects of any slight segregation. The alloys of intermediate com- 
d andfposition were too brittle for this treatment, and large lumps from 
n thisfthe top, bottom, and middle of the ingot were therefore taken and 

112 
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ground to powder under benzene. A suitable amount of the powder 
was then added to water, and the small amount of benzene boiled 
off. This was satisfactory for alloys containing up to 35% of sodium, 
but beyond this point increasing amounts of the compound Na,$n 
are present, and as this reacts explosively with water, it was neces. 
sary to allow the powder to oxidise in a porcelain dish before adding 
water. 

In alloys containing more than 44% of sodium, some of this ele. 
ment is in the free state, and the mass cannot be ground to powder; 
these alloys are, in fact, so dangerous to handle that it was thought 
better to adopt special methods to avoid oxidation during the melting 


TaBLeE I. 
Cooling curve experiments for the determination of the liquidus, 
Tin-rich Alloys. 


Sodium. 


Arrests on cooling curve. 
No. of %by Atomic ~-- 
alloy. weight. %. Primary. Later arrests. 
0 0 232° 
0-073 0°38 231 218° 
0-20 1-02 230 221 
0:37 1°88 225 220 
0-62 ~ 3-12 223 220 
0-82 4-09 221 
0-99 4-91 224 220 
5-81 232 225° 221 
6-09 238 225 221 
7°79 248 226 220 
8-28 253 227° 225 221 
8-63 254 227 225 221 
10-19 266 228 226 221 
9-97 267 226 225 221 
10:79 268 228 225 221 
11-01 269 228 225 221 
12-82 278 227 224 219 
13-89 289 228 226 221 
14-25 289 286° 229 225 221 
15-91 293 283 231 225 220 
16-85 297 290 229 225 221 
19-45 308 2896. 228%... 226%. 
19-97 312 309 ~—*284 “+2299 ™ 226 
21-54 821 303 292 229 226 
22-03 331 304 288 231 226 
28-59 381 303 292 231 220 
34-68 433 302 278 220 
35°83 450 3035, 279< 
39-05 489 455 ~*303 ~~ 274 
41-03 523 466 302 289 
43-26 473 303 281 
46-21 564 482 304 272 
48-52 486 305 
Purest possible NaSn, mean 
of two determinations 483 


a 
— 
oo 
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TABLE II. 


Alloys of Intermediate Composition. 


Arrests on cooling curve. 


Primary. Second. Third. 
466° 433° 
449 435 
438 432 
443 441 
448 441 
450 430 335° 
457 425 ft 336 
458 429 358 
473 435 356 
480 352 

—* 479 & 469 349 

529 479 & 471 348 
559 478 340 
574 481 & 483 355 


In this alloy the primary arrest was too slight to be located accurately. 
+ Marked supercooling and recalescence. 


if the alloy, and to estimate the composition from the weights of 
odium and tin used. When the sodium was cut under petroleum, 
quickly dried in filter paper, and at once corked up in the hard-glass 
tube, the sodium contents of the alloys determined by analysis were 
about 1% less than those calculated from the weighed quantities 
oer the range 30—44%, of sodium. In order to reduce the loss by 
oxidation, the apparatus shown in Fig. 1 was used : the sodium was 
plaed in the upper tube which stands on top of the weighed hard- 
glass tube. The whole was filled with nitrogen, and then on heating 
itwas possible, by gently tapping the tube, to filter the sodium into 
the lower tube, leaving the skin of oxide in the upper. In this way 
the sodium could be weighed without any oxidation, and since, for 
these sodium-rich alloys, larger quantities of sodium are used at 
ower temperatures, it is unlikely that the true composition of the 
alloy differed by more than a few tenths of a unit % from that 
lculated from the weighed amounts. 


Results. 


The experimental results can conveniently be divided into three 

ections. In order to save space the system of Heycock and Neville 
‘adopted : an alloy described as, e.g., “‘ alloy 24-5” means one 
‘ntaining 24-5 atoms % of sodium. The results of the cooling- 
‘lurve experiments are given in Tables I—III, and are plotted in 
ig.2; Fig. 3 shows the tin-rich end of the diagram on an enlarged 
ale, 
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Fig. 3. 
The Equilibrium Diagram of the System Sodium-Tin: Tin-rich Alloys. y 
\ 
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TABLE ITI. 
Sodium-rich Alloys. 
Sodium. 
————— Arrests on cooling curve. Exan 
No. of % by Atomic — . tlloy 1¢ 
alloy. weight. Tee Primary. Second. Third. showing 
Z1 100 100 97° Curve E 
Z2 90-03 97-90 290 97° same Co 
Z3 79-36 95-20 333 96 ngorous 
Z4 63-69 90-06 367 97 Ss preve: 
Z5 52°39 85-04 391 97 presence 
Z6 48-69 83-05 398 97 
Z7 45-59 81-12 406 96 NaSn, 
Z8 - 
Purest Mean of ver th 
possible two de- 80-0 407-408 orm Ww 
Na,Sn. termin- eutectic 
ations. 
Y1 40-86 78-10 419 407 370° The 
Y2 39-14 76-85 430 406 368 transf 
Y3 36°55 74-84 449 408 364 “as 
Y4 33-49 72-2 469 404 377 PStinct 
Y5 31-27 70-13 476 403 t norn 
Y6 28-64 67°43 478 “voli 
Y7 oling 
Purest possible Na,Sn 66-67 478 he arre 
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I. Tin-rich Alloys. 


When sodium is added to tin, the liquidus falls to a eutectic point 
at 220—221°, the eutectic composition being 4 atoms % of sodium 
(Mathewson gives 220° for this arrest). From this point the liquidus 
rises steeply with various breaks (see later) to a well-defined maximum 
at 50 atoms % corresponding to NaSn. According to Mathewson 
this compound is in equilibrium with liquid from its melting point 
down to 305°, at which temperature the compound NaSn, is formed 
by a peritectic reaction between NaSn and liquid. The compound 


Fia. 4. 


penchant, 


La 
2 
o 
2 
ad 
s 
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Examples of cooling curves for tin-rich alloys. Curve A shows that for 
illoy 10°19. This is typical of unstirred alloys at normal rates of cooling, 
showing the supercooling of the 228° arrest and also of the eutectic at 221°. 
(Curve B shows the lower part of the cooling curve of an alloy of almost the 
sume composition, the curve being taken at a slower rate of cooling, and with 
vigorous stirring of the alloy. In this case the supercooling of the 228° arrest 
8s prevented, and that of the eutectic is greatly reduced. In both curves the 
pesence of two arrests besides that of the eutectic is made clear. 


NaSn, was described as undergoing a “ transformation ” extending 
ver the range 220—225°, and its low-temperature polymorphic 
form was regarded as forming one of the constituents of the 220° 
tutectic, the other constituent being pure tin. 

The present author’s cooling curves at once showed that this 
‘transformation ” of Mathewson was in reality composed of two 
listinct arrests, one at 225—226°, and the other at 228—229°. 
At normal rates of cooling the 229° arrest usually showed under- 
‘voling followed by recalescence, but even so the double nature of 
he arrest was apparent, whilst by using very slow cooling with 


954 HUME-ROTHERY : THE SYSTEM SODIUM-—TIN. 


vigorous vibration of the tube containing the alloy, the two arrests 
could be obtained quite distinct, and with no appreciable under. 
cooling. Examples of these curves are shown in Fig. 4. Ter 

From 228°, the liquidus rises steeply to 289°, where a break occurs, J of : 
In agreement with this, it was found that the cooling curves showed § "*! 
an arrest at this temperature in addition to their primary arrests, 
This arrest, which escaped Mathewson’s notice, was always slight, 
and was apt to be masked by the much more pronounced arrest at§ 2! 
307°. The arrest found by Mathewson at 305° was confirmed, and, 
as will be shown later, his interpretation of it as due to the formation 
of the compound NaSn, is correct. The true temperature of this 9), 
arrest, as given by very slow rates of cooling or by vigorously 
stirred alloys at normal rates of cooling, was 307°, but at normal rates 
of cooling the arrest is apt to show under-cooling, and may occw 
at any temperature between 300° and 307°. a1¢ 

None of the arrests at 307°, 289°, 229°, or 226° corresponded tof 200 
an alloy freezing at constant temperature, but all were due to peri. 
tectic reactions, and these never reached true equilibrium in the 90 
cooling-curve experiments owing to a sheath of the secondary solid 
being formed round the primary solid and so preventing the latte 210 
from further action with the liquid. Consequently, alloys which 
began to freeze above 307° showed the whole series of these arrests 910 
in the cooling curves, and only became completely solid below the 
eutectic temperature at 220°. This was confirmed by the micro. ine 
scopic examination of the cooling-curve ingots, which showed the 439 
solid adjoining the eutectic to consist of a whole series of layer 
which became more and more reactive as the centre was approache(, 
indicating a series of compounds in which the sodium content 
increased towards the interior. 

As these transformations never attained true equilibrium, the 
only chance of finding the compositions of the various phases was 
to prepare and anneal chil] castings. Two series of experiments 
were carried out in which the alloys were annealed for 17 days at 
200°, and for 4 weeks at 210°, respectively. The results are shown %30 
in Table IV and may be summarised as follows. No solid solution 
in tin could be detected. Even the alloy 0-52 showed two con- 
stituents quite clearly after annealing. With increasing sodium 
content the tin was gradually replaced by a constituent which i 
denoted by «. This was only slowly oxidised in air, and tarnished 
to a characteristic brownish colour with a curious shining appear: 
ance. Alloy 14:05 consisted almost entirely of this constituen 
with traces of free tin, showing that the phase must contain slighth td 
more sodium than 14-05 atoms %. Alloys 14-21 and 14-41 showedg om: 
almost entirely «, with traces of a more reactive constituent in som 8 ret 


parts, 
howed 
hich | 
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rrests TaBie IV. 
nder- Details of annealing experiments. 

Temp. Time Compositions of 
ccurs, § of an- of an- alloys annealed. 
10wed nealing. nealing. (Na, atoms %). Notes. 

200° 17 days 0-52, 1-23, 3-02, 10:23, Free tin with increasing 
rrests, 11-13, 12-99 amounts of NaSn,. All 
slight, chill cast. 

‘est atm 210 oe ss 12-99, 13-81, 14:05, See pp. 954 and 957. All 
ye 14-21, 14-41, 15-26 chill cast. 

ea Eo 17!) 5 16-70, 18°61 NaSn, and “spotted tarn- 
nation ish ’’ constituent. 

of this o10 28 ,, 16-70, 18-61 NaSn, and “spotted tarn- 
rously ish *’ constituent. All chill 
1 rates Broo 

210 a8 LY 19-97, 20-47, 21-03 See pp. 956 and 957. All 
occur chill cast. 

210 28. 4» :, 21:03 NaSn, (“‘ spotted tarnish ”’ 
ded to 200 WW ws 22-03 constituent) and WNaSn,. 
> Chill cast. 
> PEA 200 17,4, 24-97 
in the 210 28 ,, 24-97, 25-34, 25°37, See p. 957. Chill cast. 

y solid 25-89 
) Z 2 ~ +28, 30°74, 31: NasSn wit increasin 
latter 210 28 26°28, 30°74, 31-38 NaSn, ith i ing 
2 amounts of NaSn,. Chill 
which cast. 
aTTests 910 28 ,, 33°77, 33°96, 37-49, NaSn, with increasing 
ow the 38-67 amounts of NaSn. Chill 
micro- —_— : 
| 210 i — 48-52 These experiments were 
ed thei 330 14 ,, 52:43, 5631, 57-66, made to see if there were 
layers 65-88, 67-43, 78-10 any signs of solid solutions 
hed in the compounds of inter- 
ached, mediate composition, and 
ontent to see the effect of anneal- 
ing Na,Sn, below the trans- 
formation temperature. 
m, the As no indication of solid 
es Was solubility was obtained, 
: chill castings were not pre- 
iments pared on account of the 
lays at dangerous manipulation. 
showng 330 14 ,, 74-42, 76-26, 77-90 See p. 961. 


olution 


o congtts, and a very little free tin in some areas, whilst alloy 15-26 
sodiumgowed « and a more reactive constituent, with a few areas in 


hich i@ftich traces of free tin could be seen. From this it is concluded 
-nisheig8t the constituent « is the compound NaSn, (14-3 atoms % of 


“p 


podium), and that no appreciable solid solution exists, since no range 
tituen#’ homogeneous alloys was observed. This last conclusion is 


Jightlyg"PPorted by the fact that, even after 4 weeks’ annealing, the alloys 
showed’ Composition very near NaSn, showed traces of both more and 


nsomys Teactive constituents, indicating that equilibrium had not 
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been completely reached, such slowness of reaction being charac. 
teristic of cases where no solid solution exists. Since the alloys 
annealed for 2 and for 4 weeks showed no differences, the annealing; 
were stopped, as the work shows conclusively that the variation 
(if any) must be considerably less than 1 atom %. Fig. 5 showsj 
alloy 14-4 after 4 weeks at 210°, consisting almost entirely of , 
with traces of a darker constituent. 

To confirm this conclusion some of these annealed alloys wer 
quenched from temperatures between 220° and 230°; the results 
are shown in Table V. In all these cases the inevitable handling 
of the alloy caused a thin surface film to oxidise and melt above 
220°, but this was ignored. These experiments showed that fron 
220° to 224° the phase in equilibrium with the liquid was the con. 
stituent «, but that at 227° a new darker-etching phase was in 
equilibrium with the liquid. This is well shown in Fig. 6, which 
represents alloy 13-81 quenched from 227° : dark compact crystal 
of the new constituent, which we may call 8, are surrounded bya 
thin film of light-etching « formed during the quenching, these being 
embedded in eutectic, the structure of which is not resolved at this 
magnification. From the quenching experiments we may therefor 
conclude that the «, or NaSng, is formed by a peritectic reaction 
between 224° and 227°, and this clearly corresponds to the 226 
arrest found on the cooling curves. 

From alloy 14-41, with increasing quantities of sodium the alloys 
consisted of NaSn, with increasing amounts of the darker-etchin 
constituent 8, which etched in air or under oil with a curious “ spotted 
tarnish ” effect. Alloy 19-97 consisted almost entirely of this con- 
stituent, whilst alloy 20-47 showed chiefly this constituent with 
some of a more reactive phase, which we may call y, in the grain 
boundaries. It was difficult to decide whether this “ spotted 
tarnish ”’ constituent (see Fig. 7) was really composed of one phase 
or two, but it is considered to be a single phase on the followin 
grounds: (1) The fineness of the tarnish pattern appeared to vary 
with the conditions of formation (e.g., tarnishing under oil or in ait). 
(2) In alloy 21-03 a more reactive phase was undoubtedly present 
in the grain boundaries; if the “‘ spotted tarnish ” constituent wert 
in reality due to two phases, this would indicate that the alloy had 
three phases, and had not yet reached equilibrium, and if this wer 
so, we should not expect to find the most reactive constituent in the 
grain boundaries, but rather as unchanged cores in the middle of the 
grains. (3) The dark-etching crystals shown in Fig. 6 were them- 
selves etched with a distinctly spotted appearance, although here 
there can be no doubt that they represent the phase in equilibrium 
with the liquid. (4) Finally, if the effect indicated two phases, i 


+ 5.—Alloy 14°4 annealed for 4 weeks : Fic. 6.—Alloy 13°81, annealed for 4 weeks at 
at 210°. 210°, then heated to 227°, and quenched in oil. 
Magnification, 300. Magnification, 150. 


—Alloy 20°47 after annealing for Fic. 8.—Alloy : after annealing for 
210°, showing the * spotted tarnish ” 4 weeks at 210°, iw chiefly y (NaSn,) 
constituent with small amounts of a more with traces of a more reactive constituent. 
reactive phase. Magnification, 150. 
Magnification, 150. 


Fic. 9.—Alloy 76°26, chill cast, showing Fic. 10.—Alloy 76°26 after annealing for 
\a.Sn (white) and Na,Sn (black). 2 weeks at 330°, showing chiefly Na,Sn, with 
Magnification, 150. holes, and fine dark lines which are probably 
Na,Sn. 
Magnification, 150. 


[To face page 956.) 
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would be a remarkable coincidence that it should reach a maximum 
at exactly 20 atoms % of sodium. 


TABLE V. 
Results of quenching experiments on tin-rich alloys. 


(All these experiments refer to chill-cast alloys which had received a preliminary 
annealing of either 17 days at 200° or 28 days at 210°.) 


Comp. of 
of alloy 
(atomic % Quenching Whether melted 
Na). temp. or not. Notes. 
12-99 222° Very slightly melted. NaSn, in equilibrium with 
liquid. 
14-41 222 Solid. 
14-41 226 99 
13-81 224 Very slightly melted. NaSn, in equilibrium with 
liquid. 
13-81 227 Melted. Dark crystals in equili- 
brium with liquid. 
14-41] 230 r 9 ” 
19-97 230 ‘e 99 - 
21-03 230 Slightly melted. 
19-97 227 Solid. 
16-70 227 Melted. + - 
24-97 230 Solid. 
25-89 230 a 


Norrt.—In the above experiments a thin surface layer of the alloy always 
melted above 220° owing to the inevitable slight oxidation during handling. 
This has been ignored. There was some slight evidence that the dark crystals 
in equilibrium with the liquid at 230° were different in shape from those in 
equilibrium at 227°, but this could not be considered conclusive, although it 
is in agreement with the author’s diagram. 


On these grounds the phase 8 was considered to be NaSn,, and 
this was confirmed by the quenching experiments (Table V), which 
showed alloy 19-97 to be solid at 227°, but to have melted at’ 230°. 
The compound NaSn, thus corresponds to a peritectic reaction 
between these two temperatures, agreeing with the 229° arrest on 
the cooling curves. 

With increasing sodium content, the alloys consisted of NaSn, 
together with the more reactive phase y. After 4 weeks at 210°, 
alloy 24-97 consisted almost entirely of y, with occasional traces of 
both more and less reactive phases in some areas, but with large 
patches entirely homogeneous. Alloy 25-34 consisted chiefly of the 
new phase y with a little of a still more reactive phase in the grain 
boundaries, as shown in Fig. 8. On these grounds the constituent y 
is considered to be the compound NaSng, and in agreement with 
this the quenching experiments showed alloys 24:97 and 25-89 to 
be solid at 230°. No evidence could be found for the existence of 
any solid solution. As shown in Fig. 8, NaSn, etches in air or under 
oil with a very much more finely divided tarnish pattern than NaSn,. 
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On further raising the sodium content, the annealed alloys 
consisted of NaSng with increasing amounts of a more reactive 
constituent which was readily identified as NaSn,, reported by 
Mathewson. This compound takes a very high polish if kept out of 
contact with air. There again appears to be no appreciable region 
of solid solubility. 

There is thus one phase corresponding to each arrest on the cooling 
curves, and this fact gives considerable support to the results 
obtained in this part of the diagram, which is much more complex 
than previously supposed. Mathewson only examined nine alloys 
between 0 and 33-3 atoms °% of sodium, and as he did not prepare 
chill castings for annealing purposes, his work could not have led 
to the identification of the numerous phases concerned. The present 
work also explains why the composition—potential curves of Kremann 
and Gmachl-Pammer did not fit in with the theoretical requirements 
of the old diagram in this region, for their alloys too were not 
annealed. 


II. Alloys of Intermediate Composition. 


The compound NaSn corresponds to a well-defined maximum on 
the liquidus, the freezing point being determined as 578° from two 
closely-agreeing measurements; the value found by Mathewson 
was 575°. This compound, as stated by Mathewson, undergoes a 
transformation, the true temperature of which was determined as 
483°, whereas he gave 480—483°. This transformation usually 
shows marked undercooling, and the true temperature can only be 
determined by reducing the rate of cooling to about 1° per minute. 
Mathewson’s identification of this change as a polymorphic trans- 
formation of the compound NaSn appears to be correct for the 
following reasons. (1) The change is shown by alloys on both 
sides of the maximum on the freezing-point curve, and hence it is 
very improbable that it is due to a reaction between NaSn and liquid 
to form a new phase, since there would have to be two such phases, 
one containing more and one less sodium than the compound 
NaSn, and it would be a very remarkable coincidence if both these 
reactions occurred at the same temperature. (2) The fact that 
Kremann and Gmachl-Pammer (loc. cit.), with slowly cooled speci- 
mens, found a break at 50 atoms % in the potential—-composition 
curves, indicates that one form of this compound exists at low 
temperatures. On these grounds, the line AB is drawn in Fig. 2 as 
showing the transformation from the high-temperature («-) form of 
NaSn to the low-temperature (8-) form. 

With higher sodium content, the liquidus falls steeply until there 
is a distinct break at 479—480°, at which the compound Na,Sn; 
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freezes at constant temperature (Mathewson gave 478°). The cool- 
ing curves in this region are apt to be very complex on account of 
the supercooling shown by the change «-NaSn == 6-NaSn, since if 
this cools below 479°, the compound Na,Sn, may begin to freeze, 
and then the NaSn transformation takes place with a rise in temper- 
ature. The present work, however, completely confirmed Mathew- 
son’s conclusion that the 483° and 479° transformations were dis- 
tinct, although Kremann and Gmachl-Pammer had doubted this. 

From here, the liquidus falls to a eutectic point at 62 atoms % of 
sodium, and 441° (Mathewson gave 61-:7% and 440°). This arrest 
is prone to show under-cooling, and, with normal rates of cooling, 
may occur at any temperature between 430° and 440°. From the 
eutectic the liquidus rises steeply to a maximum at 478°, at which 
the compound Na,Sn freezes at constant temperature; the value 
found by Mathewson was 475°. 

According to Mathewson the compound Na,Sn, underwent a 
polymorphic change in the range 320—350°, and, in agreement with 
this, the author’s cooling curves showed arrests in this region. 
These transformations exhibited marked hysteresis on both heating 
and cooling curves, and even when the rate of change of temperature 
was reduced to 1° per minute, there was still a difference of 10° 
between the values given on heating and cooling curves; the mean 
values from curves of this nature with two different alloys were 
358° and 357°. In order to determine the nature of this change, 
alloys were annealed for 2 weeks at 330°, 7.e., just below the transform- 
ation temperature. If Mathewson’s interpretation of the trans- 
formation as a polymorphic change of Na,Sn, be correct, the alloy 
57-66, on annealing at 330°, should show almost all one constituent 
(the supposed low-temperature form of Na,Sn,) with a slight excess 
of Na,Sn. Actually, however, it showed a finely divided two- 
constituent structure characteristic of the changes in which one 
phase on cooling splits into two phases. This was confirmed by 
the microstructure of the other slowly-cooled ingots in this region, 
for in all these the phase which, according to Mathewson, should 
have been homogeneous Na,Sn,, possessed this finely-divided 
eutectoid-like structure. On these grounds, therefore, the trans- 
formation at 357° is regarded, not as a polymorphic change of 
Na,Sn,, but as the decomposition of this compound on cooling into 
two other phases; and since, on annealing at 330°, all the alloys 
between NaSn and Na,Sn showed two constituents, it is concluded 
that the Na,Sn, splits up into NaSn and Na,Sn, the transformation 
at 357° corresponding to the change 
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This also explains why Kremann and Gmachl-Pammer (loc. cit.), 
using slowly cooled alloys, found no evidence for the existence of 
the compound Na,Sn, at the ordinary temperatures at which their 
measurements were made. 

Apart from this one point, the present results are in good agree. 
ment with those of Mathewson, for alloys within this range. 


III. Sodium-rich Alloys. 


Over the range 66-6—100 atoms % of sodium, the author's 
determination of the liquidus agrees remarkably well with that of 
Mathewson, the curve falling from the freezing point of Na,Sn to 
408° (Mathewson 405°) at which the compound Na,Sn freezes at 
constant temperature; from here the liquidus falls steeply to the 
melting point of pure sodium. Mathewson, however, concluded 
that the liquidus and solidus did not exactly coincide at his 405° 
transformation line, but that the composition of the liquid was here 
80-8 atoms % of sodium, the compound thus melting over a slight 
range of temperature. The present work does not confirm this. 
The smooth curves through the three points on either side of the com- 
pound meet almost exactly at the 80% line. That the solidus and 
liquidus meet at this point is further shown by the fact that the 97° 
arrest, at the melting point of sodium, was shown by alloys 83-05 
and 81-12, but not by alloy 80-0 or 78-10. If the compound Na,Sn 
did not melt at constant temperature, but corresponded to a peri- 
tectic reaction at 408°, we should not expect this to proceed to com- 
plete equilibrium in the cooling-curve experiments (owing to the 
effect of the film of solid first formed round the primary crystals) 
and we should expect to find traces of the 97° arrest continuing in 
the last two alloys in the same way that the low-temperature arrests 
persisted in the tin-rich alloys. The evidence is therefore that the 
compound Na,Sn melts at constant temperature. 

On the other hand, the author’s cooling curves showed a brief 
arrest in the region 360—380° for alloys between 66-6 and 80 
atoms % of sodium, and from slow heating and cooling curves the 
true temperature of this was found to be 377° (heating, 380° ; cooling, 
374°). This was not given by either pure Na,Sn or pure Na,Sn, 
and the only reasonable explanation seems to be that at this temper- 
ature these two compounds react to form another phase of inter- 
mediate composition. The arrest was a maximum between 75 and 
80 atoms % of sodium, indicating that the new phase might be 
Na,Sn, and with very great difficulty chill castings were prepared 
in this range of composition, and were annealed for 2 weeks at 330°. 
Fig. 9 shows the casting of alloy 76:26. Here will be seen light 
needles (indicating plate-like crystals) of Na,Sn in a ground mass of 
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Na,Sn. In spite of the great reactivity of its constituents, this 
alloy could be photographed under an oil film at any time up to 50 
seconds after polishing, although the structure of the Na,Sn could 
never be seen. After annealing, the whole structure had changed, 
no Na,Sn could be seen, and the alloy was so very much more 
reactive that, even under oil, it was almost impossible to photograph 
it before the whole surface appeared black. After many failures, 
however, Fig. 10 was obtained; the structure here shows numerous 
holes (indicating a volume change), and chiefly one constituent 
appearing dark grey in the photograph, and small dark lines which 
are either a second more reactive constituent or else fine cracks. 
The white spots are bubbles of hydrogen. On the other hand, 
alloy 74°42 showed some of the light Na,Sn left over after annealing, 
whilst alloy 77-9 looked very much like Fig. 10 with more of the 
fine dark lines. On these grounds, therefore, it is considered that 
the transformation at 377° corresponds to the combination of Na,Sn 
and Na,Sn to form Na,Sn, which decomposes to its constituent 
compounds on heating through the transformation temperature. 
That Na,Sn forms little or no solid solution is shown by the fact that 
the annealed alloy 74:42 showed some Na,Sn to be present, whilst 
if the fine dark lines in alloys 76-26 and 77-90 indicate Na,Sn, it 
is clear that there is little solid solubility on the sodium side. It must 
be admitted that this evidence is not entirely conclusive, but it is 
not unsatisfactory in view of the intense reactivity of these alloys, 
for they explode when dropped into water, and even under oil become 
black within 30 seconds. 

The annealing experiments failed to show any solid solutions in the 
compound Na,Sn, or on the tin side of Na,Sn. Alloy 81-12 showed 
a clear arrest at 96° on the cooling curve, indicating that little 
or no solid solubility exists on the sodium side of Na,Sn, but as this 
alloy is partially liquid above 97° annealing experiments were not 
carried out. 

Discussion. 

The system sodium-tin contains the compounds Na,Sn, Na,Sn, 
Na,Sn, Na,Sn,, NaSn, NaSn,, NaSn,, NaSn,, and NaSn,. All these 
are definitely metallic, and conduct electricity, the least metallic- 
looking being Na,Sn, which is bluish-black and closely resembles 
the bluish-black Mg,Sn (probably Mg,Sn,), as has been previously 
pointed out by the author. The density of Na,Sn was determined 
as 2-94 by using xylene as the immersion fluid, and a stoppered 
pyknometer. 

As the author has previously suggested, the metallic properties 
of compounds of this nature indicate that some of the valency 
electrons are not bound into stable octets, or other groupings, 
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but remain” more loosely held. Of the compounds discovered, 
NaSn, and NaSn, readily suggest themselves as co-ordination 
compounds of the sodium ion, with 6 and 4 atoms, respectively, 
surrounding the positively charged ion, and thus leaving the one 
free valency electron over to give the substance its metallic properties, 
For the other compounds, electronic structures must remain specu. 
lative until methods have been devised for determining the true 
molecular weights and the number of “ free ” electrons present, or 
alternatively, until the crystal structure has been investigated. 


Summary. 


The equilibrium diagram of the system sodium-tin has been 
investigated by thermal and microscopic methods. More than 60 
alloys have been annealed or quenched under different conditions, 
and 63 independent cooling-curve experiments have been carried 
out. 

The system has been shown to be very complex, and to contain 
the nine compounds Na,Sn, Na,Sn, Na,Sn, Na,Sn,, NaSn, NaSn,, 
NaSn,, NaSn,, and NaSn,. 

Of these, the compounds Na,Sn (m. p. 478°) and NaSn (m. p. 
578°) correspond to maxima on the liquidus, and melt at constant 
temperatures. The compound NaSn undergoes a polymorphic 
transformation at 483°. 

The compounds Na,Sn (m. p. 408°) and Na,Sn, (m. p. 479°) also 
melt at constant temperatures, but correspond to breaks in the 
liquidus and not to maxima. The compound Na,Sn, is only stable 
above 357°, and on cooling below this temperature it splits up into 
the compounds Na,Sn and NaSn, the reverse change taking place 
on heating above 357°. 

The compound Na.Sn exists only in the solid state, and on heating 
above 377° it decomposes into a mixture of the compounds Na,Sn 
and Na,Sn. 

The compound NaSn, is formed at 307° by a reaction between the 
compound NaSn and liquid; the compound NaSn, is formed at 
289° from NaSn, and liquid; the compound NaSn, is formed at 
229° from NaSn, and liquid; and the compound NaSn, is formed 
at 226° from NaSn, and liquid. None of these compounds melts 
at a constant temperature, but all correspond to peritectic reactions 
indicating extensive decomposition on melting. 

No evidence has been found for the existence of any solid solutions. 
The results are discussed in the light of previous work. 


The author expresses his gratitude to Professor W. H. Perkin, 
F.R.S., for having given facilities for metallurgical work to be | 


Fic. 2. 
The Equilibrium Diagram of the System Sodium-—Tin. 
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CXXVI.—Orientation Effects in the Diphenyl Series. 
Part VI. The Supposed Isomerism of the 
Dinitrotolidines. 


By Raymonp James Woop Lz Fivre and Eustace EBENEZER 
TURNER. 


Iv 1914, Cain and Micklethwait (J., 105, 1442) described the 
discovery of isomeric dinitrotolidines corresponding to the 3: 3’- 
and 3: 5’-dinitrobenzidines they had previously isolated. They 
also described four isomeric dinitrotolidines in which the nitro- 
groups occupied in each case two of the four positions 2, 2’, 6, 
and 6’. 

Gerber (Ber., 1888, 24, 746) had already shown that when diacetyl- 
o-tolidine was nitrated, the main product after hydrolysis had m. p. 
266—267° and was the dinitro-compound (I), its constitution being 
based upon its eaten, dee into a quinoxaline. 


Me 
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Cain and Micklethwait stated that they set out in the hope of 
isolating a second dinitro-compound, corresponding to Bandrowski’s 
base, regarded by Cain as 3 : 3’-dinitrobenzidine. In attempting to 
repeat Gerber’s work, they apparently were successful, and described 
the isolation of what they called o-dinitrotolidine II in addition to 
Gerber’s compound, which they designated o-dinitrotolidine I. 
Cain and Micklethwait also nitrated diphthalyl-o-tolidine, evidently 
hoping to obtain o-dinitrotolidine II in better yield. Instead, they 
described the isolation of four isomeric m-dinitrotolidines, to which 
they gave formule (II) to (V). 

One of these compounds had previously been obtained by Gerber 
(Diss. , Basel, 1889) by nitrating o-tolidine sulphate. Gerberregarded 
his inte as II, and was correct in so doing, for later Tauber 
y Léwenherz (Ber., 1891, 24, 1033) succeeded in converting it 
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into a diaminodimethylcarbazole, a conversion incidentally repeated 
and confirmed by Cain and Micklethwait. 
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Cain and Micklethwait also described the conversion of o-dinitro- 
tolidine II into o-dinitrotolidine I, and thus added very considerably 
to their evidence for 3 : 3’-3 : 5’ isomerism. 

As a result of our previous discovery (J., 1926, 1759) that Cain’s 
space isomerides were actually position isomerides, we re-investig- 
ated the dinitrotolidine question. We find that when diacetyl-o- 
tolidine is nitrated, etc., two products can irideed be isolated, but 
that one is formed only in small quantity, and although it melts, as 
Cain and Micklethwait stated, at about 202—203°, it is in reality 
an impure specimen of 6 : 6’-dinitro-o-tolidine, since it may be con- 
verted into 4: 4’-dibromo-6 : 6'-dinitro-3 : 3’-dimethyldiphenyl, a 
substance which does not react with boiling piperidine. 

When investigating Bandrowski’s dinitrobenzidine, we showed 
that this compound was formed almost quantitatively by the 


nitration of 2-nitrodiacetylbenzidine. The nitration of the corre- | 


sponding tolidine derivative, viz., 6-nitrodiacetyl-o-tolidine, however, 
under similar conditions gives the 6 : 6’-dinitro-compound. 

We have confirmed the structure of Gerber’s dinitro-o-tolidine 
(obtained by nitration of diacetyltolidine) by converting it into 
4°: 4’-dibromo-5 : 5’-dinitro-3 : 3'-dimethyldiphenyl, which readily 
reacts with boiling piperidine to give 5: 5’-dinitro-4 : 4’-dipiper- 
idino-3 : 3'-dimethyldiphenyl. 

There are three other observations made by Cain and Mickle- 
thwait which also require explanation. First, they isolated from the 
product of hydrolysis of dinitrodiacetyltolidine “ a yellowish-brown 
residue.” They said further: ‘‘ It was found, however, that if this 
material was crystallised from amyl alcohol further amounts of the 
isomeric bases could be obtained. The existence of this yellowish- 
brown substance and its general behaviour indicate possibly that we 
are here dealing with bases and their internal salts.” There is little 
doubt that the yellowish-brown product was a mixture of dinitrotol- 
idine with dinitrodiacetyltolidine which had escaped hydrolysis 
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(compare the hydrolysis of nitrophthalylbenzidine, Le Févre and 
Turner, this vol., p. 245). Secondly, Cain and Micklethwait heated 
their o-dinitrotolidine II with acetic acid and acetic anhydride, and 
eventually isolated a little diacetyl-o-dinitrotolidine I. This is 


i now explained, since “ base II ” was a mixture containing a con- 


siderable quantity of base I. Thirdly, these authors reduced both 
o-dinitrotolidine I and II and condensed the resulting tetra-amines 
with benzil. In both cases one and the same quinoxaline was 
obtained, and although this to Cain and Micklethwait implied 
constitutional as distinct from configurational identity, their result 
is now an experimental necessity, since o-dinitrotolidine I is present 
in the supposed isomeride. 

The nitration of diacetyl-o-tolidine (VI) may be compared with 
that of aceto-1 : 3: 4-xylidide (VII). The latter compound is con- 
verted by nitric acid into the 5-nitro-derivative, and by nitric and 
sulphuric acids mainly into the 6-isomeride (Hofmann, Ber., 1876, 
9,1295; Noelting and Collin, Ber., 1884, 17, 265). 

We have not investigated Cain and Micklethwait’s four “ isom- 
erides ’’ of the meta-series, but a sufficient explanation of these 
authors’ results is that the four compounds are not (II—V), but 
are (II), (IV), (VIII) and (IX). Cain and MicklethWwait appear to 
have overlooked the possibility of (VIII) being formed, although it is 
more to be expected than (IV). Their m-dinitrotolidine I certainly 


has formula (II), for the reasons stated above. Their m-dinitrotol- 


idines IT and IV were converted into compounds which gave correct 
analyses for carbazoles, agreeing with the present formule (IV) and 
(VIII). Cain and Micklethwait had insufficient of the fourth 
isomeride (m-dinitrotolidine III) for an attempt to convert it into 
acarbazole, but in view of the very small amount of it obtained it 
is reasonable to regard it as (IX). Moreover, Cain and Mickle- 
thwait’s paper contains very little real evidence upon which con- 
stitutions of their m-dinitrotolidines II, III and IV could soundly 
be based. No yields are quoted in the paper, and the amount of 
material available for analysis appears to have been very small. 
The 4: 4’-dibromo-6 : 6’-dinitro-3 : 3’-dimethyldiphenyl referred 
to above is also obtained by nitrating 4 : 4'-dibromo-3 : 3’-dimethyl- 
diphenyl; similarly, 4 : 4’-dichloro-3 : 3’-dimethyldipheny] nitrates 
to give 4: 4’-dichloro-6 : 6’-dinitro-3 : 3’-dimethyldiphenyl. 4: 4’- 
Dihalogenodiphenyls nitrate unsymmetrically (Dennett and Turner, 
J., 1926, 476), and it is interesting to compare the nitration of the 
dihalogenoditolyls now described with such nitrations as those of 
1:2:4-trichlorobenzene, 3:4-dichloroacetophenone, and 3: 4- 
dichloronitrobenzene (all nitrating in position 5). All these cases 
are illustrations of the apparently general tendency for the formation 
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of 1: 2:4:5-compounds rather than the 1:2:3:4- or 1:2:3:6. 
isomerides. 


NHAc 

a le NH, NH, 
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ExPERIMENTAL. 


Diacetyl-o-tolidine—Acetic anhydride (60 c.c.) was added slowly 
to a gently boiling solution of o-tolidine (106 g.) in acetic acid 
(300 c.c.). The product was crystallised from phenol—alcohol. 

Nitration of Diacetyl-o-tolidine.—Diacetyltolidine (35 g.) was slowly 
added to nitric acid (d 1-5), the temperature being kept below 0°. 
The yellow paste obtained by pouring the mixture on crushed ice 
was treated With steam to remove nitric acid, well washed with 
boiling water, and dried at 100°. Hydrolysis was effected with 


concentrated sulphuric acid, the procedure usual in this series being | 


followed. 


The diluted acid solution was filtered after 12 hours, and the 


sulphate obtained was ground under aqueous ammonia. After 
washing and drying, 16 g. of a red powder were obtained, m. p. 
below 210°. The m. p. was raised to 261° by the first crystallisation 
from phenol-alcohol, and after two further crystallisations 7 g. of 
pure 5: 5’-dinitro-o-tolidine, m. p. 268—269°, were obtained. 
o-Dinitrotolidine II.—The mother-liquors from all the above 
crystallisations were mixed with an excess of sodium hydroxide 
solution, the more soluble sulphates being obtained as bases, and 
the excess of phenol was removed. The reddish-brown product was 
washed with hot water, dried at 100°, and extracted with 150 c.c. 
of benzene in a Soxhlet apparatus. After cooling and filtering, the 
clear benzene solution was evaporated to dryness. A bright red, 
brittle glass was obtained, which appeared to crystallise on being 
stirred with alcohol. This product (about 1-5 g.) had a m. p. of 
200—205° and a definitely crystalline appearance and did not.undergo 
any change of m. p. when twice recrystallised from benzene. It 
(0-8 g.) was bisdiazotised, and the diazoperbromide prepared in the 
usual way. Decomposition with boiling glacial acetic acid gave 4 
cream-coloured product ; this, after three crystallisations from glacial 
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acetic acid, formed long, thin needles (m. p. 270°) which slowly 
reacted with boiling piperidine. The identity of the dibromodinitro- 
ditolyl was proved by a mixed m. p. determination with authentic 
4: 4'-dibromo-5 : 5’-dinitro-3 : 3’-dimethyldipheny] (see later). 

The residues from the above benzene extraction changed from 
red to orange-yellow on drying—indicating the presence of a con- 
siderable quantity of 6 : 6’-dinitrotolidine. They were treated as 
above for o-dinitrotolidine II, but a pure product was not obtained. 
After several crystallisations from much glacial acetic acid, the 
dibromo-compound had m. p. about 230°. This, and the fact 
that boiling piperidine caused no change in the m. p. even after 
| hour, show it to be 4: 4’-dibromo-6 : 6’-dinitro-3 : 3’-dimethyl- 
diphenyl. 

Nitration of 6-Nitrodiacetyltolidine—The acetyl derivative was 
prepared by the method of Léwenherz (Ber., 1892, 25, 1032). 10G. 
wre slowly added to 100 c.c. of nitric acid (d 1-5) at 0° to -5°. 
After 1 minute, ice was added, and the white suspension was filtered 
off, washed, and hydrolysed with sulphuric acid. The reddish- 
brown product could not be crystallised from the ordinary solvents 
and therefore was extracted with benzene as described above. From 
the benzene extract no chemical individual could be isolated, but 
from the reddish-yellow (less soluble in benzene) residue, about 2:5 g. 
of 4 : 4’-dibromo-6 : 6’-dinitro-3 : 3’-dimethyldiphenyl were obtained 
by the perbromide method. The yield of the latter compound 
indicates that 6 : 6’-dinitrodiacetyltolidine is formed to a considerable 
extent in the nitration of 6-nitrodiacetyltolidine. 

4: 4’-Dibromo-5 : 5'-dinitro-3 : 3'-dimethyldiphenyl.—A solution of 
pure 5 : 5’-dinitrotolidine (7 g.) in 20 c.c. of concentrated sulphuric 
acid was bisdiazotised at —5° with 3-3 g. of sodium nitrite. After 
being poured on ice, diluted with water, and filtered, the mixture 
was treated with a solution of 5 c.c. of bromine in 15 c.c. of hydro- 
bromic acid (d 1-49). Decomposition of the precipitated perbromide 
was effected in boiling glacial acetic acid, and the product, which was 
sparingly soluble in this solvent, had m. p. 269—-271°. From much 
acetic acid, it crystallised in matted wads of pale yellow, hairy 
needles, m. p. 271—272° (Found: N, 6-9. C,,H,,0,N,Br, requires 
N, 65%). 

4: 4'.Dipiperidino-5 : 5’-dinitro-3 : 3’-dimethyldiphenyl.—The last- 
named compound, when gently refluxed for 1 hour with piperidine, 
dissolved, and the solution become filled with crystalline cakes of 
piperidine hydrobromide. Dilution with water gave a product 
which crystallised from acetic acid in bright yellow plates, m. p. 
226—227° (Found: N, 13-0. C,,H3,0,N, requires N, 12-8%). 

4: 4’.Dibromo-6 : 6’-dinitro-3 : 3'-dimethyldiphenyl_—A perbromide 


Meg 


968 ORIENTATION EFFECTS IN THE DIPHENYL SERIES. PART VI. 


displacement on 12 g. of 6 : 6’-dinitrotolidine gave 9 g. of a cream. 
coloured substance, which crystallised from acetic acid in long 
needles, m. p. 230—233° (softening at 225°). Two further crystal. 
lisations did not raise the m. p. above 230—233° (Found : N, 6-7, 
Calce.: N, 6:5%). 

4: 4’-Dichloro-3 : 3’-dimethyldiphenyl._—o-Tolidine (90 g.) was 


bisdiazotised according to the directions of Schultz, Rhode, and § 


Vicari (Annalen, 1907, 352, 124) and the resulting solution was 
allowed to drop slowly into a vigorously stirred solution of cuprous 
chloride (from 240 g. of copper sulphate crystals) in 750 c.c. of 
concentrated hydrochloric acid, heated at 100°. Stirring was con. 
tinued for 4 hour, and the reaction mixture allowed to cool over. 
night. The dark brown oil obtained was washed by decantation 
and extracted with benzene, the extract was washed repeatedly with 
sodium hydroxide solution and with water and dried over sodium 
sulphate, and the benzene was removed by distillation. The 
dichloroditolyl was collected at 310—320° (yield, 58 g.); after 
crystallisation from alcohol, it melted at 52—53° as stated by 
Schultz, Rhode, and Vicari. 

4: 4’-Dibromo-3 : 3'-dimethyldiphenyl was prepared by the usual 
method from 100 g. of o-tolidine, dissolved in 300 c.c. of concen- 
trated hydrochloric acid diluted with 100 c.c. of water. The 
solution resulting after the addition of 70 g. of sodium nitrite (in 
150 c.c. of water) was slowly added to a solution of cuprous bromide 
prepared with the aid of 90 g. of potassium bromide; the decomposi- 
tion was vigorous. The reddish-brown oily product, after being 
washed in benzene solution with alkali, water, and dilute acid and 
dried over sodium sulphate, was distilled. The main fraction, b. p. 
202—215°/20 mm.., solidified on cooling, and after being crystallised 
from much alcohol, formed long, white needles, m. p. 63—64° 
(Stolle, Ber., 1888, 21, 1099, gives m. p. 58—59°). 

Nitration of 4:4'-Dichloro-3 : 3'-dimethyldiphenyl.—Dichloro- 
ditolyl (6-2 g.) was slowly added to nitric acid (d 1:5; 100 c.c.), 
cooled in water. The mixture was heated at 100° for 10 minutes and 
poured into water. The cream-coloured, flocculent powder obtained 
gave yellow crystals, m. p. 165—170°, 201—202°, and 211—212’, 
respectively, after one, two, and three crystallisations from glacial 
acetic acid (Found: Cl, 20-4. C,,H,)0,N,Cl, requires Cl, 20-8%). 

10 G. of 6 : 6’-dinitrotolidine were warmed with 50 c.c. of concen- 
trated hydrochloric acid, and 50 c.c. of water were added when 
hydrochloride formation was complete. The whitish suspension 
was then bisdiazotised at 0°. The filtered solution was added to a 
suitable solution of cuprous chloride in hydrochloric acid. Normal 
procedure led to the isolation of a powder which, after three crystal- 
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lisations from glacial acetic acid, melted at 212° and was identical 
with the nitration product from the last experiment. 

Nitration of 4 : 4'-Dibromo-3 : 3'-dimethyldiphenyl.—The dibromo- 
compound (5 g.) was slowly added to 35 c.c. of nitric acid (d 1-5), the 
temperature of which was kept below 20°. The addition of a little 
water then caused crystallisation to set in. The washed precipitate 


| was extracted with hot giacial acetic acid (the extracts deposited 


crystalline material, m. p. 150—210°), and the almost insoluble 
residue was crystallised from a large bulk of glacial acetic acid. It 
was thus obtained as yellow needles, m. p. 228—230°, with slight 
previous softening. After three further crystallisations this m. p. 
was unchanged—it is difficult to account for an indefinite m. p. in 
the case of a compound of this type. 

A mixed m. p. determination with the product obtained from a 
prbromide displacement on 6 : 6’-dinitrotolidine (above), however, 
showed that the two substances were identical. 


UniversITy COLLEGE AND East LONDON COLLEGE, 
LonDon. [Received, February 15th, 1928.] 


CXXVIT.—Observations on the Passivity of Metals. 
By Ernest SyDNEY HEDGEs. 


THE question whether iron which has been dipped in concentrated 
nitric acid owes its chemical inertness to a protective film of oxide 
ato a change in the nature of the metal itself has long been a matter 
of controversy, but the isolation by Evans (J., 1927, 1020) of a film 
of ferric oxide on iron rendered passive by a variety of means 
leaves no doubt that in these cases the inertness is due to a protective 
film. Evans was unable, however, to isolate such a film on iron 
made passive by concentrated nitric acid, because of the spontaneous 
breakdown of the passivity after withdrawal of the metal from the 
nitric acid. 

One of the objects of the present paper is to show, by the use of 
methods which do not involve the removal of the metal from the 
acid, that iron rendered passive by nitric acid also has a protective 
oxide film. If the passive metal is coated with an oxide film, it may 
be expected that this film will be washed or torn off when the metal 
is whirled rapidly in the liquid, so that the iron will become active 
and dissolve. On the other hand, according to the view advanced 
by Smits (“‘ Theory of Allotropy,”’ 1922, p. 345), the more rapid 
removal of ions from the metal by a high speed of rotation will 
produce a more violent disturbance of the inner equilibrium at the 
surface of the metal and the iron will tend to become more passive. 
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Further strong evidence for the existence of an oxide film on 
passive iron is afforded by the recent work of Freundlich, Patscheke, 
and Zocher (Z. physikal. Chem., 1927, 128, 321; tbid., 130, 289). 

The Passivation of Iron by Nitric Acid.—The electrolytic iron used 
in these experiments was very kindly provided by Mr. U. R. Evans, 
and its manufacture and analysis have been described by him 
(loc. cit.). The surface of the metal had, however, become somewhat 
corroded by damp soda-lime, in which it had been packed : this 
was not a serious drawback for the present investigations. The 
material was cleaned in dilute sulphuric acid, and washed in water 
before uss. 

In order to conduct the ‘“‘ whirling ” experiments under the most 
sensitive conditions, it was first necessary to determine the minimum 
concentration of nitric acid which would suffice to passivate the iron. 
At first, reproducible values were not obtained, but it was soon 
found that the iron should not be used too soon after being taken out 
of the sulphuric acid. In order to obtain reproducible values, the 
sheet of iron was dried, cut up into pieces 1 cm. x 1 cm., and kept 
for 24 hours before use. No doubt, the slight ‘“ air-passivity ” soon 
reaches a constant value. 

Another source of error was found to be that in solutions of nitric 
acid containing 7—14% of water (by vol.), the production of pas- 
sivity depends on the rate at which the iron passes through the surface 
of the liquid: metal which was active as it passed through the 
surface became passive before it reached the bottom of the vessel. 
Reproducible results could be obtained only by throwing the metal 
forcibly through the liquid surface; in fact, if one piece of iron foil 
is gently dropped with its flat side to the liquid surface, and another 
piece is thrown edge-ways through the surface, the first piece dis- 
solves with great vigour, whereas the second piece is unattacked. 
This phenomenon has its counterpart in the liquid-line corrosion 
observed when a metal is half-immersed in a corroding medium. 
This can be observed both in the present experiments and in anodic 
passivation, According to Evans (loc. cit., p. 1036), this is to be 
explained by the protective film tending to leave the metal-liquid 
interface and collect at the liquid—air interface. Such an explanation 
seems to account for the present case, but it is doubtful whether it 
is generally applicable : in some cases it seems necessary to postulate 
an enhanced reactivity at a liquid surface (compare Hedges, J., 
1926, 831). (As a further example of the modifying influence of a 
liquid surface, the author has recently observed that in crystallising 
mercuric iodide by cooling a hot saturated solution in potassium 
iodide, red crystals form on the bottom and sides of the beaker, but 
the crystals forming at the liquid-air surface are yellow.) 
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The experiments were conducted in a thermostat at 30°, the 
solutions being made up by mixing measured quantities of nitric 
acid (d 1-42) and water from two burettes, so that the total volume 
of liquid (before admixture) was 10 c.c. For convenience, the 
mixtures are designated by the volumetric percentage of nitric acid 
wed in their preparation, a mixture prepared from 1-40 c.c. of 
water and 8-60 c.c. of nitric acid being referred to as 86% nitric 
acid. 

The following results were obtained. Nitric acid of concentration 
100—86% rendered iron passive, a distinct yellow colour being 
produced in 90—86% acid. When kept in these solutions, the 
passive iron dissolved so slowly that after 3 months very little 
dissolution had taken place. 

The lowest concentration of nitric acid to passivate electrolytic 
ion at 30° was repeatedly determined as 86%. In 85-5% acid the 
inn disssolved with great vigour, and in 85-75% acid it dissolved 

quietly with slow evolution of bubbles. 

Activation of Passive Iron by Whirling.—Pieces of iron foil 
lem. X 2 cm. were pierced and suspended by a hook on the end of a 
glass rod, which could be rotated at a speed of 3000 r.p.m. in nitric 
wid. Iron whirled in nitric acid of any high concentration always 
imparted a distinct yellow colour to the solution after a short time, 
the more readily the greater the amount of water. The following 
typical of many experiments : The iron, resting on the glass hook, 
was quickly passed through the liquid surface of 86° acid and was 
dtserved to be passive; it was then rotated at 3000 r.p.m., and no 
cange occurred until after 30 seconds, whereupon the solution 
quite suddenly became deep yellow. After a further period of 60 
seconds the iron had dissolved completely. Separate experiments 
showed that a similar piece of iron kept at rest in nitric acid of this 
concentration at 30° was completely dissolved after 8 days. 

These experiments show beyond doubt that passive iron becomes 
active when rapidly whirled in nitric acid. The ‘‘ induction period ” 
of about 30 seconds is of exceptional interest, for it seems probable 
that this is the time taken to remove the protective oxide film, after 
which the dissolution proceeds apace. 

Activation of Passive Iron by raising the T’emperature.—Iron which 
has heen made passive by concentrated nitric acid is well known to 
become suddenly active when the solution is heated. A study was 
nade of this transition. The experiments were carried out in a thin- 
walled test-tube containing 10 c.c. of the nitric acid solution and a 
biece of iron foil measuring 1 em. X 1 em. A thermometer was 
‘uspended in the nitric acid. The whole was immersed in a large 
veaker of water, which was constantly stirred and heated at the rate 
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of 1° per minute by means of a small flame. The iron was thrown 
into the nitric acid at 30°. 

In general, in the stronger solutions of nitric acid, the following 
sequence of events was observed on raising the temperature. At 
first the iron was passive and the solution almost colourless. At 
about 65° a faint yellow coloration appeared in the liquid, but 
suddenly at 75° slow evolution of small bubbles at the surface of 
the metal occurred: this transition was quite sharp. The rate of 
gas evolution increased slowly thereafter until at a higher tem. 
perature dissolution of the metal with almost explosive violence 
occurred very suddenly. In the following table are given the 
temperatures of these two sudden changes of iron in various con- 
centrations of nitric acid : 

Cone. of acid, % 99 98 95 90 
Ist temperature -B° 74-5° 75-5° 74:5° 75-0° 
2nd ee 55° 85-0° 83-0° 77-5° 75:0° 
The table indicates that the first transition, corresponding with 
the first evolution of gas, takes place at a definite temperature of 
74-5—75-5° independently of the concentration of the acid. The 
second transition temperature falls with increasing amounts of water 
in the mixture, until, for 90% acid, the metal passes from the passive 
state directly to the state of violent dissolution at 75°. 

The results may be interpreted as follows: The first transition 
marks the change from passive to active metal, due to dissolution 
of the film by the nitric acid; the reaction is slow, however, because 
the rate of dissolution of the film can only just keep pace with its 
rate of re-formation as a result of the reaction. The second transi- 
tion, or violent dissolution, denotes the complete disappearance of 
the film, and the temperature at which it occurs falls with decreasing 
concentration of nitric acid because of the greater solubility of ferric 
nitrate in weaker nitric acid solutions. 

In order to test this hypothesis, the effect of nitric acid on ferric 
oxide was examined. Powdered ferric oxide was ignited in a silica 
crucible, cooled in a desiccator, and immediately placed in a test- 
tube containing 10 c.c. of nitric acid (d 1-42). At the ordinary 
temperature, no coloration was produced in the acid, and even on 
standing for 24 hours at 30° only the faintest yellow was formed. 
The rate of dissolution of ferric oxide in nitric acid under these ff 
conditions is therefore very roughly comparable with that of passive 
iron. When the temperature was slowly raised, as in the experi- 
ments with passive iron, the first faint yellow colour was produced 
at 68°; at 75°, the solution rapidly became deep yellow, and the 
thin deposits on the sides of the bottom of the tube vanished between 
75° and 77°. The heating was continued up to 90° without change 
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other than a general deepening of the yellow colour. The total 
amount of ferric oxide dissolved was small. In an experiment 
caried out on freshly ignited ferric oxide in 90% nitric acid, the 
frst faint yellow colour appeared at 64°, and the solution became 
deep yellow over the range 72—77°. It appears, therefore, that the 
temperature at which passive iron in nitric acid becomes active 
coincides with that at which the rate of dissolution of ferric oxide 
becomes appreciable. 

Doubt is often expressed as to the existence of an oxide of 
ion capable of resisting the solvent action of concentrated acids, 
and statements are to be found in the literature to the effect that, 
apart from the inadequacy of known oxides of iron, it is necessary 
toassume that the oxide will be decomposed on heating in order to 
acount for the activating effect. As shown above, the latter 
assumption is absolutely unnecessary, and the former objection 
isdue to a misapprehension, for it is patent that freshly ignited 
fyric oxide dissolves in acids with extreme difficulty. Indeed, it is 
significant that the three metals which are most readily passivated 
(on, chromium, aluminium) all give oxides which when freshly 
inited are scarcely dissolved by acids. 

Possibly the velocity of dissolution of the oxides is controlled by 
the existing degree of hydration of the particles. Thus, ordinary, 
powdered ferric oxide contains much adsorbed water and is much 
nore readily soluble than the ignited material. If this “‘ loosely 
wmbined ” water is very great, as in a ferric hydroxide gel, the 
tisolution by nitric acid is immediate. These considerations also 
apply to the other oxides mentioned. . 

The reason for using freshly ignited ferric oxide in the experiments 
iescribed above is that, since the protective film is formed under 
sinctly dehydrating conditions on immersing iron in concentrated 
uttic acid, the water content of the ferric oxide is bound to be low 
and its properties will approximate to those of the ignited material. 

It is also noteworthy that passive iron does slowly dissolve in 
«ncentrated nitric acid, the rate being controlled by the rate of 
iissolution of the oxide. This view is in complete accord with all 
the phenomena observed on raising the temperature. 

Evidence that the Transition is not of Allotropic Nature.—In addi- 
tion to the experiments described above, which directly support the 
nide-film theory, negative evidence has been obtained which tends 
show that the transition temperature does not mark anything in 
le nature of an allotropic change in the metal itself. Ordinary, 
‘tive iron immediately becomes blackened when placed in silver 
littate solution, through deposition of metallic silver on its surface, 


hereas passive iron remains unchanged. If an allotropic change 
KK 
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from passive iron to active iron occurs at 75°, then a piece of passive 


y 
iron, placed in silver nitrate solution, should cause deposition of ] 
silver as soon as the temperature reaches 75°. Actually, it was found ¢ 
that iron made passive by nitric acid can be heated in 0-2N-silver I 
nitrate solution to boiling without any deposition of silver occurring. ¢ 
When the iron was kept for a long time in the silver nitrate solution, 
glistening crystals of silver were formed at isolated spots on its J ° 
surface, probably representing discontinuities in the film. a 

Periodic Phenomena in the Activation of Passive Iron.—Periodic § ® 
phenomena in the activation of aluminium and nickel passivated § 
by anodic polarisation have been described by the author (J., 1926, § © 
2883) as occurring when the electrode is given equal opportunities of Jt! 
being passive or active. A region of periodicity was observed when § tl 
any 01 the following three conditions were changed in the direction § 
of increasing activity: (a) dilution of the reagent, (6) increase of § (! 
temperature, (c) addition of an agent favouring activity. 

Some support is lent to the supposition that electro-chemical Bf 
passivity and that produced by purely chemical means are one and ph 
the same phenomenon, for with chemically passive iron similar °o 
periodic phenomena are observed when the passivating and activat- ’ 
ing influences are made nearly equal, by the same three methods. § pa 
Herrschel (Ann. Chim. Phys., 1833, 54, 87) found that, in nitric acid 75 
intermediate in concentration between that required to passivate## ord 
iron and that in which iron is rapidly dissolved, a piece of iron nit 
became alternately active and passive, gas being evolved in regula ( 
pulsations; but the present author, working at 30°, has not been able the 
to verify this. ; me 

Periodic phenomena were observed, however, in the experiments§ @pp 
on the activation of passive iron by raising the temperature. Ing} Thu 
every case, at the transition temperature (75°), evolution of gas iron 
started in puffs which were at regular intervals in any one expeti- N 
ment, but the intervals varied from 1 to 9 seconds in different ordi 
experiments. With rise of temperature the frequency of the ¢xar 
periods increased. In addition to the visible changes, these periods two 
are accompanied by an audible “ pop,” evidently caused by the whe: 
suddenness of evolution of gas at the commencement of each period Agai 
The bright surface of the iron darkens during each rapid evolutioug evoli 
of gas, and when it is black the bubbles stop ; as the surface brightens disso 
again, evolution slowly increases, and the cycle is then repeatedg Co 
continuously. coves 

The periodic formation of this visible dark film under thes disso 
conditions offers additional support to the general explanation © On w 
passivity which has been given, for, if a film is being formed underg Comp 
conditions such that it cannot become very protective, such a filmg prod 
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will grow and may readily reach visible thickness. At lower tem- 
peratures, where the conditions are not inimical to the permanence 
of a film, it is obvious that a film, once formed, will in virtue of its 
protective nature cease to grow. In such a case the film will be 
exceedingly thin. 

Periodic phenomena have also been observed in the activation 
of passive iron by causing it to function as acathode. This case is 
analogous to the addition of chlorine ions to anodically passivated 
nickel, the discharged hydrogen ions being the activating agent here. 
Heathcote (Z. physikal. Chem., 1900, 35, 210) noticed that an iron 
cathode in nitric acid becomes alternately active and passive. In 
the present investigation, the existence of periods in activation by 
this means was confirmed, but a detailed study of the effect of 
current density was precluded by the thinness of the iron foil 
(0-12 mm.). 

Some experiments were also performed on the periodic passivation 
of iron by anodic polarisation in dilute sulphuric acid, and all the 
phenomena described in an earlier publication (J., 1926, 2878) were 
confirmed with the new specimen of iron. 

Passivity of Other Metals at Low Temperatures.—Since the 
passivity of iron immersed in nitric acid is destroyed by heating to 
75°, it appeared that other metals, not showing passivity at the 
ordinary temperature, might become passive towards concentrated 
nitric acid at lower temperatures. 

Cobalt dissolved with great vigour in nitric acid of d1-42 at 
the ordinary temperature, but became passive immediately at 
-11°. On raising the temperature slowly, the first bubbles 
appeared at +9°, and at 25° a sudden vigorous dissolution set in. 
Thus, the phenomena are precisely similar to those observed with 
iron at higher temperatures. 

Nickel is said to be rendered passive by nitric acid (d 1-42) at the 
ordinary temperature. Of six samples (not analysed) of nickel 
examined under these conditions, four were rendered passive, and 
two were very rapidly dissolved. A specimen of the latter variety 
when added to nitric acid at —11° was immediately rendered passive. 
Again, the phenomena on warming resembled those of iron, for 
evolution of bubbles started suddenly at 30°, and at 72° violent 
dissolution set in. 

Copper, when added to concentrated nitric acid at —11°, became 
covered with a visible, dark grey film and was inert, very little 
dissolution taking place in 2 days at the ordinary temperature. 
On warming, sudden violent dissolution occurred at 40°. Thus, the 
complete analogy with iron is established. The passivity of copper 
produced by this method is not so permanent as that of iron, for, if 
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the copper be removed from the nitric acid, washed with water, and 
replaced, it is found to be active, dissolving with vigour. The reason 
is that the film of cupric oxide is easily soluble in dilute nitric acid 
at the ordinary temperature, whilst ferric oxide is not. The fact 
that, in the case of copper, the oxide film has reached visible 
thickness is in itself an indication of its relatively poor protective 
value. 

Zine and magnesium were not rendered passive by nitric acid at 
—11°, but very slow evolution of gas occurred, suggesting that the 
metals were in the state between the two transition temperatures, 
On warming, dissolution set in at +-20° with such violence as to 
project the acid from the test-tube. 


Discussion. 


Not only in the present research, but also from a general con- 
sideration of the literature, there is a large amount of evidence which 
suggests that passivity is a general property exhibited to various 
extents by all metals under suitable conditions. It therefore seems 
illogical to limit the term, and with it the explanation, to a few 
metals having peculiar electronic configurations which happen to 
exhibit the phenomenon particularly well at the ordinary tem- 
perature. 

The author has previously pointed out (J., 1926, 2885), from a 
consideration of the current density—potential curves for anodes of 
nickel and zinc, and from the existence of periodic phenomena, that 
there is no essential difference between the anodic polarisation of 
these two metals. All the evidence appears to support the con- 
clusion that passivity produced by anodic polarisation and by 
purely chemical means is the same phenomenon, that it is the result 
of the formation of a film of oxidised material, and that it is exhibited 
to different degrees depending on the protective properties of the 
film under the particular conditions prevailing. 


The Formation of Visible Films in Anodic Passivity. 


When Evans succeeded in isolating a normally invisible film on 
passive iron, difficulty was experienced in reconciling the fact with 
some observations made by the present author on the anodic passiv- 
ation of iron (loc. cit.). The experiments showed that immediately 
before passivation of the electrode a visible film * appeared on the 


* In the previous publication it was suggested that the observation of this 
visible film was entirely new. Professor W. J. Miller, of Vienna, has pointed 
out to me that he had observed its formation earlier (Z. Elektrochem., 1924, 


80, 401). 
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electrode and was thrown off as soon as evolution of oxygen started. 
This effect could be particularly well shown through the periodic 
phenomena when certain current densities were used. It was thus 
shown that the iron was without a visible film whilst passive, and 
acquired a visible film every time it became active. Clearly, the 
visible film is not the protective film responsible for passivity. 

The facts can be reconciled completely by taking the following 
view of the nature of anodic polarisation. When an iron anode is 
dissolving in dilute sulphuric acid, there will be a certain critical 
current density above which sulphate ions are discharged more 
quickly than they can be replaced by diffusion. At this point, 
some hydroxy] ions will be discharged simultaneously. In addition, 
since hydrogen ions are repelled from the anode, the hydroxyl-ion 
concentration in the layer of liquid immediately contiguous to the 
anode willincrease. The net result of these effects is the production 
of oxide or basic salt at the surface of the anode. Since sulphate 
ions are still being discharged, the film will not be continuous and 
thus, in virtue of its non-protective nature, will attain visible thick- 
ness. The relatively thick film will have the effect, however, of 
raising very greatly the effective current density at those areas of 
the electrode left uncovered. Consequently, at some isolated spots 
the discharge will consist mainly of hydroxyl ions, giving a per- 
fectly continuous oxide film. Once this protective film has formed, 
itis immaterial whethersulphate ions or hydroxy] ions are discharged 
at its surface, for either will produce evolution of oxygen. Although 
the thin, invisible film cannot then grow in thickness, it will extend 
sideways, rapidly covering the whole electrode. At this stage, 
oxygen is evolved at the surface of the invisible film, causing the 
discontinuous visible film to be thrown off the electrode. 

This view is supported by experiments which have been carried 
out on the influence of speed of rotation of the anode on periodic 
electrochemical passivity, and it is hoped to communicate the results 
shortly. 

Meanwhile, an almost identical suggestion as to the réle of the 
visible film has been published by W. J. Miiller (Monatsh., 1927, 
48, 61, 559; Miiller and Noack, ibid., p. 293), who differs from the 
present author, however, in supposing that the high effective 
current density caused by the partial covering of the electrode 
produces a change in the nature of the metal itself, to which passivity 
is due rather than to a protective film. Miiller arrived at this view 
from a consideration of the time effect in passivation, and it is 
noteworthy that the same conclusions regarding the preliminary 
processes of electrochemical passivity have been reached by each of 
us from different points of view. 
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Summary. 

Reproducible values for the lowest concentration of nitric acid 
necessary to passivate electrolytic iron can be obtained if care is 
taken to ensure that the iron passes rapidly through the liquid 


surface, which has an activating influence. = 
When passive iron is whirled at 3000 r.p.m. in nitric acid of this lee 
concentration it becomes active after a short induction period. me a 
This is shown to be in accordance with the oxide-film theory, the nels 
induction period representing the time for removal of the film, but is dinit 
at variance with the theory advanced by Smits. on h 
When passive iron in concentrated nitric acid is heated, dissolution J 4. 
of the metal begins at 74-5—75-5°, independently of the concentra. § .. 
tion of the acid. dhyll 
Freshly ignited ferric oxide is not appreciably dissolved by con- ‘vel 
centrated nitric acid until this temperature is reached, and it is {2 : 
shown that this temperature does not represent an allotropic —_ 
change in the metal. The 2 
Other metals can be passivated by nitric acid at lower tem- ing se 
peratures; ¢.g., at —11° copper becomes passive in concentrated 
nitric acid and is covered by a visible oxide film when in this state. Et 
Periodic phenomena were observed in the activation of passive D 
iron, both by increase of temperature and by cathodic polarisation. 
It is concluded that passivity produced by anodic polarisation and § \, 
by purely chemical means is the same phenomenon, that it is the § ) . 
result of the formation of a film of oxidised material, and that itis J kt 7 
exhibited to different degrees, depending on the protective properties (Ns 
of the film under the particular conditions prevailing. 
A theory of the mechanism of anodic polarisation is advanced. =. 
The author is much indebted to Mr. U. R. Evans, M.A., for the ™ 
gift of electrolytic iron, and to the Research Fund Committee of the lp 
Chemical Society and the Trustees of the Dixon Fund of the Univer- ape 
sity of London for grants which have assisted the research. ts 
BEDFORD COLLEGE (UNIVERSITY OF LONDON), nitric 
REGENT’s Park, N.W. 1. [Received, February 27th, 1928.] 527). 
2-nitre 
: ier 121, 8 
CXXVITI.—Some Dinitroethylbenzenes. 
By Oscar L. Brapy, JAmgs N. E. Day, and P. S. ALLA. 
THE present work is preliminary to an investigation of the nitration ¥ ‘ : 6 
of p-ethyltoluene and similar compounds which is being undertaken § * ey 
with the view of ascertaining the relative ortho-directing influence Ber ‘ 


of the various alkyl groups. The most convenient way of orienting 
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the substituents in the nitroethyltoluenes seems to consist in the 
oxidation of one alkyl group and the elimination of carbon dioxide 
from the resulting acid, leaving either nitrotoluenes or nitroethyl- 
benzenes. 

The early work on the Jatter compounds is not entirely satis- 
factory, but the investigations of Cline and Reid (J. Amer. Chem. 
Soc., 1927, 49, 3150), to whose paper reference may be made for 
an account of previous work, have removed much of the uncertainty 
regarding the properties of o- and p-nitroethylbenzene. Of the 
dinitro-compounds, only the 2 : 4- sea has been described and 
we have now prepared the 2:3-, 2:5-, 2: 6-, and 3: 5-dinitro- 
ethylbenzenes, the compounds which were likely to be of importance 
in cohnexion with the other investigation. 2 : 6- and 3 : 5-Dinitro- 
ithylbenzenes were prepared by the removal of the amino-group 
fom 2 : 6-dinitro-4-aminoethylbenzene, prepared by the reduction 
i2: 4: 6-trinitroethylbenzene, and from 3 : 5-dinitro-4-aminoethyl- 
enzene, prepared by the nitration of p-acetamidoethylbenzene. 
The 2 : 3- and 2 : 5-dinitroethylbenzenes were prepared by the follow- 
ing series of reactions : 


Et 


Et 


—>- Os 
NO, aac J, 


NHAc 


In the nitration of I as oll a deadateo, the 2 : 3-di- 
nitro-compound is the chief product of the reaction in all cases, but 
a greater proportion of the 2: 5-dinitro-compound is formed if a 
mixture of sulphuric and nitric acids is used instead of fuming 
nitric acid alone (compare Brady, Day, and Rolt, J., 1922, 121, 
5327). The same behaviour has been observed in the case of 
)-nitro-4-acetamidotoluene (compare Scott and Robinson, J., 1922, 
121, 844; Page and Heasman, J., 1923, 123, 3235). 


EXPERIMENTAL. 


: 6-Dinitroethylbenzene—Ammonium sulphide (29 c.c. of a 15% 
«Bi was added slowly with frequent shaking to a solution of 
2:4: 6-trinitroethylbenzene (5 g.) (compare Schultz and Sander, 
Ber., 1909, 42, 2634) in boiling alcohol (30 c.c.), and the mixture 
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was then boiled for 30 minutes and filtered hot. On cooling, the 
filtrate deposited crystals (m. p. 160—165°). The solid residue 
was repeatedly extracted with boiling 2N-hydrochloric acid until 
the extract no longer gave a precipitate on the addition of ammonia, 
The extracts were neutralised with ammonia and the precipitate 
(m. p. 170°) obtained was crystallised, together with the above- 
mentioned crystals, from alcohol, giving 2 : 6-dinitro-4-aminoethyl- 
benzene in golden-yellow needles, m. p. 175° (Found: N, 19-9. 
Calc.: N, 19-9%). Schultz and Sander (loc. cit.) give m. p. 110° 
for. this compound. 

A solution of 2 : 6-dinitro-4-aminoethylbenzene (2 g.) in a mixture 
of absolute alcohol (40 c.c.) and fuming sulphuric acid (10 c.c. 
containing 20% SO,) was warmed on the water-bath, and dry 
sodium nitrite (6 g.) added in small quantities. After heating for 
15 minutes, the pasty mass was diluted with water and distilled in 
steam. The volatile 2 : 6-dinitroethylbenzene, isolated by means of 
ether, crystallised from alcohol in colourless plates, m. p. 57-5° 
(Found: N, 14-7. C,H,O,N, requires N, 14-3%). The compound 
was oxidised with boiling fuming nitric acid to 2 : 6-dinitrobenzoic 
acid, which was converted into the methyl ester; both acid and 
ester were compared with specimens prepared from 2 : 6-dinitro- 
toluene. 

2-Nitro-4-acetamidoethylbenzene.—Ethylbenzene (21 g.) was added 
slowly to a mixture of nitric acid (28 c.c., d 1-42) and sulphuric 
acid (60 c.c., d 1-8), kept at 50—60°. The whole was heated on 
the water-bath for 30 minutes and cooled, and the liquid 2 : 4-di- 
nitroethylbenzene was separated, washed with water, dissolved in 
boiling alcohol (10 g. in 30 c.c.), and treated with successive small 
portions of ammonium sulphide (70 c.c. of a 15% solution). After 
boiling for 30 minutes, the solution was filtered and cooled, the 
dark oil obtained was converted by concentrated hydrochloric acid 
into 2-nitro-4-aminoethylbenzene hydrochloride, and this was 
washed with ether to remove oily impurities and reconverted into 
the base by grinding with 2N-sodium hydroxide. The base (10 g.) 
was boiled for a few minutes with acetic anhydride (20 c.c.), and 
the cooled solution poured into water; the 2-nitro-4-acetamido- 
ethylbenzene obtained, after crystallisation from benzene and light 
petroleum, melted at 111° (Found: N, 13-6. Calc.: N, 13:5%). 
Schultz and Sander (loc. cit.) give m. p. 100—101°, and Cline and 
Reid (loc. cit.), 110°. 

Nitration of 2-Nitro-4-acetamidoethylbenzene.—The acetamido- 
compound (10 g.) was added slowly with stirring to a mixture of 
nitric acid (20 c.c., d 1-42) and sulphuric acid (20 c.c., d 1-8), kept 
helow 30°, After 30 minutes, the solution was poured into a large 
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excess of water, and the precipitate was collected as rapidly as 
possible, washed free from acid with much ice-cold water, dried at 
room temperature, and dissolved in boiling glacial acetic acid 
(40 c.c.). The solid which separated on cooling, after one further 
crystallisation from glacial acetic acid, gave 2 : 3-dinttro-4-acet- 
amidoethylbenzene in long, white needles, m. p. 143° (Found: N, 
166. Cy 9H,,0;N, requires N, 16-6%). The mother-liquor from 
the above was diluted with much water, the precipitate hydrolysed 
by heating on the water-bath for an hour with 45% sulphuric acid 
30 c.c.), and the solution cooled and partly neutralised with 
1N-sodium hydroxide. The precipitated mixture of amines (m. p. 
31—92°) was crystallised from the minimum quantity of boiling 
acohol. The crystals which separated (m. p. 120°), on further 
eystallisation from alcohol, gave 2 : 5-dinitro-4-aminoethylbenzene 
s red prisms, m. p. 125° (Found: N, 19-9. C,H,O,N, requires 
¥,19:9%). A mixture of about equal quantities of this compound 
and 2: 3-dinitro-4-aminoethylbenzene (m. p. 121-6°) melted at 
i—93°. 

2 : 3-Dinitroethylbenzene.—2 : 3-Dinitro-4-acetamidoethylbenzene 
was hydrolysed by heating on the water-bath with 45% sulphuric 
acid; 2: 3-dinitro-4-aminoethylbenzene separated on cooling and 
ater two crystallisations from dilute alcohol it was obtained in 
golden-yellow needles, m. p. 121-6° (Found: N, 20:1. C,H,O,N, 
requires N, 19-9%). A solution of this compound (3 g.) in a mixture 
it absolute alcohol (50 c.c.) and fuming sulphuric acid (15 c.c. 
ontaining 20% SO,) was warmed on the water-bath, and dry 
vdium nitrite added in small portions with stirring. On distillation 
vith steam 2 : 3-dinitroethylbenzene passed over ; it crystallised from 
dilute aleohol in white needles, m. p. 585° (Found: N, 14-4. 
(,H,0,N, requires N, 14-39%). The compound (0-4 g.) was boiled 
under reflux with potassium dichromate (2 g.), sulphuric acid 
(l0 c.c.), and water (10 c.c.), and from the cooled, diluted solution 
tther extracted 2 : 3-dinitrobenzoic acid, which was compared with 
‘specimen prepared from 2 : 3-dinitrotoluene. The methyl ester 
vas prepared by boiling the acid (0-5 g., obtained from either of 
the above sources) under reflux for 2 hours with methyl iodide and 
try silver oxide (1 g.). The excess of methyl iodide was distilled 
of, and the ester extracted with hot methyl alcohol. On cooling, 
methyl 2 : 3-dinitrobenzoate separated in white plates, m. p. 134° in 
both cases (Found : N, 12-6. C,H,O,N, requires N, 12-49%). 

2: 5-Dinitroethylbenzene, obtained, in the same way as the 
?:3-compound, from 2 : 5-dinitro-4-aminoethylbenzene, separated 
tom dilute alcohol or light petroleum in yellowish-white crystals, 
n. p. cre | (Found: N, 145. CgH,O,N, requires N, 14-3%). 

KK 
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This compound was oxidised to 2: 5-dinitrobenzoic acid, which J ,,, 
was compared, and also its methyl ester, with specimens prepared CX 
from 2 : 5-dinitrotoluene. 

3 : 5-Dinitroethylbenzene.—For the preparation of 3 : 5-dinitro. 
4-aminoethylbenzene the method of Paucksch was followed (Ber,, 


1884, 17, 769). Ethylbenzene was mononitrated, and the product he 
reduced with tin and hydrochloric acid. Distillation in steam of f 
the acid mixture removed a considerable quantity of unchanged " 
nitro-compound, which was probably mainly o-nitroethylbenzene, 2 
since this compound is reduced with difficulty (Cline and Reid, a 
loc. cit.). The crude amine (11 g. from 32 g. of ethylbenzene) “a 
obtained by distillation in steam of the solution after being made is 
alkaline, was accordingly comparatively rich in p-aminoethy)- dlect 


benzene. Paucksch separated the two amines by crystallisation ss the 
of their acetyl derivatives from water, but we were unable to Th 
achieve this satisfactorily. The mixture of amines (50 g.) was ky] 
acetylated with acetic anhydride and a few drops of concentrated * 
nr Aare . %- ; ‘ yy OUy 
sulphuric acid, and the mixture poured into water. The oily solid 

: and } 
produced, isolated by means of chloroform, became pasty after sad ( 
some days and was then pressed on a porous tile. The solid residue 


(20 g.) was added in small quantities to fuming nitric acid (200 c.c,) oe 
at — 6° to — 10°. The solution, after being kept in the freezing a 


mixture for 35 minutes, was poured into ice-water and the precipitate ff . ie 
obtained was washed with water and crystallised from alcohol, ¢) th: 
giving 7 g. of 3 : 5-dinitro-4-acetamidoethylbenzene, m. p. 182—183'§ ie 
(Found: N, 16-7. Cale.: N, 166%). Hydrolysis of this com § y.. 
pound with 50% sulphurie acid gave 3: 5-dinitro-4-aminoethyl § ., tha 
benzene, m. p. 135° (Found : N, 20-1. Cale.: N,19-9%). Paucksch Toes 
(loc. cit.) gives m. p.’s 182° and 135° for the acetyl and amino- 
compounds, respectively. 

The amino-group in 3: 5-dinitro-4-aminoethylbenzene (2:8 g,) 
was removed by diazotisation and treatment with boiling alcohol. 
By distillation in steam and crystallisation from light petroleum 
3 : 5-dinitroethylbenzene (1-5 g.) was obtained as large, yellow plates, 
m. p. 41° (Found: N, 14-4. C,H,O,N, requires N, 14-3%). 

3: 5-Dinitroethylbenzene (0-9 g.) was boiled under reflux for 3 
hours with potassium dichromate (3-5 g.) and 50% sulphuric acid 
(30 c.c.). From the diluted solution, ether extracted 3 : 5-dinitro- 
benzoic acid, which, after crystallising from very dilute alcohol, 
was compared with an authentic specimen; the methyl esters also 
were compared. 


carrie 


Be 
Methyl] 
Ethyl . 
n-Propy 
Buty] 
Amy] 
ome 
n-Hepty 
nOctyi 
n-Cetyl 
8Prop) 
Buty 
e.-But; 
ert.-But 
#e.-Octy 


Tue Rapa Forster LABORATORIES OF ORGANIC CHEMISTRY, 
UNIVERSITY COLLEGE, LONDON. [ Received, February 22nd, 1928.] The . 
Ipatiox 


Ss. BENZOIC ESTERS AND’ ELECTRONIC AFFINITIES OF RADICALS. 983 


CXXIX.—Benzoic Esters and Electronic Affinities of 


ared 

Radicals. Part I. 
itro- By AuMaD ZAKI. 
Ber., 


As a consequence of Robinson’s ideas on orientation (Chem. and Ind., 
1925, 44, 118, 563; J., 1926, 401, 1655), benzoic esters with alkyl 
or aryl radicals, repelling electrons more than the hydrogen they 
replaced in benzoic acid, should produce quantitatively, on nitration 
for instance, less m-compound than the free acid, whereas those 
attracting electrons should produce more of it. Nitration of 
benzoic esters, and estimation of the proportion of the m-isomerides 
afford a convenient auxiliary method for the estimation of the 
dectron affinities of various groups, methyl benzoate being taken 
as the standard of reference. 

The present paper records the results of an investigation of the 
ikyl benzoates. There is plenty of evidence to show that a methyl 
goup has a smaller hold on electrons than a hydrogen atom (Lucas 
ad Moyse, J. Amer. Chem. Soc., 1925, 47, 1459; Lucas, Simpson, 
ad Carter, bid., p. 1462). It was accordingly anticipated (a) that 
as one ascended the series, normal alkyl benzoates would give, on 
uitration, a smaller percentage of the m-isomeride, (b) that aliphatic 
radicals with a branched chain would produce less m-compound than 
anormal-chain radical with the same number of carbon atoms, and 
) that the nearer the branching in the alkyl group to the benzoyl 
wwidue, the smaller would be the percentage of the m-isomeride. 

Nitrations were first carried out at 25°, but with branched esters 
at that temperature nitric acid caused some decomposition with the 
fomation of oxides of nitrogen. The nitrations were therefore 


min0-F -arried out at 0°, with the following results. 
° ORC 
‘8 g.) Mi At 0 ° -_ At 25 : : 
cohol. Benzoate. Meta. Ortho + para. Meta. Ortho +- para. 
NE: cvanevesesaupeivad 72-6 27-4 69-7 30:3 
lew Rel 69-9 30-1 66-3 33-7 
ates, Bi-Propyl ............0 71-8 28-2 68-6 31-4 
Sipe 67-9 32-1 65-1 34-9 
3 pee eeecee 68-3 31-7 
for 3BiHexyl .......0..0.e-0- 63-7 36-3 
co acidwHeptyl = ...........0... 62-8 37-2 
ae! Gems 60-2 39-8 
MNUTO" Coty] ooo. eeeeeeees 52 (ca.) 48 
cohol, ePropyl OTTEE MIPSY 45 64-1 35-9 
Re 69-4 30-6 
rs also wee.-Butyl .......002ce008 65-2 34:8 
eert.-Butyl ..........c.000 59-4 40-6 
REMOVE. .cecsacocences 59-4 40-6 


The results clearly agree with (b) and (c) above, but the anti- 
lpation (a) concerning the normal chains is evidently not verified 
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in the precise manner defined. The percentages of the m-isomeride 
obtained for the normal-chain benzoates are plotted in Fig. 1 as 
ordinates against the number of carbon atoms in the alkyl group as 
abscisse. 

The “general effect” due to a straight aliphatic saturated 
radical is the sum of the effects of all the carbon atoms it contains 


Fie. 1. 
Nitration of n-alkyl benzoates. Fig. 2. 
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transmitted by electrostatic induction throughout the length of the 
chain (Allan, Oxford, Robinson, and Smith, J., 1926, 405; Lewis, 
J. Amer. Chem. Soc., 1916, 38, 762; Thomson, Phil. Mag., 1923, 
46, 496; Lowry, Trans. Faraday Soc., 1923, 18, 293). According 
to the laws of electrostatic induction the further a carbon atom is 
removed from one end of the chain the less is its effect felt at that 
end. The curve anticipated for the normal alkyl benzoates * 
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plotted in Fig. 1 would on these assumptions be expected to slope 
downwards continuously with the lengthening of the chain, the slope 
diminishing as the series is ascended. Now the dotted line joining 
the middle points on the straight lines forming the zigzag curve in 
the figure, Stark’s “ form line ”’ of the curve (Z. anorg. Chem., 1921, 
119, 293), has a definite continuous downward slope indicating the 
fundamental truth of the above conceptions. According to Pauly 
(Z. anorg. Chem., 1921, 449, 271) and Miiller and Shearer (J., 1923, 
123, 3156) the alcoholic carbon chain has a uniplanar zigzag con- 
figuration. Fig. 2 would therefore represent the configuration of 
the carbalkyloxy-group in the benzoic esters. Carbons numbered 3 
and 5, including the hydrogen atoms they carry, would fall more 
within the field of influence of the carbonyl oxygen, whereby 
neutralisation of affinities through space occurs, than carbons 2 and 
, While affinities are being transmitted in the normal way through 
the bonds of the chain, neutralisation of affinities on the odd carbons 
night proceed to such a degree as to absorb the greater part of the 
former transmission. As the chain lengthens further, the additional 
arbon atoms, both in the even and in the odd positions, would be 
very nearly equally out of the sphere of influence of the carbonyl 
goup and bond transmission alone would be felt, and alternation 
disappears. 

Another factor which would make the above steric influence still 
nore pronounced is the effect of distribution of the electric charges 
vithin the chain. According to Thomson (loc. cit.) the replacement 
dia hydrogen atom by a different atom or group is equivalent to the 
introduction of an electrostatic doublet whose magnitude and signs 
are dependent on the electronic nature of that atom or group. The 
orientation of the signs of the doublets introduced by the successive 
substitution of a methyl group for a hydrogen atom in forming the 
iliphatic chains is represented in Fig. 2. An alkyl group with an 
odd number of atoms would contain an even number of such doublets, 
each pair of which would attract one another, and the angle between 
the carbon linkings in each pair would be smaller than 109° 28’, 
vhich is the angle normally existing in the tetrahedral carbon atom. 
The zigzag structure would fold up closer together inwards towards 
the molecule, at the same time curving slightly round the carbonyl 
goup (Fig. 2, dotted lines). By this means the neutralisation of 
tharges through space becomes more effective at shorter distances 
and more odd carbon atoms are brought within the steric influence 
of the carbonyl oxygen, so that the influence is felt up to the 
i-heptyl ester. Alkyls with an even number of carbon atoms would 
om the other hand have an odd number of doublets, with the result 
that the end unpaired doublet, which occupies a sort of trans- 


986 ZAKI: BENZOIC ESTERS AND 


position with respect to the benzoyl part, would actually lessen the 
folding up of the structure, thus diminishing the steric effect and 
giving a clearer expression to the electronic repulsion as transmitted 
through the bonds. 

Meerwein (Annalen, 1919, 419, 121), studying quantitatively 
the pinacolin transformation of various tertiary glycols, has deter. 
mined approximately the “ affinity demands ” of alkyl groups with 
straight and with branched chains. Taking a group of a great 
affinity demand to mean a group of greater hold on its electrons, 
it is found that his results accord exactly with the results of the 
present work and can be similarly explained. 

After nitration of the esters and hydrolysis of the products as 
described in the experimental part, a method of determining the 
percentage of the m-isomeride in a mixture of the three nitrobenzoic 
acids based on Holleman’s method (Rec. trav. chim., 1899, 18, 267; 
Z. physikal. Chem., 1899, 34, 79) was worked out.* It is more 
accurate than Holleman’s method, which degree of accuracy was 
necessary in the case under consideration in order to detect small 
differences in the orienting powers of the groups. Owing to its 
general usefulness in orientation problems, a detailed account of it 
is given in the practical part. 


EXPERIMENTAL. 


Nitration of the Esters.—Nitric acid (d! 1-517) free from oxides 
of nitrogen was freshly prepared for each nitration. The ester 
(3—4 g.) was introduced during ? hour into the nitric acid (12 c.c.) 
at 25° (thermostat) or 0° (ice). After remaining a further ? hour at 
the same temperature, the product was poured on 100 g. of crushed 
ice. The esters separating were extracted three times with 200 c.c. 
in all of ether that had been kept boiling for an hour over sodium and 
then distilled. The ethereal extract was freed from nitric acid by 
twenty washings with water (10 c.c.). The complete removal of 
acid was generally indicated by a small amount of a green colouring 
matter, a by-product in the nitration, passing into the washings. 
The aqueous washings were neutralised, and extracted with two 
quantities of 100 c.c. of ether. The ethereal extract was similarly 
washed several times with small quantities of water to remove a small 
amount of adhering colouring matter. On evaporation of the solvent 
from the combined ethereal extracts, an ester was obtained which 
was free from nitric acid and colouring matter. The aqueous 
washings left no appreciable residue when they were evaporated 
slowly to dryness on a steam-bath. 

Hydrolysis of Nitration Products—Acid hydrolysis at various 

* Completed towards the end of March, 1927. 
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concentrations and temperatures either failed altogether or did not 
effect complete hydrolysis. Cold 50°% caustic potash was effective 
when shaken with the esters of the lower alcohols. With the less 
readily hydrolysable esters, long heating on the water-bath with 10% 
caustic potash was found necessary, some alcohol being added to 
assist solution. Impurities and by-products were then extracted 
with ether (the ethereal extract always contained a small quantity 
of a greenish oily residue whose weight was of the order 10 to 20 mg.) 
and dilute hydrochloric acid was added. The precipitated nitro- 
henzoic acids were extracted very thoroughly with pure ether, and 
the extract was dried over sodium sulphate; on evaporation of the 
solvent a solid mixture of the nitrobenzoic acids was obtained in a 
slightly damp condition. This was kept at 50° at the pump for 
2 hours, then in a vacuum over a mixture of solid sodium hydroxide 
and calcium chloride for 3 days. Though dry, it still occluded 
traces of alcohol and ether, so it was ground to a fine powder and kept 
ina vacuum desiccator for a few days longer. Only after constant 
weight was attained was the mixture considered ready for analysis. 

Before analysis the absence of 3: 5-dinitrobenzoic acid and 
benzoic acid was ascertained, the former microscopically and the 
latter by steam distillation of the products and artificial mixtures 
containing this acid, the acidity of the distillates being compared. 
In addition the amount of nitrogen present was determined by 
Pregl’s micro-method, the correct percentage being obtained except 
in the case of the nitration product from cetyl benzoate. 

Analysis of a Mixture of Nitrobenzoic Acids.—The mixture (0-7000 
g.) together with pure o- and p-nitrobenzoic acids (3-0000 g. and 
)-2000 g., respectively) was introduced into a bottle of about 250 c.c. 
capacity with exactly 175-0 c.c. of pure distilled water, a volume 
which is a little more than sufficient to dissolve all the m-nitrobenzoic 
acid expected to be present. With the omission of the mixture a 
control bottle of the same capacity was similarly filled. Both the 
analysis and the control bottles were rotated for 3 days at about 50 
revolutions per minute in a thermostat, electrically controlled and 
kept at 25-00° + 0-02°, and containing a minimum and a maximum 
thermometer to register any deviation in the temperature when the 
thermostat was not watched. At the end of that time the bottles 
were placed upright in the thermostat for 2 hours to allow the 
contents to settle, and 25-0 c.c. were drawn out from each bottle 
in the manner described below and titrated against N/40-baryta. 
Rotation was then continued for another day and the solutions were 
again titrated. The two titrations gave identical results within the 
error due to burette readings. A mean was taken of each and the 
difference between the two means represented the amount of 
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m-nitrobenzoic acid present in 25 ¢.c. of solution, and the whole tel 
amount of meta in the 175 c.c. was caloulated. However, the presence § jn di 
of the m-nitrobenzoic acid in the analysis bottle causes more of the J penz 
o-isomeride to dissolve than in the control bottle (Holleman, loc. cit.), ¥ jurir 
To correct for this, a graph was plotted from results of analyses § work 
carried out on artificial mixtures in exactly thesame way as described, J requi 
the amounts of meta found being plotted against the amounts found § (fou 
in excess. The nitration products also contained slight excesses of § of th 
acidity whose origin could not be traced with certainty. To correct §  n-/ 
for this, 2-000 g. of pure m-nitrobenzoic acid were added to each of § the a 
the two bottles directly after the former titrations and the whole prod 
procedure was repeated once more. The differences in the titres J p-] 
represent foreign acidity and had to be allowed for. hexyl 

Tt is essential to rotate the bottles for the time prescribed. When Cale. 
rotation lasted only 2 hours, unsaturated solutions were produced. sec 
This is in agreement with the experience of Paul (Z. physikal. Chem., @ «ter: 
1894, 14, 110), that solutions of nitro- and similarly substituted Cet 
benzoic acids required from 3 to 4 days for saturation. In order to H¥ {nna 
draw clear solutions a small glass tube about 10 mm, in diameter § it can 
and 15 mm. in length was drawn out at one end to simulate the 9 It wa 
narrow end of the standardised pipette, to which it was attached by § nixti 
a small piece of thin pressure tubing. Before the pipette was fj ano 
dipped in the solution, this inverted funnel was stuffed with three 
short layers of clean cotton-wool, each being more tightly packed The 
than the one below it. 

The baryta solution (VV /40) was drawn by suction into a well- 
standardised 100 c.c. burette capable of holding more than is THE 
required by any one titration and with a scale reading accurately 
to 0-01 c.c. and a thin outlet delivering drops of not more than 
0-03 c.c. This method of analysis should theoretically give results 
accurate within +. 0-3%. In practice, repeated determinations of 9X. 
the same mixtures, artificial and otherwise, under standard con- 
ditions gave results agreeing within + 0:3%. Holleman’s original 
method claims an accuracy of + 1%. 

Most of the esters are already described in the literature. sec.- lost 
Butyl benzoate. Equivalent quantities of benzoyl chloride and alcohol § in Gri 
were heated under reflux for 4 hours, a little moist powdered calcium ss the 
carbonate was added, and the heating continued for a further 4 §:tomi 
hours. From 16 g. of alcohol, 30 g. of ester, b. p. 148—151°/50 mm., {throu 
were obtained (yield, 75°). meast 

n-Amyl benzoate. The alcohol was heated with benzoyl chloride borat 
for 5 hours. B. p. 138—139°/15 mm. (Found: C, 75-1; H, 83. @Table 
Cale.: C, 75-0; H, 83%). The ester was prepared by Blaise and recent 
Picard (Ann. Chim. Phys., 1912, 25, 261), but not analysed, colum 
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tert.-Amyl benzoate. Into a boiling solution of sodium (3-4 g.) 
in dry tert.-amyl alcohol (50 g.), a mixture of newly distilled methyl 
benzoate (20 g.) and tert.-amyl alcohol (26 g.) was introduced in drops 
during an hour. After boiling for another hour, the product was 
worked up in the usual manner and fractionated at 22mm. The ester 
required was collected between 127° and 128° (yield, 17 g.; 60%) 
(Found : C, 75-2; H, 8-5. Cale.: C, 75-0; H, 83%). The nitration 
of this ester, however, proved a failure owing to decomposition. 

n-Hexyl benzoate. Equivalent quantities of benzoyl chloride and 
the aleohol were boiled very gently for 5 hours. The yield of crude 
product exceeded 70%. B. p. 200—202°/100 mm. 

n-Heptyl benzoate. This was prepared in the same way as the 
hexyl ester. B. p. 216—217°/100 mm. (Found: C, 76-5; H, 9-3. 
(ale.: C, 76-4; H, 9-1%). 

sec.-Octyl benzoate. Same preparation as in the two previous 
sters with similar good yield. B. p. 218—219°/100 mm. 

Cetyl benzoate, After the preparation of the ester (Becker, 
dnnalen, 1857, 102, 221) it was purified by distillation at 9 mm.; 
iteame over steadily between 300° and 301° without decomposition. 
Itwas, however, difficult to separate all the cetyl alcohol from the 
nixture of nitrobenzoic acids obtained, and the result of analysis 
an only be taken as a very approximate one. 


The author wishes to thank Professor R. Robinson and Dr. O. L. 
brady for their kind interest in this work, and the authorities of 
lhiversity College for facilities for carrying it out. 


THE RALPH ForsTER LABORATORIES OF ORGANIC CHEMISTRY, 
UNIVERSITY COLLEGE, LONDON. [Received, January 28th, 1928.] 


(XXX.—The Parachor and Chemical Constitution. 
Part IX. Boron Compounds. 


By JoszrpH JOHN ErripcE and SaMvEL SUGDEN. 


Most of the atomic parachors so far studied are those of elements 
in Groups IV to VII of the periodic table. The parachor of boron 
8 therefore of special interest since its value will show whether 
atomic parachors, like atomic volumes in the solid state, pass 
through a minimum value at carbon. For this reason we have 
measured the surface tension and density of methyl and ethyl 
borates; the parachors obtained from these data are recorded in 
Table I together with that of boron trichloride calculated from the 
teeent measurements of Mills and Robinson (J., 1927, 1823). The 
‘umn headed =[P] gives the sum of the atomic constants except 
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TABLE I. 
[P] obs. = [P]. Boron. 
PRUE ORAS ooo io. So hoc eceveesesee ces 243-7 228-3 15-4 
Mibyl borate «065 c..1isseve- svcd dese, 363-1 345-3 17-8 
BOPOD ICDIOTIAS . os. ccceibccesccecetecsess 178-8 162-9 15-9 


Mean 16-4 


that of boron, which is obtained by subtracting =[P] from [P] obs, 
The three values obtained are in satisfactory agreement in view of 
the fact that they are found from the difference of two much larger 
quantities, any errors of measurement being magnified considerably, 
The mean value, 16-4, shows clearly that atomic parachors pass 
through a sharp minimum at carbon. An approximate value for 
lithium is given by the measurements of Jaeger (Z. anorg. Chem. 
1917, 101, 1), and it is hoped shortly to complete this series by 
measurements on compounds of beryllium. 
Li. Be. B. C. oO. F. 
ca. 50 — 16-4 4:8 20-0 25-7 
In the course of this work it was found that methyl alcohol ani 
methyl borate form a mixture of maximum vapour pressure which 
boils at 55° and contains 30% of the ester. 


EXPERIMENTAL. 


The chief methods which have been employed for the preparatioy 
of boric esters are : (i) the action of boron trichloride on the alcohd 
(Ebelman and Bouquet, Annalen, 1846, 60, 251); (ii) the action 
boric anhydride on the alcohol under pressure (Schiff, Annaler, 
1867, Suppl. 5, 158; Copaux, Compt. rend., 1898, 127, 719): 
(iii) the distillation of anhydrous borax with the alkyl potassium 
sulphate (Rose, J., 1856, 574; Frankland, Annalen, 1862, 124 
132); (iv) the action of the alcohol on the mixed anhydride of 
boric and acetic acids (Pictet and Geleznov, Ber., 1900, 33, 2221) 
The fourth method is recommended by Beilstein, but we mad 
several unsuccessful attempts to prepare the esters in this way 
The crude product of the action of methyl alcohol on the mixe 
anhydride was found to be a ternary mixture of methyl alcohol 
b. p. 65°, methyl borate, b. p. 69°, and methyl acetate, b. p. 57 
from which we were unable to obtain the pure ester by repeate 
fractionation. The separation was complicated by the occurrenct 
of the constant-boiling mixture of methyl alcohol and methy 
borate described below. The method is also of little value for thé 
preparation of the ethyl ester, b. p. 117°, which cannot be separate 
by distillation from the acetic acid, b. p. 118°, set free when thi 
ester is formed. Pictet and Geleznov do not mention these diffi 
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culties and it is probable that the methyl and ethyl esters which 

n. they describe were not pure substances. 

The method by which the pure esters were finally obtained was a 

| modification of that of Schiff and Copaux (occ. cit.). At first excess 

7 of boric anhydride was used, but this appeared to give a product 

| obs (probably metaboric ester) which decomposed during distillation. 

»§ = Methyl borate. 70 G. (1 mol.) of boric anhydride and 100 g. 

(3 mols. + 5%) of methyl alcohol, dried over aluminium amalgam, 

ably. 4 te placed in a pressure bottle which was closed and shaken 
‘| vigorously to prevent caking of the anhydride. The bottle was 


} pass 

he heated at 120° in an oil-bath for 12 hours, and the contents on 
hen distillation gave a 68% yield of crude ester, b. p. 55—65°.. The 
‘ie by crude product was then fractionated and the fractions were analysed 


by decomposing a weighed amount with water and titrating the 
liberated boric acid with alkali in the presence of glycerol, bromo- 
jhenol-blue being used as indicator. The crude ester contained 
0% of Me,BO,; it was placed over freshly ignited calcium chloride 
] anda for 24 hours to remove some methyl alcohol and then fractionated 
which through a 2-foot-column filled with glass beads. It soon became 

evident that methyl alcohol and the borate form a mixture of 

constant boiling point and maximum vapour pressure. This was 

isolated and found to contain only 30% of the ester and to boil at 
ratiog™ 55°. Small amounts of the alcohol can therefore be separated from 
lcohof™ the ester by distillation. The course of the separation is shown by 
ion of the scheme below. 


nalen, Crude ester, b. p. 55—65°, treated with CaCl, and distilled. 
719): } | ——_—_—_, 
— Fl, 54—64° F2, 64—66° F3, 66—68° 
124 (32% ester). (94% ester). (97% ester). 
ide of 
2221) bulked 
made 
way eR ; pe ae 
By F4, 58—66-5° F5, 66-5—67-8 F6, 67-7—68-5° 
mixe( (neglected). (neglected). (98% ester). 
— Further fractionation with separation of small fractions of lower boil- 
). 


ing point gave the following figures : F7, b. p. 68-2—68-7°, 99% ester : 
F8, b. p. 68-5—68-7°, 99-4% ester; F9, b. p. 68-6—68-7°, 99-6%, 
Tren“ ester; and F10, b. p. 68-7°/765 mm., 99-9% ester. The physical 
nethy# constants given in the literature for this ester vary considerably : 


oeate 


_ Boil Densi g 
ili int ensity at 0°. 
arate ie oiling point. it} 
2° (Ebelman). 0-940 (Schiff). 
en thd 65° ‘Schiff, 0-919 {Glaseelin). 
> difig 55—56° (Gasselin). 0-955 (Ebelman). 


68-7°/765 mm, (present authors). 60-9547 (present authors). 


y 
2 
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It is evident that Gasselin’s product was the constant-boiling mixture 
and not the pure ester. 

Ethyl borate. This substance was prepared in a similar manner 
and was more easily purified. The crude ester was obtained in 
76% yield, and fractionated after treatment with calcium chloride. 
A constant-boiling mixture was not observed, and a few distillations 
gave a product, b. p. 117-2°/740 mm., which was found to contain 


99-9% ester. The constants quoted in the literature for this ester 
are in much better agreement: 
Boiling point. Density at 0°. 
120° (Schiff). 0-887 (Schiff). 
119-5° (Copaux). 0-886 (Ghira). 
117-2°/740 mm. (present authors). 0-8864 (present authors), 


The surface tensions of these esters were measured by the method 
of maximum bubble pressure (Sugden, J., 1922, 124, 858; 1924, 
125, 27). As the esters are very readily hydrolysed, a long tube 
coated internally with phosphoric oxide was used to dry the air 
entering the bubbler. The density of the liquid, D, was deter. 
mined in sealed tubes by means of carefully calibrated floats. The 
vapour density, d, was calculated by the method described in an 
earlier paper (J., 1925, 127, 1540). The parachor was obtained by 
the formula P = My'*/(D — d), where M is the molecular weight 
and y the surface tension in dynes/cm. 

Methyl borate, C,H,O,B, M = 104-0. Densities determined: 
D}}* 0-9205; D?* 0-8981; whence Di. = 0-9547—0-00141t. 


NES a oa eee eee Ae 15° 33°5° 52° 
Reece doh eeotscseursvaenaaneuens 22-66 20-50 18-00 

D—d 09330 0-9062 0-8792 

Le el, re 243-2 244-2 243-6 Mean 243-7 


Ethyl borate, C,H,;0,B, M = 146-0. Densities determined: 
D\ 0-8746; Di 0-8546; Di 0-8264; whence Di = 0-8864 — 
0-00115¢. 


ee > a 15° 35-5° 50° 64° 

i Staion spepesceniar 21-80 19-52 18-02 16-60 

ps EE, GL) RRB 0-8691 08452 0-8282 0-8118 

Parachor ......... 363-1 363-0 363-2 363-1 Mean 363-1 


One of us (S. S.) is indebted to the Research Fund Committee of 
the Chemical Society for a grant which has partly defrayed the 
cost of this investigation. 


BIRKBECK COLLEGE (UNIveRsITY oF LONDON), 
Ferrer Lang, E.C. 4. [Received, February 25th, 1928.) 


carrie 
adl-y 
is exc 
tartré 
pure 
inocu 
asym 

Su 
every 
recor 
gives 
at firs 
from 
the o 
prese 
of eit 

In 
consi 
enon. 


3.] 


A FURTHER CASE OF THE SPONTANEOUS RESOLUTION, ETC, 993 


CXXXI.—A Further Case of the Spontaneous 
Resolution of Externally Compensated Mizxtures. 


By LronarpD ANDERSON and Dovetas WiLLiAM HILL. 


4s long ago as 1852 Pasteur (Ann. Chim., 34, 46) observed that a 
encentrated solution of inactive ammonium hydrogen malate first 
deposited, on evaporation, crystals which resembled the active salt 
in form. This observation was confirmed by van ’t Hoff and 
Dawson (Ber., 1898, 31, 528), who showed the crystals to consist of 
amixture of 3 parts of ammonium hydrogen /-malate with 1 part 
of the d-salt, thereby indicating that a partial resolution of the 
inactive malate had occurred. Malic acid has also been resolved 
by crystallisation of inactive ammonium molybdomalate (Darmois 
nd Périn, Compt. rend., 1923, 176, 391). Examples of the spon- 
tmeous resolution of sodium ammonium racemate have been 
reorded by Gernez (Compt. rend., 1866, 63, 843), Ostromisslensky 
(Ber., 1908, 41, 3035), and Kipping and Pope (J., 1909, 95, 103). 
Inactive lactic acid has been resolved by Purdie (J., 1893, 63, 1143), 
tho inoculated concentrated aqueous solutions of its zinc ammonium 
salt with crystals of the active salt. Werner (Ber., 1914, 47, 2171) 
las shown that inactive co-ordination compounds of cobalt and 
chromium also may be resolved into their active antipodes by 
imilarly inoculating super-saturated aqueous solutions. 

The most complete investigation of the effect of inoculation was 
arried out by Ostromisslensky (loc. cit.), who showed that on seeding 
adl-mixture with an isomorphous substance, one or other antipode 
isexclusively precipitated. For this purpose he used, besides active 
tartrates and malates, /-asparagine, which caused crystallisation of 
pure sodium ammonium d-tartrate. He also showed that the 
inoculating crystals need not be optically active or even possess an 
asymmetric atom. 

Such well-defined results, however, have not been obtained by 
every investigator. For instance, Darmois and Périn (loc. cit.) 
record that inoculation of solutions with a crystal of known sign 
gives very variable results. Kipping and Pope (loc. cit.) too, who 
at first attributed the crystallisation of sodium ammonium d-tartrate 
from the racemate to the presence of undetected d-tartaric acid in 
the original racemic acid, afterwards drew the conclusion that the 
presence of dust in the atmosphere was sufficient to cause deposition 
of either one or other of the isomerides. 

In view of the problems which these observations raise, it was 
considered of interest to put on record a new instance of this phenom- 
tnon, namely, the spontaneous resolution of atropine sulphate. 
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Atropine is prepared commercially by racemisation of the naturally 
occurring /-hyoscyamine and the commercial product is frequently 
faintly /-rotatory. On crystallising this racemised atropine sulphate 
from absolute alcohol several times, hyoscyamine sulphate of 
[«]p -- ca. 14° was obtained regularly, and on further crystallisation 
of collected crops of this specific rotatory power a hyoscyamine 
sulphate of [«], + ca. 20° was produced. When the resolution 
was carried out in a works laboratory in which /-hyoscyamine had 
been racemised, the crop was almost invariably levorotatory 
(Table II), but when it was carried out in another laboratory in 
which the first experiment had shown a predominance of d-sulphate 
in the product of several crystallisations the proportion of crops 
containing an excess of /-hyoscyamine sulphate was considerably 
decreased (Table III). It is essential to employ a well-dried alcohol 
for the resolution, and in most cases we have used 99-5% alcohol. 
In some cases in which the alcohol was not specially dried, little 
resolution took place (Table IV). 

In order to determine whether this resolution of atropine sulphate 
was due to traces of optically active material present in it or not, a 
quantity of partly synthetic atropine sulphate of certain inactivity 
was prepared from synthetic tropic acid and this behaved precisely 
similarly to atropine sulphate prepared by racemisation of /-hyoscy- 
amine, for after five crystallisations from absolute alcohol it gave a 
product having [«], + 14°. The results therefore support Kipping 
and Pope’s view that these cases of spontaneous resolution are due, 
not to undetected traces of an optically active variety, but to 
inoculation from the atmosphere. 

Attempts were also made to effect a separation of atropine sulphate § 
by using a mixture of ethyl acetate and methyl alcohol as solvent, 
but the original material was unaltered after several crystallisations. 
Unsuccessful attempts were also made to resolve homatropine 
sulphate with 99-5°%% and absolute alcohol as solvents; atropine 
oxalate, with water and 80% alcohol; atropine alkaloid, with 
benzene; and tropic acid, with 995% alcohol. The specificity of 
the phenomenon appears to indicate a particular solubility relation- 
ship. The final product is different from the original, being much 
less hygroscopic and less soluble in alcohol. It crystallises well 
without scratching from five to six times its weight of solvent and 
does not exhibit the same tendency to form super-saturated solutions 
—a peculiarity which appears to be common to all the cases of 
spontaneous resolution so far examined. 
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EXPERIMENTAL. 


Crystallisation of Atropine Sulphate from Alcohol.—Atropine 
sulphate previously dried at 100° was crystallised from twice its 
weight of alcohol, and the crystals obtained were collected by means 
of a pump and immediately recrystallised without drying. Crystal- 
lisation, which was on all occasions sluggish, was assisted by cooling 
in ice-water and vigorous scratching of the super-saturated solution 
with a glass rod. After several crystallisations this became unneces- 
sary, Since the later crops were less soluble and crystallised well on 
standing in a desiccator. The mother-liquor from each crystallis- 
ation was precipitated separately with either acetone or ether, the 
final crop of crystals and the precipitates being dried at 100° and 
their rotatory powers in 10% aqueous solution determined. 

Experiment A.—Atropine sulphate (25 g.) (m. p. 189—190° and 
|2]) — 0-25°) was crystallised as described above six times from 
absolute alcohol. A final crop (2-1 g.) was obtained with m. p. 201° 
and [x], + 15-43°, corresponding to 59% excess of hyoscyamine 
sulphate. 

Table I gives details of the crops from the mother-liquors. 


TABLE I. 


Wt. of alcohol Wt. of ppt. from M. p. of [a]p of 
used (g.). mother-liquor (g.). ppt. ppt. 

50 8- 192° —3-93° 

40 “f 193 —4-79 

35 3 190 +2-50 

30 . 192 +1-46 

20 § 193 +7-82 
10 . 193 — 


w 
r 
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The results of a number of similar experiments carried out under 
conditions in which the presence of inoculating particles of the 
levo-salt was to be expected are in Table II and of experiments 
carried out in a separate laboratory in Table III. 

The irregular results shown in Table IT are due to the presence of 
varying small amounts of moisture in the alcohol used. In the 
experiments shown in Table ITI, only absolute alcohol was employed. 
The effect of using commercial absolute alcohol which had not been 
specially dried is shown in Table IV. 

Fractional Crystallisation of Atropine Sulphate.—Atropine sulphate 
(200 g.) previously dried at 100° was dissolved in warm 99-5% alcohol 
(750 g.) and crystallised under a bell-jar. The fraction (a1) 
obtained was recrystallised from 700 g. of alcohol, and the crystallised 
portion (a2) again filtered off. Meanwhile, the mother-liquor 
(M L 1) from the first crystallisation was precipitated by the addi- 
tion of ether, and this precipitate (b) was crystallised from the 
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TaBLeE II. 

Wt. of Percentage 
atropine [a], of excess of 
sulphate Initial No. of final 1-hyoscyamine 

Exp. used (g.). [a]p. crystns. product. sulphate. 
B 25 —3-2° d — 14-73° 57 
Cc 25 3:2 5 — 14-76 57 
D 25 — 0-45 6 — 4-60 18 
E 25 — 0-46 8 — 11-50 45 
F 50 — 0-46 8 — 19-50 75 
G* 25 —0-40 8 + 9-25 36 
H* 25 —0-80 10 — 8-30 32 
I 100 —0-30 10 — 475 19 
J 25 —4°75 5 — 13-40 52 
K 25 — 0-45 5 — 16-85 65 
L 300 0-00 12 — 16-00 61 
M 110 0-00 10 — 9-75 39 


* All the experiments were carried out with atropine sulphate of Boots’ 
manufacture with the exception of G and H, in which Boehringer’s and 
Merck’s products respectively were used for comparison. 


TaBLeE III. 
Wt. of Wt. of Percentage 
atropine [a]p of final excess of 
sulphate Initial No. of final product hyoscyamine 
Exp. used (g.). [a]p. crystns. product. (g.). sulphate. 
N 25 0-00° 5 +14-70° 1-5 57 d- 
O 25 0-00 7 — 13-67 6-2 53 l- 
r* 20 0-00 5 +14-04 1-4 54 d- 
A 25 — 0:25 6 +15-43 2-1 59 d- 


* Synthetic atropine sulphate. 


Experiment A is included here to make clear the increased proportion of 
experiments yielding the dextro-salt. 


TaBLeE IV. 
Illustrating the effect of moisture. 
Wt. of atropine Initial No. of [a]p of final 
Exp. sulphate used (g.). [a]p. crystns. product. 
R 60 —0-46° 8 —1-7° 
S 30 — 0-46 5 —0-7 
‘ 25 — 0-45 5 +4-9 


filtrate of the second crystallisation, yielding a fresh fraction (b 1), 
and a fresh mother-liquor (ML2). This process of crystallising each 
crop from the preceding filtrate was continued until eight fractions 
had been obtained. These were dried and their weights and specific 
rotatory powers are given in Table V. (Determinations of the speci- 
fic rotatory power were made at different points during the crystal- 
lisation, and since fraction b 6 did not crystallise from the mother- 
liquor of a 7, the value obtained for b 4 is included to indicate the 
direction of the rotation). 

Crystallisation of Synthetic Atropine Sulphate.—The atropine 
sulphate was obtained by converting synthetic tropic acid, pre- 
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TABLE V. 
Percentage of 
Fraction. M. p. Wt. (g.). [a]p. hyoscyamine sulphate. 
a8 200° 18 — 13-82° 53 I- 
(b 4) ¢@ ons si (+10-74) (41 d-) 
6 200 19 —13-17 §1 l- 
d5 200 21 +11-48 45 d- 
e 4 201 35 +11-24 44 d- 
is 200 10 —11-69 46 l- 
g2 200 21 — 10-35 40 l- 
hl 198 15 + 9-80 38 d- 
i 191 10 + 2°86 12 d- 


pared by Miiller’s method (Ber., 1918, 54, 252), into acetyltropyl 
chloride, condensing this with tropine hydrochloride, and hydrolysing 
the acetylatropine produced as described by Wolffenstein and 
Mamlock (Ber., 1908, 41, 723). The atropine was converted into 
sulphate and showed no optical activity in a 10° aqueous solution. 
Mter five crystallisations from absolute alcohol, the final crop had 
np. 198° and [a], + 14-04° (see Table III, Exp. P). 

Further Separation of Active Fractions —(a) The levorotatory 
fractions from a number of experiments were collected and dried 
and 25 g. were crystallised from absolute alcohol in the usual 
manner. After six crystallisations, the first three each from 150 g. 
of alcohol and the last three each from 100 g. of alcohol, the final 
crystallised product (8 g.) had m. p. 206° and [«], — 20-58°. 

(b) Similarly, 25 g. of the collected dextrorotatory fractions were 
aystallised each six times from 100 g. of absolute alcohol. The final 
cop (8-5 g.) had m. p. 207° and [«]) + 20-12°. 

The two rotations recorded correspond to an excess of hyoscy- 
amine sulphate amounting to 79% l- and 77% d-, respectively. 

Specific Rotatory Power of the Free Alkaloid.—The most active 
fraction obtained in (a) above, having [«], — 20-58°, was dissolved 
in water, and the alkaloid precipitated by sodium hydroxide. The 
precipitate was well washed with water and dried in a desiccator 
over sulphuric acid : its specific rotatory power in 10% solution in 
%°%, alcohol was [a], — 13-17°. 

The same procedure was adopted also in experiment K, the final 
crystallised product, [«]) — 16-85°, and the crop from the first 
mother-liquor, [«]p + 7-60°, yielding atropine alkaloid with [a], — 
12-:10° and + 5-6°, respectively. 


The authors wish to thank Dr. F. L. Pyman, F.R.S., for his 
advice and Mr. W. H. Sims for carrying out many of the crystallis- 
ations and determinations of rotatory power. 


RESEARCH LABORATORIES, Messrs. Boots PurE Drue Co., Lrp., 
NorrinGcHAM. [Received, February 14th, 1928.] 
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CXXXII.—The Chlorination of Anilides. Part III, Kenori 
N-Chlorination and C-Chlorination as Simultaneous § Sub 


Side Reactions. ° eache 
actual 

By Kennepy JOSEPH PREVITE ORTON, FREDERICK GEORGE Soper, By.chk 
and Gwyn WILLIAMS. y th 


THE conversion of chloroamines into nuclear-substituted anilides, eect! 
thought at one time to be a typical intramolecular rearrangement, jje!!0T° 
has been shown (Orton and W. J. Jones, P., 1909, 25, 196, 233, 305; jpende 
Brit. Assoc, Reps., 1910, 85) to proceed thus : * BO, 5 


hloriz 
_-7 ChArNHAc + HCl. . (a)] 
ArNHAc + Cl,< | Lota 
“> arNClAc + HCl. . . (6)! 


The evidence may be briefly summarised, since it appears to have 
been largely overlooked or disregarded by some authors, and the 
older view, that chloroamines are necessary intermediates in the 
nuclear chlorination of anilides, still finds expression (Francis, 
Chem. Rev., 1926, 3, 274; Francis, Hill, and Johnston, J. Amer, 
Chem. Soc., 1925, 47, 2230; Francis, ibid., 1926, 48, 1637; Mathew 
and Williamson, ibid., 1923, 45, 2574; Porter and Wilbur, ibid. 
1927, 49, 2145; de Lange, Rec. trav. chim., 1926, 45, 19; vais 
Alphen, ibid., 1927, 46, 287, 799). The facts are : S 

(1) Hydrochloric acid is the agent which brings about the “ trans j= 
formation ”’ (Armstrong, J., 1900, 77, 1047) and is, further, the only 


So 
[<) 


a 


= 
Ss 
So 


be 4 
> 
—) 


00-thiosul phate 
« 


T 


substance which so acts (Orton and Jones, loc. cit.). 200 
(2) In solution, an equilibrium is formed, represented by equation 

(1b) (Orton and Jones, loc. cit.; J., 1909, 95, 1456). EB. 
(3) The same proportions of o- and p-chloroacetanilides are 

obtained whether the starting materials are acetanilide and chlorine The 

or N-chloroacetanilide and hydrochloric acid (Orton and Bradfield, positic 

J., 1927, 986; this vol., p. 351). This holds for all three solvents tectab 

examined. i disp 


amine 
in 40% 
as tho 
is an | 
contail 

* Compare Orton, Brit. Assoc. Reps., 1912, 117: ‘‘ Whether a true intrag The 
molecular change is possible under certain conditions has not yet been dis }oth ¢ 
covered, but it must not be supposed that the possibility is excluded.” 

In addition to the references cited, see Brit. Assoc. Reps., 1911, 94; 1912, 
116; 1913, 136; 1914, 105; 1915, 82; also Orton and King, J., 1911, 99g 'gen 
1185, 1369. aroma 


(4) In water and in aqueous acetic acid of less than 65% strength, 
the rate of ‘‘ transformation ” of N-chloroacetanilide is less than the 
rate of nuclear chlorination of acetanilide (Orton and Jones, loc. cit.). 
In water, the rate of “ transformation ” is equal to the calculated 
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ate of formation of chlorine from N-chloroacetanilide and hydro- 
hloric acid (Soper, J. Physical Chem., 1927, 31, 1192). 

Subsequent work has called for no revision of the main conclusion 
eached in 1909. Further confirmation has now been obtained by 
actual measurement of the velocities of the two individual reactions, 
V-chlorination and C-chlorination, in 40% acetic acid. Moreover, 
y the use of a new method of analysis, it is shown that, in the 
eaction between chlorine and anilides, the ratio of the amounts of 
hloroamine and chloroanilide formed at a given moment is inde- 
pendent of the time. Wegscheider’s test (Z. physikal. Chem., 1899, 
80, 593) is thus satisfied, and chloroamine formation and nuclear 
hlorination are therefore simultaneous. 


Fic. 1. Fia. 2. 
700 4:00 - 
g 
= 600 f 3-00 + 
® 
8 
> 5-00 + 
ry 2-00 + 
Z 
be 
1:00 
s 2 1 a 1 1 a 0 € i rT ec 
7 «o.oo © 7 0 0°10 0°20 0°30 
Time (minutes). Time (minutes). 
Expt. 27.—p-Chloroacetanilide. Expt. 93.—A ceto-p-toluidide. 


The position of the equilibrium (Ib) depends greatly on the com- 
position of the medium ; in glacial acetic acid, chloroamine is inde- 
tectable, but as the medium is diluted with water, the equilibrium 
is displaced until, in 50% acetic acid, it lies entirely on the chloro- 
amine side (Orton and Jones, loc. cit.). The position of equilibrium 
in 40% acetic acid thus allows chloroamine formation to be treated 
as though it were an irreversible reaction. 2 : 4-Dinitroacetanilide 
is an exception in that the equilibrium mixture in this medium 
contains a considerable amount of free chlorine. 

The aspiration method for the analysis of mixtures containing 
both chloroamine and free chlorine (Orton and Jones, loc. cit.) has 
heen replaced by one in which the chlorine is removed by a suitable 
teagent, leaving the chloroamine for titration. Acetanilide, 
iromatic ethers, and phenols have been used as absorbers of chlorine, 
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(naturally, already acid) reacting mixture alternately to (a) aqueowsyg 
potassium iodide, which gives the chlorine + chloroamine concep. 
trations, and (b) aqueous p-cresol, which removes chlorine, where. 


upon the chloroamine is determined by addition of potassium iodidgiare li 


and titration. The titres (in c.c. of N/500-thiosulphate) ar 
plotted against time (in minutes) in Figs. 1 and 2. The lowe 
section of the curve in the diagram corresponds to (b) and represent 
the course of the N-chlorination, whilst the upper branch is forme 
from the titres of (a), and its fall shows the extent of C-chlorination 
These curves are used to calculate ky and k, from the equations 


ky + ke = Fae fi log | . pat), ky /ke = y/2, 
where ky and k, are the velocity coefficients of N- and C-chlorinatia 
respectively, and y and 2 are the concentrations (in the same units 
of chloroamine and chloroanilide formed. Owing to the great specif, 
of the reactions, it is not possible to determine experimentally 
large number of points on the curves, but we have found that thal, 
effect of a slight error in drawing the curves is negligible. Th¢ 
results obtained for seven anilides are given in Table I. 


TABLE I, 
Temp., 18° (-- 0-02°). Medium, 40% acetic acid. 

ky. ke. 
o-Chloroacetanilide 286 27°5 
m-Chloroacetanilide . 172 3,140 
P-ACHIOPOMOCUMTTIGS «oon g sco cseeenesccgqeewsasesesog 115 135 
p-Bromoacetanilide 123 116 
Aceto-o-toluidide 140 1,390 


Aceto-p-toluidide 2,540 18,500 
Acetanilide 96 11,000 


The constancy of ky/ke for each anilide throughout the reaction 
is shown by Table II and by the examples of experimental figures 
given below. 


EXPERIMENTAL. 


acid. Acetanilide was sublimed. 

The reaction medium (40% acetic acid by weight, i.¢., 6-90M- 
acetic acid at room temperature) was made up by mixing glacial 
acetic acid, stabilised to chlorine by the method of Orton and Brad- 
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field (J., 1924, 125, 960; 1927, 983), with water purified by distil- 

- withflation successively from chromic acid and from baryta in a modified 
form of the apparatus of Moseley and Myers (J. Amer. Chem. Soc., 
1918, 40, 1409). Velocity measurements made with independently 
prepared specimens of anilide and different preparations of medium 
gave results which were indistinguishable. 

Chlorine. ‘‘ Cylinder” chlorine was washed with water and 
efpassed into 40% acetic acid. Measurements with chlorine solutions 
Ware liable to error through chemical instability of the solvent and/or 
Mrolatility of the solute. Solutions prepared as above were suffi- 

‘ently stable for one hour at 18° and were used as the source of 
hlorine for the reactions. 

p-Cresol. B.D.H. or Kahlbaum specimens were redistilled and 

ed in saturated aqueous solution (0-185). 

Stability of p-Cresol to Chloroamines in Dilute Acetic Acid Medium. 

A saturated aqueous solution of p-cresol was left in contact with 

solutions (in 40% acetic acid) of two chloroamines with widely 
diferent hydrolysis constants (in 20% acetic acid, Soper and Smith, 
his vol.,p.138). In neither instance was there any change in the titre 
obtained after adding potassium iodide solution. 0-01M-N-Chloro- 
acetanilide (hydrolysis constant, 6-7 x 10-7) had an initial titre of 
19-40 c.c. of 1-0.N/100-thiosulphate, and after standing for 30 mins. 
vith 10 c.c. of p-cresol solution, a similar quantity had a titre of 


719-38 +- 0-02 c.c.: 0-005M-N-Chloro-m-nitroacetanilide (hydrolysis 
ostant, 99 x 10-7) had an initial titre of 10-57 c.c. of 0-96N /100- 
hiossulphate, and after standing with 20 c.c. of the p-cresol solution 
for70 mins., the titre was 10-58 c.c. 


Velocity Measurements. 


The initial concentration of chlorine was usually of the order 
11005—0-001.M, and of the anilide 0-:001—0-003M/. The anilide 
vas present in excess in order to avoid complications due to the 
formation of chloroamines of the primary products of nuclear 

lorination (compare Soper, loc. cit.), and the reactions were carried 
wut in the presence of hydrochloric acid to suppress the hydrolysis 
of chlorine (Jakowkin, Z. physikal. Chem., 1899, 29, 613). In 40% 

figuteecetic acid medium, 0-01M-hydrochloric acid was sufficient for this 


0-01—0-10 0-50 10 3°5 
135 (ky = 115) 108 68°3 30°9 
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A 5-5M-standard solution of hydrogen chloride in 40% acetic ac 
was used for making up the required concentration of hydrochlori 
acid in the reaction mixture. In the final experiments, 0-2 c.c, of 
this solution was added to the anilide solution in a 100 c.c. standar 
flask. The chlorine solution was prepared as already described 
When both solutions had attained the temperature of the thermostat 
the reaction was started by running chlorine solution into thé 
anilide from a 5 c.c. pipette, graduated to 0-05 c.c., to fill up to th¢ 
100 c.c. mark (about 3 c.c. were needed). For estimation, the first 
1 c.c. of the chlorine solution was run directly into aqueous potassiur 
iodide. Control experiments showed that an accurate determinatio; 
of the initial chlorine concentration was obtained in this way. 

The composition of the reaction mixture was then determined }j 
transferring portions at noted times to a series of flasks containi 
alternately potassium iodide solution and p-cresol solution. Aftd 
addition of potassium iodide to each cresol flask, the iodine wa 
titrated (titration error, -+- 0-02 c.c. N/500-thiosulphate). Oxidatioy 
of hydriodic acid and consequent masking of the end-point wa 
prevented (a) by passing a stream of nitrogen through the solution 
in the flasks before the experiment for a few minutes and agai 
during titration (Soper, J., 1924, 125, 1899), or (b) by reducing the 
acidity by the addition of freshly prepared sodium acetate solution 
Method (6), which was used occasionally, is only applicable in th 
absence of cresol. 

Times were reckoned from the moment of entry of the first extra 
into the arresting agent and notfrom the time of mixing the reactants 
and were measured by a stop-watch graduated to 0-2 sec.; thi 
timing error was estimated at + 1 sec. (0-017 min.). With reaction 
of the speed measured, escape of chlorine into the atmosphere durin 
pipetting is negligible (compare, in particular, the experiments 6 
Soper, J. Physical Chem., 1927, 31, 1195). The following experimen! 
is given as an example. 

Expt. 27. p-Chloroacetanilide = 0-002424M. Chlorine = 
0-000932M. HCl = 0-10M. Thiosulphate = 1-005N /500. 


Time (min.)... 0 100 1:75 2:53 3-40 450 5-40 6-30 7:10 
Titre (c.c.) ... 7-21 2-58 5-67 3-51 5-00 3:89 459 4-10 4:39 


From the curves constructed with these figures (Fig. 1), we have: 


Time. KI titre. :NCl titre. Diff. % Change. ky + ke. ky [kee 


0 6-45 2-44 4-01 67 0-861 
1:25 5:53 3-26 2-27 76 253 (0-869 
2-25 5-12 3-61 1-51 84 248 ()-868 
4-00 4-69 3-95 0-74 92 251 0-861 
5-25 4:51 4:07 0-44 95 255 0-854 


Mean 252 0-363 
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The reproducibility is shown by the following figures for p-chloro- 
acetanilide. 


Expt. 16. 19. 20. 27. 18. Mean. 
kx + ke 245 247 255 252 250 + 155% 
ky /ke 0-821 0°859 0-866 0-863 0-840 0-850 + 1:7% 


Table II gives the values for the ratio (chloroamine formed)/ 
(chloroanilide formed)—i.e., ky/ke—for four other anilides. Over 
the range accessible to analysis, the ratio is satisfactorily constant. 
Although the reactions are so fast that it is difficult to examine their 
early stages, it may be inferred that ky/k, is constant throughout, 
since values calculated from the initial concentration of chlorine 
agree with those obtained by taking a point in the analysed portion 
of the reaction as starting point. Moreover, special experiments 
with p-chloroacetanilide over the range 10—30% change have 
given a value of ky/k, in agreement with the above. 


TaBLeE II. 
o-Chloroacetanilide. m-Chloroacetanilide. 
Time. % Change. ky /ke. Time. % Change. ky |ke. 
0 49 (6°16) 0 64 0-0543 
2-00 85 10-35 0-100 71 0-0547 
3°10 90 10-52 0-183 76 0-0552 
4:00 93 10-50 0-333 84 0-0553 
5-00 96 10-45 0-500 89 0-0555 
6-50 98 10-50 0-700 92 0-0574 
0-900 94 0-0597 
Mean 10-46 Mean 0-0560 
Mean of 3 expts. 10-40 Mean of 5 expts. 0-0548 
p-Bromoacetanilide. Aceto-o-toluidide. 

0 20 1-10 0 52 0-102 
0-90 40 1-01 0-250 69 0-109 
2-00 58 1-02 0-350 74 0-112 
2-95 68 1-07 0-550 81 0-115 
5-00 84 1-10 0-850 87 0-115 

7-20 91 1-08 
Mean 1-06 Mean 0-111 
Mean of 3 expts. 1-06 Mean of 2 expts. 0-102 


Measurement of the Speed of the Faster Reactions —When the 
reaction speeds were very fast (acetanilide, aceto-o- and -p-toluidides, 
m-chloroacetanilide), the experimental procedure was modified as 
follows. The reactants were mixed very quickly by pouring rapidly 
a large volume (e.g., 196 c.c.) of anilide solution into a small volume 
(e.g., 4 c.c.) of chlorine solution in a beaker flask, both solutions 
being at 18°. The reaction mixture was at once poured alternately 
into the potassium iodide and cresol flasks which had previously 
been weighed with corks. Finally, 5 c.c. of potassium iodide solu- 
tion were run into each of the flasks containing the cresol. The 
flasks were corked and re-weighed and the iodine was titrated. 
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Knowing the density of the reaction medium (determined as 1-050 
at 18°) and the weight of 5 c.c. of potassium iodide solution added 
to each cresol flask, the concentrations of chlorine and chloroamine 
could be calculated. The volume of the reaction mixture was usually 
200 c.c., and about 40 g. were poured into each flask. The times at§* 
which the reaction mixture was tipped out were memorised. 

Control experiments proved that (a) reaction between chloroamine 
and hydrochloric acid in the cresol flasks pending the addition of 
potassium iodide and (b) oxidation of hydriodic acid during the 
second weighing could both be neglected, and further, (c) that 
volatility of the chlorine is not a disturbing factor. 

Although there seems, at first sight, a possibility of considerable 
timing errors, this method gives satisfactory results for reactions 
whose time of half-completion is as little as 10 seconds. _As illustr. 
ation, the results obtained for aceto-p-toluidide are given. In this 
case, owing to the great speed of the reaction, the time of mixing had 
to be taken as zero. 

Expt. 93. Aceto-p-toluidide = 0-001120M. Chlorine = 
0-000259M. HCl=0-01M. Thiosulphate = 1-:39N /500. Vol. of 
reaction mixture = 200 c.c. 


05 ¢. 

SETI) occcsewansee 0 0-100 0-150 0-200 0-250 0-317 diti 
a a 30:96 4888 31-40 37-31 53-09 a 
pe ES ane 1-32 1-09 0-79 0-87 1:26 at 
Cale. titre for 20 c.c.... 3°73 0-90 0-47 0-53 0-49 0-50 Exp 
From the curves constructed with these titres (Fig. 2), we find: [Blloro 
Time. Kl titre. :NCltitre. Diff. %Change. ky -+ ke.  kw/ke. [pm® 
0 3-73 0 3-73 dlutic 
0-080 1-11 0-34 0-77 79 20,000 0-130 itre /f. 

0-100 0-90 0-39 0-51 86 20,500 0-138 tr 
0-150 0-64 0-47 0-17 95 21,900 0-152 nwa 
Mean 20,800 0-140 fBcetan 

Expt. 94.  Aceto-p-toluidide = 0-000956M. Chlorine = 


0:000264M. HCl=0-01M. Thiosulphate = 0-991N /500. Vol. of 
reaction mixture = 250 c.c. 


ma 

Time (min.) ... 0 0-083 0-133 0-167 0-217 0-250 _ 0325 - 
Wis ABD | owrecpees 3252 5804 51:88 28:95 39-21 ‘31-10 FY 4e 
Titre (c.c.) ...... 2-41 1:56 2-40 0-55 152 1-03 
Calc. titre for * Th 

40 C.C. ceseceees 10-66 3-12 1-13 1-95 0-80 1:63 = -1:39- Bchlor 

From the curves : ~ 

Time. Kl titre. :NCltitre. Diff. % Change. ky + ke. kxiko [)°™ 

0 10-66 0 10-66 

0-083 3-12 0:87 2-25 79 22,500 0-116 

0-133 2-19 1-13 1-06 89 22,000 0-133 

0-167 1-95 1-22 0-73 93 20,600 0-140 

0-210 1-73 1:31 0-42 96 20,100 0+147 

Mean 21,300 0-134 
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addeq Lhe other results obtained by this method were : 

Acetanilide (3 expts.), ko = 11,000 + 1-8%; m-chloroacetanilide 
sually 3 expts.), ky + ko = 3310 + 3:5%; aceto-o-toluidide (2 expts.), 
ly + ko = 1530, 1530. 

Determination of ky /ke for Acetanilide.—With this substance, the 
rate of N-chlorination (4, = 96) is small in comparison with the rate 
of C-chlorination (k¢ = 11,000) and cannot be followed in a velocity 
ge the experiment. The ratio ky/k, is determined by using higher con- 
trations of acetanilide and chlorine and measuring the residual 
itre when reaction is complete. A large excess of acetanilide must 

used and precautions are necessary in order to minimise the 
fomation of the chloroamines of o- and p-chloroacetanilides which 
vould give too high a value for ky/k, (Soper, loc. cit.). No con- 
adant results could be obtained until the following procedure had 
wen developed. 

}2 C.c. of a 5-5.M-solution of hydrogen chloride in 40% acetic acid 
mw added to 50 c.c. of the acetanilide solution. After being 
dusted to 18°, a standard solution of hypochlorous acid * in 40% 
wetic acid was run in, drop by drop, from a burette graduated to 
b05 c.c., to the solution, which was stirred mechanically. After the 
2.09 idition, potassium iodide was added and the iodine was titrated in 
1:26 #Muatmosphere of nitrogen. 

Experiments were made with two different specimens of hypo- 
hlorous acid, (A) prepared by the action of chlorine on mercuric 
mide, and (B) by the action of carbon dioxide on bleaching powder 
dition; seven experiments gave for the ratio ky/kg (i.e., residual 


H itte/fall of titre) the value 0-00873 + 1-6°%. The chlorine con- 
152 (gitration was of the order 0-002—0-008M, and the proportion of 
‘140 icetanilide to chlorine was varied from 16/1 up to 52/1. 


One of us (G. W.) wishes to express his thanks to the Advisory 
ouncil of the Department of Scientific and Industrial Research for 
maintenance grant. We desire also to thank the Royal Society 
‘31:10 ja grant which has partially defrayed the cost of this investigation. 


* The interaction between hypochlorous acid and acetanilide to form the 
1:39 [i-chloro-derivative has been measured in these laboratories and found to 
‘slow (unpublished research). 
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CXXXIII.—The Chlorination of Anilides. Part IV 
The Significance of Velocity Measurements ii 
Relation to the Problem of Benzene Substitution, 


By Atan Epwin BrapFIELD and BryNMoR JONES. 


THE quantitative study of the chlorination of anilides (Orton and 
Bradfield, J., 1927, 986; Bradfield, this vol., p. 351) has noy 
been extended to include certain phenolic ethers,* in which th 
para-position is occupied by halogen, nitro-, or carboxy-groups 
The uncertainty in the interpretation of velocity measuremen 
when two positions in the benzene nucleus are attacked is avoide 
by a study of compounds of this type, since chlorine enters only jj 
the ortho-position to the group ‘OR, and, further, the very hig 
rates of reaction of the unsubstituted ethers are retarded by 
p-substituent of this type, and become conveniently measurable a 
20°. The velocity coefficients now described, except for some ¢ 
the values in Table I, relate to the “99% acetic acid’ medium 
(i.e., containing 1 c.c. of water per 100 c.c. of reaction mixture 
previously employed (Orton and Bradfield, loc. cit.) and we 
calculated from the ordinary expressions for bimolecular reactio 


(time in minutes, concentrations in g.-mols. per litre). 

So far as it has yet been examined, the velocity of chlorinatio 
of phenolic ethers increases rapidly with increasing water conte 
of the medium, the increase for an alteration from 1% to 2% 
water being almost as great as for a rise of temperature of | 
(Table Ia). The effect of varying the concentration of hydrochlon 
acid is shown in Table Is. 


TABLE I. 
Chlorination of p-chloroanisole at 20°. 
Conc. of p-chloroanisole = 0-0075 g.-mol. /litre. 
2 chlorine = 0-0075 g.-mol. /litre. 
A. Effect of water in medium. B. Effect of HCl. 99% Acetic acid 
C.c. of HO = Mol. propor- Mol. proportions 
per 100 c.c. tions of HCl. k. of HCl. 
1:32 
2-20 
1-41 
13 1-48 
It is seen from Tables II and III that the velocity coefficients aj 
slightly altered by a change in the relative concentrations of eth 
and chlorine. So far as possible, standard conditions have bet 
employed throughout, in order that the results may be comparabli 


* For a preliminary investigation, which was interrupted by the war, * 
Orton and D. C. Jones, Brit. Assoc. Reps., 1915, 82. 
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though the low reactivity of the p-nitro-ethers necessitated working 
at much higher concentrations than were required for the other 
substances. It is difficult to estimate the absolute order of accuracy 
of the measurements, but with any given substance consistently 
reproducible results could be obtained within about 2%. Each of 
the values quoted is the mean of several determinations. 

Evidence was sought for a possible displacement of the carboxyl 
va group by chlorine in the derivatives of p-hydroxybenzoic acid in- 
@ vestigated (compare Francis and Hill, J. Amer. Chem. Soc., 1924, 
9946, 2498). Examination of the individual values of k& for the 
chlorination of several compounds of this type showed that when 


ide@ the molecular proportion of ether and chlorine was 1:1, there 


was a Slight upward drift as the reaction progressed, which was, 
however, within experimental error. This would be accounted for 
ty the occurrence, to a small extent, of the successive reactions : 


10:C,H,-CO,H —*> RO-C,H,Cl —*> RO-C,H,Cl. The disturb- 
ace is almost entirely eliminated when the initial ratios are 3:1 
a 10:1, and a satisfactorily constant coefficient is obtained. The 
_mareement between the values at the two different concentrations 
. [chows that the results at the lowest concentration (1:1) are not 
sriously vitiated. 

TaB_eE II. 


Velocity coefficients for the chlorination of substances of the types 


Xx 
ROY Xx and Rog» in 99% acetic acid, at 20°. 


Cone. of chlorine throughout = 0-0075 g.-mol./litre (1 mol.). 
Pe hydrochloric acid throughout = 0-0375 g.-mol./litre (5 mols.). 
Conc. of ether 0:0075 0-0225 0-075 
3 10 


Velocity coefficients. 


Group X. 
Cl (p-) 


1118 


Oo 
oo 
«J 
QO 
eo 


0-2104 
4-44] 

8-873 

0-6417 
0-4440 
0-8774 
0-9563 
1-975 

0-9633 
0-3143 
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TABLE III. 


Tl 

Chlorination of substances ROK NO, at 20°. ation 

Cone. of chlorine = 0-02 g.-mol./litre (1 mol. proportion). grou 

» ma = 0-05 ‘ (2-5 mol. proportions). basi 

i ether = 0:20 - (10 mol. proportions). appe 

NE TAG cc cnanscanspecpnavivscintes CH;- C.H;- n-C3H,- Chen 
salichcaes Aisa Dals aladte 5983 6612) Eblor 

Discussion of Results. * Die 

The Introduction of a Second Substituent into a Monosubstituted Leip’ 
Benzene Derivative.—The success of the application of the concept me 
of kinetic activation to bimolecular gaseous reactions (Hinshelwood, by I 
“The Kinetics of Chemical Change in Gaseous Systems,’”’ Oxford, mor 
1926) warrants an examination of its applicability to the probleng *”” 
of benzene substitution, which, it has long been recognised, is nz 
essentially a problem of relative reaction rates. By analogy with’ wt 
the expression for simple gaseous bimolecular reactions, the equationgy "°" 
k = PSZe#'2T may be set up, where H = EH, + EH, represents the me 
energy of activation corresponding to substitution at a particuls i 


carbon atom, Z/2 is the number of collisions between the reacting 
molecules in unit time, and S is a factor (depending on the shape of 
the molecule) representing the probability that the molecules are 
oriented in a manner favourable to reaction at the moment oj 
collision. The idea that the rate of substitution at a given poir 
in the benzene nucleus depends on a “ phase” condition of the 


nucleus is involved in several theories of benzene substitution, and the 
the P term denotes the probability that the phase condition of the yd 
molecules admits of reaction. a @ 


Since, in a monosubstituted benzene derivative, there are tw 
ortho- and two meta-positions, and one para-, 
ko = 2PS8Ze-F0' FT, &,, = 2PSZe-Sw2T, and kp = PSZe-®,/*", 
In the case of a reaction yielding only o- and p-derivatives, k,/k,) =" 
represents the ratio of the total o-compound formed to the tota 
p-compound, at a temperature 7',. If, provisionally, it be assumed 


remain 


Tsom: 
1 
4,1 (0- 


; 4 aa A,B 

that the P and S factors are identical for the two positions, k,/kp = ilo 
, IRI CH yeN 

2e“p-F)'R?, and for two temperatures, 7’, and 7, (HENOS | 


CH, “OH; ( 
{ HCH ( 
(\HyOH: ( 
(.HC0,H 
HYCO, »M 
CH,» CO,E 
“i C 

Cl ( 
Hdl CoC 
x CHCl 
‘ WH, BreO 
a cH, Bree 


2-303 log.) (7;/2) = (#, — H.)/RT,. . . « (I) 
i and 2-303 logy, (7/2) = (Zp — E,)/RT, 
i whence logi (73/2) logy (7/2) = T/T, -§ - - - 
Hence, if r, be known at a temperature 7',, r. for a temperature 1 
may be evaluated. In a similar manner, the ratio o- : m- : p-, for! 
reaction yielding all three isomerides, at any one temperature, Cal 
be calculated from the values at another temperature. 


° 7 
t 2 
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These relations would not be expected to hold (1) for the sulphon- 
ation of aromatic compounds, owing to the migration of the -‘SO,H 
group at higher temperatures, (2) for the substitution reactions of 
basic substances in acid media, (3) for the nitration of phenol (which 
appears to be a complicated reaction: compare Martinsen, Z. physikal. 
Chem., 1904, 50, 385; Arnall, J., 1923, 123, 3111), or for the 
chlorination of toluene, which follows an unusual course (Holleman, 
“Die direkte Einfiihrung von Substituenten in den Benzolkern,” 
leipzig, 1910). Table IV has been constructed by taking all the 
data, not excluded by the above considerations, which are quoted 
by Holleman (op. cit.), mainly from investigations in his own 
laboratories, on the effect of temperature on the proportions of the 
somerides formed by further substitution in mono- and di-substituted 
nzenes, and from the value of r, at one temperature, calculating 
, at a higher temperature, and comparing the results with the 
iserved values. In all cases, the alteration in the proportions of the 
omerides is in the right direction, and of the correct order of 
ngnitude. Although the accuracy of the experimental work of 
Holleman and his collaborators is probably unsurpassed by other 
workers in this field, the exact agreement, in some cases, between the 
observed and calculated values must of course be regarded as 
brtuitous. Nevertheless, the good general agreement appears to 
upport the assumptions involved, and suggests the adoption of the 
wrking hypothesis that the primary factor deciding the proportions 
ithe isomerides formed in aromatic substitution reactions is the 
aergy of activation corresponding to the different positions avail- 
able, and not the phase relationships of the molecule. The question 
if the retention of a “ phase factor,” which is the same for all 
the simultaneous reactions by which the isomerides are formed, 
rmains untouched. 


TABLE IV. 


Proportions. 
Isomerides formed in 
nitration of ; . Proportions. Temp. Found. 
: 73-1 30-1: 69- ‘9 
4: 66-6 37-6: 
41-1: 

cH NO» in HNO, (0- : m-) tf... 54: 93+: 3 8-3: 91- 

(\HyNO, in H,80, (0- : m-) t 8: 93-2 é 6-8 : 91-8 39: 

(EyCH, (0- : m-: . 5-6: 2°7:41- 56-0: 3:1:40-9 56. : 38: 40-2 
(HCH, (0- : m- : 5-6: 2-7: 41: } 5: 4:0:38-5 56- 1 oes 37-7 

Hy H, (0-:m-: 0: 31: 40+ j 57-5: 4:0:38-5 56:3: 5:3: 38-4 

HyCO,H (0- : -4:85-0: 0-6 : 2: eb: Les $2: 797: 11 
yCO,Me (0- : m-: +7 a 2: 3-3 
(HyCO,Et (0- : a) 
wf Cl, (1.2.3 

“CHCl, de : 

: #H,CleCO,H (1,2,é 
"CH,Cl*CO,H (1 
‘ HM Bro 10,H a 

OH Bre CO. 2H 


ao. « 
wae « 
Q-. 9 


“9 


Payee 
SCH SOSSHINIw 


a 


2:1,3,6 
* Holleman, Rec. trav. chim., 1913, $2, 134. 
t+ A small, variable amount of the p-isomeride has not been taken into account. 
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The Introduction of a Third Substituent into a Disubstituted Benzene 
Derivative.-—The problem of calculating the resultant directive 
effects of two groups, present together in the nucleus, from a know. 
ledge of their effects when present separately, can only be approached 
in a tentative manner. In a simple case, such as the nitration of 
o-dichlorobenzene, the nitro-group enters position 6 or 4, o- or 
p-, respectively, to one chlorine atom, and m- to the other. A 
simple hypothesis would be that the energies of activation of 
positions 6 and 4 correspond to the energies of activation of the 
o- and p-positions in chlorobenzene, increased (or diminished) by 
some quantity C due to the presence of a second chlorine atom in 
the nucleus. For chlorobenzene, we have equation (1) above, and 
for dichlorobenzene we have a similar relation qualified by the 
circumstance that there are now two positions ortho and two 
positions para to a chlorine atom : 


2-303 log k'o/k'p = [Zp + C)— (Zo + C)/RT. «. (3) 


and from (1) and (3), 
eee rs 


That this relation will not hold, in general, may be seen from the 
table given by Holleman (op. cit., p. 483), who used (4) as an 
empirical expression. Further, it is easily shown that analogous 
assumptions to those employed above are implicit in Francis’s 
attempt to deal with the cumulative effect of groups (J. Amer. Chem. 
Soc., 1926, 48, 1631), which again does not always lead to 
satisfactory results. 

Nevertheless, the velocity measurements now recorded provide 
some justification for this method of treatment for a series of 
closely related compounds. Neglecting the small variations in 
collision numbers due to differences in molecular weight, for the 
series of compounds p-X:C,H,°OR, where X = -Cl, -CO,H, etc., 
and R = Me, Et, etc., and symbolising the increment in the energy 
of activation, due to X, and X,, of the carbon atom ortho to the 
group OR by £, and £,, we have: 


OC = ot 2WZeLet BRT, okt = Deh +£)/RT 


p-cl = 
OMe E 
CO, = = 2ZeEet+ BRT, [OF in = 2Ze-Es + E/RT, 
Et /J,0OMe __ i) 
whence Ret [Rp ey = Ce BeIV/RP — Ke boya |p So gH 
or, in general, HAE EDM on BE. 


That is, the relative directive powers of two groups ‘OR, and ‘OR, 
as measured by the ratio of the velocity coefficients, should be 


* KOR represents the velocity coefficient for the chlorination of p-X'C,H, OR. 
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independent of the nature of the group X. Table V, in which the 
ratios kY*/kQ™* (multiplied by 100 for convenience) for the ethers 
are tabulated in the four series in which X = p-Cl, p-CO,H, p-NOg, 
ad o-Cl, shows that the present experiments support this con- 
dusion. 

For purposes of comparison, the relative effects of the p-chloro-, 
pcarboxy-, and p-nitro-groups, and of o- and p-chloro-groups, as 
measured by ratios of the type k{™/k,™, are given in Tables VI and 
Vil. Finally, from Table VIII, it may be seen that, although the 
velocity coefficients vary slightly with the initial molar proportions 
of the reactants, by taking the ratios for a pair of substances from 
the two values in the same vertical column of Table II, a constant 
js obtained which is independent of the actual initial molar pro- 
portions. 

From the point of view of modern theories of benzene substitution, 
msiderable interest attaches to these measurements of relative 
drecting power, but further discussion is reserved, pending the 
completion in these laboratories of certain allied investigations. 


TABLE V. 


Relative directive effects of the Laren ‘OR in compounds of the 


types ROC Xx and mS Values of 1OOKX"/ky™. 


CH,:C,H,-NO, 
Me. Et. B, Bu. CH,Ph. (p- ). 
2 70 —_ 


199 225 22: 67 14-2 
he ab Cs 14-4 
CH,-C,H,Cl (p-). CH,:C,H,-NO, (m-). 
39-4 17-2 


TasBLeE VI. 


Relative directive effects of the groups ‘CO,H, -Cl, and -NO, in 
compounds of the type ROC )X. Values of 100K9®/k2% 1. 


-CO,H. Cl. ‘NO,. 
100 276 0-674 
100 278 0-682 
100 288 0-691 
100 272 
100 283 
100 269 
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TaB.E VII. 
Relative effects of o- and p-Cl in compounds of the types 
Cl 
Rog >a and ROC >. 
R= Me. Et. CH,Ph. 
100k /kpe = 362 363 364 
TaBLeE VIII. 


Effect of relative concentrations of ether and chlorine on the ratios 
100% 2%, [0% 


Mol. proptn., 


ether: Cl,, R = Me. Et. rr", Pré, Bu. CH,Ph. 
1:1 100 197 — 444 224 70 
3:1 100 198 215 445 217 71 
10:1 100 199 — — — 68 


EXPERIMENTAL. 


Reference to the earlier paper of Orton and Bradfield (loc. cit.) 
may be made for all details of the velocity measurements not now 
specifically mentioned. The ethers were prepared by standard 
methods from the corresponding hydroxy-compounds and the alkyl 
iodide or benzyl chloride. Small amounts of impurities (1° or less) 
which react slowly or not at all with chlorine do not seriously 
vitiate the velocity determinations, but even traces of impurities 
which are reactive towards chlorine exert a marked effect when 
the proportion of the ether to chlorine is 3:1 or 10:1. The 
materials were therefore repeatedly recrystallised, if solid, or, if 
liquid, submitted to slow fractional distillation under a pressure of 
1—2 mm., until the velocity coefficient for the substance was 
unchanged by further purification. This was taken as our standard 
of purity, and was not always readily attained. Particular diff- 
culty was met with in the case of the p-chloro-ethers, until a 
specially purified p-chlorophenol, supplied by Messrs. The British 
Drug Houses, Ltd., was used as a starting material. 


The authors wish to express their gratitude to Prof. K. J. P. 
Orton, F.R.S., for suggesting the subject, and for helpful advice 
and constructive criticism throughout the research. 


UNIVERSITY COLLEGE oF NortH WALEs, 
BANGOR. [Received, March 1st, 1928.] 
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(XX XIV.—Synthesis of Cyclic Compounds. Part II. 
Ethyl r- and meso-fy-Diphenylbutane-ads-tetra- 
carboxylates. Synthesis of a Truxinic Acid. 

By IsraEL VOGEL. 


Ix Part I (J., 1927, 1986) the synthesis of ethyl Sy-dimethylbutane- 
1488-tetracarboxylate, a substance which should theoretically exist 
ina meso- (I) and a racemic form (II), was described. The separation 


CH(CO,Et), OH(CO,Et), 
.)R=Me RCH ROH (I.) R = Me 
u)R=Ph RCH HOR (IV.) R= Ph 
CH(CO,Et), CH(CO,Et), 


if the two esters (I) and (II) could not be effected owing to the 
yoximity of their boiling points; hydrolysis by alcoholic potash, 
owever, yielded a mixture of the two corresponding stereoisomeric 
ttracarboxylic acids which was separated into two forms, m. p. 
152—154° (decomp.) and 185—185-5° (decomp.), respectively. The 
i-configuration then provisionally assigned to the less fusible 
frm has now been confirmed by the resolution of the acid into 
wptically active components via the strychnine salts, full details of 
vhich will be given in a later communication. 

Treatment of the mixture of esters (I) and (II) with sodium 
uethoxide and bromine gave an almost quantitative yield of the 
wmresponding cyclobutane compound (compare Perkin, J., 1887, 
‘1,1; 1894, 65, 572), in agreement with the requirements of the 
Thorpe—Ingold modified strain theory. 

The investigation of the analogous $y-diphenyl compounds was 
obviously desirable, since it would not only provide a means of 


studying the effect of two adjacent r>c< groups on this 


method of cyclobutane ring formation, but would also lead to a 
tational synthesis of the truxinic acids. Unfortunately, no calcul- 
itions of the value of the angle 6 are at present available, so that no 
predictions of the ease of ring formation can be made on purely 
spatial grounds. It would appear, however, that in addition to 
the “ volume ”’ factor, there is a “ polar ” factor associated with the 
phenyl group which must be taken into account. 

Henle (Annalen, 1906, 348, 16), on reducing ethyl benzylidene- 
nalonate with aluminium amalgam, was able to isolate only ethyl 
tenzylmalonate. Reduction under the conditions previously 
lescribed (Vogel, J., 1927, 594) gave, however, in addition to 50— 


5% of ethyl benzylmalonate, 35—40% of a mixture of two ethyl 
LL2 
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Sy-diphenylbutane-x«58-tetracarboxylates. This mixture was quantit. 
atively separated by means of absolute alcohol (see p. 1020) and 
shown to consist of about 40% of a solid form, m. p. 88°, to which the 
racemic configuration (IV) is assigned, and about 60% of a liquid 
meso-form (III). Hydrolysis with alcoholic potash gave the two 
corresponding tetracarboxylic acids, m. p. 219—220° (decomp) 
and 182—183° (decomp.), respectively. 

Both esters form disodium compounds, the liquid more readily 
than the solid form, on treatment with a suspension of sodium 
methoxide in dry ether. Attempts to produce ring closure by 
means of bromine led to widely different results in the two cases, 
The disodium compound (V) from the solid modification reacted 
with twice the calculated quantity of bromine required for cyclo. 
butane ring formation and gave a nearly quantitative yield of 
ethyl r-a8-dibromo-By-diphenylbutane-a288-tetracarboxylate (VI), a 
crystalline solid, m. p. 180°, the reaction evidently proceeding 
according to scheme (A). This reaction together with the fact that 
the solid yields the higher-melting tetracarboxylic acid may kk 
taken as establishing the dl-configuration of the ester, m. p. 8%. 


CNa(CO,Et), CBr(CO,Et), 
PhCH PhOH 
HCPh + Rs HCPh (A) 
CNa(CO,Et), CBr(CO,Et),. 
(V.) (VI.) 


The disodium compound (VII) derived from the liquid form, on the 
other hand, reacted with the calculated quantity of bromine required 
for cyclobutane ring formation (B), presumably with the formation 


CNa(CO,Et), 
PhCH PhCH—C(CO,Et) 
a, <> 2Et). (B 
PhCH i PhcH—C(CO,Et), ‘) 
CNa(CO,Et), 
(VII) (VIII.) 


of the ester (VIII). Hydrolysis of the product with alcoholic 
potash, which was accompanied by considerable carbonisation and 
the formation of resinous matter, and subsequent heating at 280° 
until effervescence ceased gave an extremely poor yield (less than 
1%) of an acid, m. p. 239°, which was analysed in the form of its 
dimethyl ester, m. p. 117°. There is no doubt that this is the 
cyclobutane acid (LX), since the two @y-diphenyladipic acids, which 
should theoretically possess the configurations (X) and (XI), melt 
respectively at 169—170° and 270°, the dimethyl esters melting at 
73° and 175° (Henle, Joc. cit.). These results were confirmed by 
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it-treating the mixed disodio-compounds derived from the mixture of 
eters (III) and (IV) with bromine: the quantity of bromine 


CH,’CO,H OH,-CO,H 
PhCH—OH-CO,H PhOH PhOH 
PhCH—CH-CO,H PhCH HOPh 
CH,*CO,H CH,CO,H 
(TX.) (X.) (XI.) 


required was equal to that calculated on the assumption that 45% 
y fof the disodio-compound had reacted according to scheme (A) and the 
.Mremainder according to (B). The dibromo-ester (VI), which is 
oly slightly soluble in both ether and water, was precipitated on 
the addition of water, the product of reaction (A), which was identical 
vith that obtained from the meso-form, remaining in the ethereal 
wlution. 

The greater rigidity of structure associated with a molecule 
wntaining a phenyl group is clearly shown by these experiments, 
ince the mixture of ethyl r- and meso-dimethylbutanetetra- 
carboxylates gives an excellent yield of the cyclobutane compound, 
thus showing that inversion must have occurred during ring form- 
ition. This rotation is apparently inhibited for the diphenyl com- 
jounds and the r-dibromo-ester (VI) is produced. 

There are six possible configurations for the 2 : 3-diphenylcyclo- 
butane-1 : 4-dicarboxylic acid (IX), or truxinic acid if the nomen- 
dature of Stoermer (Ber., 1922, 55, 1868) be adopted. Of these, 

on. the Bonly four, the 8-, 8-, ¢-, and neo-acids, have so far been isolated from 

juired § cinnamic acid by additive ring formation (compare Ann. Rep., 1924, 

ration § 21,96). The melting points of these acids and their dimethy] esters 
are respectively 209° (decomp.) and 76°, 175° and 77°, 239° and 116°, 
209° and 127° (Stoermer and Bachér, Ber., 1922, 55, 1865). The 

) properties of the synthetical acid and its dimethyl ester are in 
complete agreement with those which have been described for 
ytruxinic acid and it would appear that they are identical; a direct 
comparison, however, has not yet been possible. 

oholic § The ¢- and 8- and also the 8- and neo-acids are related as cis- and 

n and § trans-acids. 

, 280° | These two pairs of acids are closely allied to the cis- and trans- 

than §2:3-dimethyleyclobutane-1 : 4-dicarboxylic acids described in Part I 
of its fand it appears reasonable to assign, at least provisionally, con- 
s the J figurations to the synthetical acids similar to those deduced for the 
vhich § ttuxinic acids from the work of Stobbe, Stoermer, de Jong, and their 
melt f°0-workers. The configuration (XV) is assigned to the author’s 
ng at fsynthetical diphenyl acid and it appears very probable that cis- and 
d by  'ans-2 : 3-dimethylcyclobutanedicarboxylic acids have configurations 
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similar to (XV) and (XVII). The constitution, analogous to 
(XIII), originally assigned to the cis-acid is now considered leg 
likely than (XV). 


H (XI) 


(XIV.) Ph_“H ‘bon 
= / HOC a 


es 


The very small yield of cyclobutane compounds obtained from thé 
ethyl Sy-diphenyl- in contrast with the excellent yields obtained from 
the unsubstituted (Perkin, loc. cit.) and Sy-dimethyl-butanetetra- 
carboxylates (J., 1927, 1985) illustrates the complexity of the 
problem of explaining the effect of substituents on the ease of ring 


at | 
reag 
shou 
affec 
ring, 
the ; 
heat: 
stabi 
carbe 


formation. Although this is doubtless due to stereochemical; , 


influences such as are postulated by the modified strain theory, thef 


possibility that a polarity factor may play some part must not bef) 


overlooked. No experiments have yet been completed on the effect 
of substituent groups on the stability of cyclobutane rings, but the 
results already recorded in the literature are in complete accord with 
the Thorpe—Ingold theory; for example, Perkin and Simonsen 


(J., 1909, 95, 1164) found that whereas fission of the cyclobutane ring § 


CO,H-CH<6H2sCH-CO,H CO,H-CH<fy1 2 >CH-00,H 
2 2 
(XVIII.) (XIX.) 
H,—CH-CO,H CHMe-CH-CO,H 
CH,—CH-CO,H CHMe:CH:-CO,H 
in cis-cyclobutane-1 : 3-dicarboxylic acid (XVIII) could readily bef 
effected by heating with fuming hydrobromic acid in a sealed tubeg 


(XX.) 


(XX1) 


VOGEL: SYNTHESIS OF CYCLIC COMPOUNDS. PART IT. 1017 


at 100°, cis-norpinic acid (XIX) was attacked neither by this 
reagent at 120° nor by concentrated sulphuric acid at 100°. It 
should, however, be mentioned that the stability of the ring is 
affected by the relative positions of the substituent groups round the 
ring, since it has been shown (Perkin and Simonsen, Joc. cit.) that 
the isomeric unsubstituted 1 : 4-dicarboxylic acid is unaffected by 
heating with fuming hydrobromic acid at 100°. However, in their 
stability towards different reagents, Perkin’s unsubstituted 1 : 4-di- 
carboxylic acids (XX) may be compared with the author’s dimethyl 
homologues (X XI), and it may be expected on the basis of the 
modified strain theory that the difference in stability will not be very 
great but that on the whole (X XI) will be slightly more stable than 
(XX). Itis hoped to test this point in the near future. 

The substances being investigated in this series of researches are 
ill conjugated compounds of the general formula CR,R,:CR5R,, 
where R,,R, are groups or ring systems of very varied type and 
RR, are H, CN, CO,Et, COMe, ete. On reduction with moist 
aluminium amalgam in ether, two simultaneous and also possibly 
consecutive reactions take place, viz., (a) the addition of hydrogen 
to the double bond with the production of compounds (XXII), and 
() the formation of bimolecular compounds (XXIII). Most of the 


- R,R,"CHR,R,y ;xx 
(XXII.) CHR, R,-CHR,R: GRR, 3°“4 (XXIII. 
Mua t CR,R,-CHR,R, | 


eorded cases (compare ethyl ethylidenemalonate, Higginbotham 
nd Lapworth, J., 1923, 123, 1618; Vogel, J., 1927, 1985: mesityl 
ride, Vogel, J., 1927, 594) have shown that the reaction proceeds 
lmost exclusively in the direction (b). ‘The example now described, 
ie. the reduction of ethyl benzylidenemalonate, shows clearly that 
in this instance reactions (a) and (6) both take place, 50 to 55% of 
(XXII) and 35—40% of (XXIII) being formed. The extent to 
which each of these reactions takes place is controlled mainly by the 
poups R,, R,; and it appears that the volume of these groups 
pays an important part, provided of course that R, and R, are 
uitable “‘ activating ’’ groups to enable the reduction to take place 
pt all. It seems that the larger the volume of R,,R, the more 
eaction (a) takes place in preference to (b). This view receives 
support from the fact that ethyl «-cyanocyclohexylideneacetate gives 
bout 80% of ethyl cyclohexyleyanoacetate and 5—10% of a solid 
which is probably of type (XXIII). Full details of this and analo- 
fous cases will be given in a subsequent communication. 

The mechanism of the reduction of unsaturated compounds in 
thereal solution by moist aluminium amalgam adopted by the 
lithor is based on that originally suggested by Higginbotham and 
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Lapworth (J., 1923, 123, 1618). The unsaturated compound is first 
adsorbed on the surface of the metal and reaction takes place at the 
surface, where chemical forces are known to be very powerful. Two 
modes of reaction corresponding to (a) and (6) are possible and may 


be represented as follows : 
(a) M + OR,R,:CR,R, —> MOR,RCR,R, —> 


i eran aaa ines: OR,R,:CR,R, 
and /or M + 2CR iRyiCRsR,” CR,R,-CR,R, 
2H,0 


++ 4 GR RyCHR3Ry . oop. 
M** + Opi CHR,R, | 77H 


This ‘‘ adsorption ’’ theory receives support from the fact that the 
yields of reduction product under otherwise comparable conditions 
are controlled by the thickness, and therefore the surface, of the 
aluminium foil employed in the preparation of the amalgam. 
Further, there is always an initial period of induction and this is 
doubtless associated with the adsorption of the unsaturated com. 
pound. The mechanism suggested by Cohen (Rec. trav. chim., 1919, 
38, 113) involving the initial addition of a hydrogen atom to thy 
carbonyl oxygen with the formation of a tervalent carbon derivativi 
which subsequently polymerises with the formation of a bimolecular 
compound, and also his explanation of the production of the uni- 
molecular reduction product by fission of the bimolecular compound, 
are considered improbable. This mechanism has been adopted by 
Steinkopf and Wolfram (Annalen, 1923, 430, 128) as a general 
explanation of the reduction of unsaturated compounds, although 
these authors assume that the unimolecular compound is produced 
by the reduction of the free radical. The present author’s view is 
that the mechanism of the reduction depends on the nature of the 
reducing agent and that while the “ free radical ” theory may or 
may not hold for other types of reduction (compare Conant and 
Cutter, J. Amer. Chem. Soc., 1926, 48, 1026, who found that mesityl 
oxide is not reduced by vanadous or chromous chloride, the 
operation of another mechanism thus being indicated), all the results 
of experiments on reduction with aluminium amalgam in ethereal 
solution are in complete agreement with the “ adsorption ”’ theory 
outlined above. 


EXPERIMENTAL. 


Ethyl benzylidenemalonate was prepared by condensing freshly 
distilled benzaldehyde with ethyl malonate in the presence of 
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8 first piperidine (Knoevenagel, Ber., 1898, 31, 2585). The pure substance 
at the boiled at 180°/14 mm. and had di?“ 1-1048 and nj* 1-53795 

Two § (supercooled liquid). 

lmay§ Reduction with Moist Aluminium Amalgam. Preparation of 

Ethyl meso- and r-By-Diphenylbutane-a283-tetracarboxylates (III and 

IV).—Ethyl benzylidenemalonate (150 g.) was reduced by moist 

aluminium amalgam (200 g.) (Vogel, J., 1927, 594). The product, 
20H- after being worked up in the usual manner, was fractionated under 
| diminished pressure (water-pump) ; 75—80 g. were collected up to 
‘ 205°/20 mm. (mainly at 174—178°/17 mm.) and the pressure then 
began to fall. The residue (60—65 g.), a dark red, extremely viscid 
mixture of the meso- and r-esters (IIT) and (IV) which partly crystal- 
lised on standing, was distilled (oil-pump) as rapidly as possible, in 
20H & order to reduce carbonisation toa minimum. A very small quantity 
distilled at 245—255°/3 mm. The main fraction, b. p. 255— 
270°/3 mm., an almost colourless, viscid liquid which darkened on 
exposure to the atmosphere, partly crystallised when left over 
caustic potash in a vacuum desiccator for 24 hours. After the 
adhering oil had been removed by draining on tile and trituration 
with absolute alcohol, ethyl r-By-diphenylbutane-x«88-tetracarboxylate 
was obtained in beautiful crystals, m. p. 88° (Found: C, 67:3; 
H,6-8. C,,H,,0, requires C, 67-5; H, 6-9%). 

The meso-ester was isolated as a viscid red oil by extracting the 
porous tiles with ether and was analysed in the form of the corre- 
sponding tetracarboxylic acid (vide infra). 

The fraction of low b. p. obtained from the reduction product, on 
redistillation, gave ethyl benzylmalonate, b. p. 163°/14 mm., 
dq?” 1-0750, n®* 1-4872 (Found: C, 67:3; H, 7-2. Calc.: 
(, 67-2; H, 7:2%), which was hydrolysed by alcoholic potash to 
benzylmalonic acid; this, after crystallising from benzene, melted, 
alone or mixed with an authentic specimen prepared from benzyl 
chloride and ethyl sodiomalonate, at 120° (decomp.). Henle 
| (loc. cit.) gives m. p. 114—115°. 

Hydrolysis of the r-Ester (IV).—A mixture of 5 g. of the solid ester, 
10 g. of absolute alcohol, and 4 g. of caustic potash in 8 g. of water 
was refluxed for 5 hours and then evaporated to dryness. A 

thef solution of the residue in a little water was extracted with ether to 
sultsf remove unchanged ester, if present, and acidified with dilute sul- 
ereal phuric acid, and the precipitated r-acid was washed with water and 
eory# freed from potassium sulphate by dissolution in warm acetone and 
from a small quantity of the meso-acid by washing with dry ether ; 
it then melted at 219—220° (decomp.) (Found: ©, 62:5; H, 4-9; 
shlyf equiv. by titration, 98. C.)H,,0, requires C, 62:2; H, 47%; 
2 off quiv., 96-5). 
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Preparation of the meso-Acid.—The thick oil obtained by ether J; 


extraction of the porous tiles in the separation of the r-ester was 
hydrolysed exactly as described for the r-ester. The meso-acid had 
m. p. 182—183° (slight softening at 172°) (Found: C, 62-2; H, 
4-8%,; equiv. by titration, 97). 

Quantitative Separation of the meso- and r-Esters (III and IV).— 
The redistilled ethyl diphenylbutanetetracarboxylate mixture 
(32 g.) was agitated with about an equal weight of absolute alcohol. 
The r-ester, which rapidly crystallised after several hours, was 
collected and washed with absolute alcohol; further crops were 
obtained by concentrating the filtrate at room temperature under 
reduced pressure until no more crystals would separate. The final 
liquor consisted of practically pure meso-ester. In this way 13 g. 
of the r-ester and 19 g. of the meso-ester (a red viscid oil, weighed 
after being kept in a vacuum over concentrated sulphuric acid fora 
week) were obtained. 

Reaction of the Disodio-compound (V) of Ethyl r-By-Diphenylbutane- 
aad8-tetracarboxylate with Bromine. Formation of Ethyl r-«8-Di- 
bromo-$y-diphenylbutane-««88-tetracarboxylate (V1).—To 0-80 g. of 
‘molecular ” sodium under 100 c.c. of dry ether, 1-45 c.c. of dry 
methyl alcohol were added. When all the sodium had reacted 
(gentle warming was necessary), a solution of the r-ester (IV) 
(8:3 g.) in dry ether (175 c.c.) was added. The disodio-compound 
(V) gradually separated and after 12 hours it was filtered off, washed 
rapidly with absolute ether containing a little absolute alcohol, and 
dried over concentrated sulphuric acid in a vacuum (Found: 
Na, 8-7. C,,H,.0,Na, requires Na, 8-5%). 

In another experiment in which the same quantities were employed, 
the suspension of the disodio-compound inether was stirred mechanic- 
ally, and dry bromine (2-0 c.c.) slowly added; a yellow colour 
indicative of the presence of excess of bromine, which could also be 
identified by its odour, became apparent after 1-90 c.c. had been 
added (calc. according to reaction A, p. 1014, 1-88 ¢.c.). The stirring 
was continued for 3 hours, water was then added, the resultant 
solution filtered, and the residue (4-0 g., m. p. 174°) washed with 
water and with ether; it then crystallised from ethyl acetate in 
colourless, glistening plates, m. p. 180° (Found: C, 51-0; H, 4-9; 
Br, 24:7. C,gHs,0,Br, requires C, 51-2; H, 49; Br, 24.4%). The 
ethereal solution was washed with dilute sodium carbonate solution 
and with water, dried with anhydrous sodium sulphate, and evapor- 
ated. The pale red, viscid residue (7 g.) crystallised almost com- 
pletely when left in contact with absolute alcohol over caustic 
potash in a vacuum desiccator; after being washed with alcohol 
and recrystallised from ethyl acetate, it melted at 180° and was 
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identical with the precipitated solid. No other reaction product 
could be isolated. 

Reaction of the Disodio-compound (VII) of Ethyl meso-y-Diphenyl- 
butane-xa88-tetracarboxylate with Bromine. Synthesis of a 2: 3-Di- 
phenyleyclobutane-1 : 4-dicarboxylic Acid (T'ruxinic Acid) (IX).— 
The disodio-compound (VII) was prepared, exactly as described for 
the r-compound, as a pale yellow solid (Found: Na, 8-6%). The 
quantities employed in a particular experiment were 1-25 g. of 
“molecular ”’ sodium, 2-25 c.c. of dry methyl alcohol, and 12: 7 g. of 
ester in 100 c.c. of absolute ether. The suspension of the disodio- 
compound in dry ether was mechanically stirred and slowly treated 
with dry bromine: excess of bromine was apparent when 1-40 c.c. 
had been added (calc. for cyclobutane ring formation according to 
reaction B, p. 1014, 1-39 c.c.). Water was added after 3 hours’ stir- 
ring, and no solid remained undissolved (compare r-compound). 
After the product had been worked up in the usual manner, 12 g. of 
iviscid, dark red oil remained. This was hydrolysed by heating on 
the steam-bath for 18 hours with twice the calculated quantity of 
etthyl-alcoholic potash, and the solution evaporated to dryness. 
Asolution of the residue in water was filtered to remove carbonaceous 
matter and then cautiously acidified with ice-cold dilute sulphuric 
acid. The precipitated resinous matter was removed by filtration 
and the filtrate was saturated with ammonium sulphate and extracted 
seven times with ether. The ethereal solution, dried with anhydrous 
sodium sulphate and evaporated, yielded a pale yellow, oily solid 
which crystallised almost completely when left in contact with light 
petroleum (b. p. 40—60°). The slightly gummy, hygroscopic solid 
was heated at 280° until effervescence ceased, and the residue was 
fractionally crystallised from acetone; it was thus possible to isolate 
a solid, which melted at 239°. It was found best, however, to 
esterify the product with methyl alcohol and sulphuric acid and 
treat the brown gummy esterification product with large quantities 
of light petroleum (b. p. 40—60°) ; on allowing the latter to evaporate, 
a somewhat oily crystalline solid was obtained. This was drained 
on tile and recrystallised from dilute methyl alcohol; it then 
melted at 117°. By repeating this process with the resinous matter, 
which gradually solidified, obtained on acidifying the alkaline 
solution, further small quantities of the ester, m. p. 117°, could be 
obtained. The total yield of pure ester in one experiment rarely 
exceeded a few mg. (Found: C, 74-0; H, 6:2. C. 9H,.0, requires 
C, 74:1; H, 62%). 

Reaction of Bromine with the Disodio-compounds of the Mixture of 
Ethyl meso- and r-Gy-Diphenylbutane-x«38-tetracarboxylates.—The 
mixture of the esters was converted into the disodio-compounds 
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(2-25 g. of ‘‘ molecular ” sodium, 100 c.c. of ether, 4-00 c.c. of methy] 
alcohol, 22 g. of mixed esters, b. p. 240—265°/3 mm., in 100 c.c. of 
ether). On treatment with bromine excess was just apparent when 
3-65 c.c. had been added [Cale. for reaction (A), 5-00 c.c.; for 
reaction (B), 2-50 c.c.; for 45% of (A) and 55% of (B), 3-63 c.c.], 
On the addition of water the dibromo-compound (VI) was precipit- 
ated, and from the filtrate, which behaved exactly as described 
for the meso-form, a few mg. of the dimethyl ester, m. p. 117°, were 
isolated. 


In conclusion, my thanks are tendered to Professor J. F. Thorpe, 
F.R.8., for his kind encouragement, to the Trustees of the Beit 
Scientific Research Fellowships for a Fellowship, and to the Research 
Fund Committee of the Chemical Society for a grant which has 
partly defrayed the cost of the research. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [Received, December 29th, 1927.] 


CXXXV.—The Constitution of Irigenin and Iridin. 
Part I. 


By Witson Baker. 


THe glucoside iridin * contained in the dried rhizomes of the Iris 
florentina has been carefully examined by de Laire and Tiemann 
(Ber., 1893, 26, 2010), who found that on hydrolysis with dilute 
acid it gave one molecule of glucose and one molecule of irigenin, 
a phenolic substance of empirical formula C,,H,,0,. This com- 
pound gave an impure dibenzoyl derivative by the Schotten- 
Baumann reaction and a so-called diacetyl derivative which readily 
underwent partial hydrolysis with production of a “ monoacetyl- 
irigenin.” Decomposition with aqueous potassium hydroxide in 
an atmosphere of hydrogen gave one molecule of iridic acid (3- 
hydroxy-4 : 5-dimethoxyphenylacetic acid), one molecule of iretol 
(methoxyphloroglucinol), and one molecule of formic acid. These 
authors assigned to it the formula (I). 

The formulation of irigenin by (I) is, however, not justified by 
the experimental evidence, no satisfactory proof being offered that 

* This compound must not be confused with the “ iridin ”’ of the Pharma- 
copeia (‘The Extra Pharmacopeeia,” Martindale and Westcott, 17th ed., 
1920, p. 802), which is a dark brown, powdered resin, obtained by extraction 
of the root of the North American “ blue flag” (Iris versicolor) with 60% 
alcohol. An examination of its constituents by Power and Salway (Amer. 
J. Pharm., 1911, 88, 1) showed that it was entirely lacking in the glucoside 
iridin. 
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the two aromatic nuclei are united through a straight chain of three 
carbon atoms. The essential correctness of the work has been 
borne out by the syntheses of iridic acid by Mauthner (Annalen, 
1926, 449, 102) and of iretol by Kohner (Monatsh., 1899, 20, 928). 
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Bargellini has recently expressed the view (Gazzetta, 1925, 55, 
945) that irigenin should be regarded as a coumarin derivative (II). 


Although such a structure would account for most of its properties, 
including its decomposition by alkali (see Bargellini, loc. cit.; Baker, 
J., 1925, 127, 2351), yet the production of de Laire and Tiemann’s 
dibenzoyl derivative cannot readily be interpreted by this formula 
(de Laire and Tiemann’s diacetyl- and monoacetyl-irigenin are 
referred to later); for (II) should give a tribenzoyl derivative, 
since the hydroxyl group occupying position 5 in coumarins of this 
type (unlike chromones, see below) possesses normal phenolic 
properties (see 5:7: 4'-trihydroxy-4-phenylcoumarin, Bargellini, 
Atti R. Accad. Lincei, 1925, 2, 32; 5: 7-dihydroxy-3-pheny]l- 
coumarin, Bargellini, Gazzetta, 1927, 57, 461; 5:7: 4’-trihydroxy- 
3-phenylcoumarin, Bargellini and Monti, ibid., p. 464). 

It seemed much more probable that irigenin should be represented 
by one of the formule (III) and (IV) as belonging to the isoflavone 


0» MeO O 
4 | 
HOg 8 . ‘ H OH \CH OH 
MeO’ , AO, OMe oF pe se OMe 
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(III.) (IV.) 


(3-phenylchromone) group, two members of which, genistein and 
prunetin, are now known to occur in nature (Baker and Robinson, 
J., 1925, 127, 1981; 1926, 2713). These formule represent irigenin 
as possessing three phenolic hydroxy] groups, one of which, occupying 
position 5 ortho to the carbonyl group, would have very weak 
phenolic properties, not forming an alkali salt in aqueous solution 
and being difficult to methylate with methyl iodide, but which 
would yet give a positive ferric chloride reaction and an easily 
hydrolysable acetyl derivative. Thus the formation of the dibenzoyl 
derivative is satisfactorily accounted for owing to the weakly 
phenolic nature of the hydroxyl group in the 5-position. 

The starting material used in the present investigation was the 
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“ Florentine Orris Root ’’ of commerce, a supply of the finely 
powdered rhizomes being obtained through Messrs. James Woolley, 
Sons and Co., Ltd., Manchester. According to Parry (“The 
Chemistry of Essential Oils and Artificial Perfumes,” 3rd ed., Vol. I, 
p. 92) and other authorities, commercial florentine orris root is a 
mixture of the rhizomes of three species of iris, Iris germanica, Iris 
pallida, and to a lesser extent Iris florentina. It seems doubtful 
whether de Laire and Tiemann’s material consisted solely of the 
rhizomes of the last species, as the florentine orris root has often 
been erroneously assumed to be synonymous with the Iris florentina. 

de Laire and Tiemann give very scanty details for the isolation 
of the glucoside iridin, and the yield is not stated, but it was probably 
poor, as it was necessary to have the preliminary operations carried 
out on the works scale. Attempts to follow their method gave 
only hopelessly bad results, so the problem had to be reinvestigated, 
A satisfactory process for the extraction of iridin has now been 
worked out, and in a large number of consecutive experiments the 
yields averaged just over 0-9°% on the weight of the root. It is 
safe to say that iridin occwrs to the extent of 1% in florentine orris 
root. Irigenin is easily prepared by hydrolysis of iridin with dilute 
sulphuric acid, and is now shown to be dimorphous. The formula 
C,;H,0;(OMe), was confirmed, and the experiments now described 
prove conclusively that irigenin possesses the structure (II1). 

Irigenin very closely resembles the known naturally occurring 
and synthetical members of the isoflavone group. This is evident 
from its reactions with ferric chloride, dilute alkalis and sulphuric 
acid (experimental section), and from its dyeing properties (below). 
The dibenzoyl derivative possesses the properties previously 
described, except that it melts at 155—160° (de Laire and Tiemann 
give m. p. 123—126°, probably an error for 153—156°). The 
substance is impure, but undoubtedly consists essentially of dibenz- 
oylirigenin, since it is insoluble in alkali and gives a positive ferric 
chloride reaction. The ‘‘ diacetylirigenin ’’ prepared as described 
by heating with acetic anhydride and sodium acetate in a sealed 
tube, or more readily by boiling with acetic anhydride under reflux, 
melts, when pure, at 127—128° (recorded m. p. 122°). It gives 
no colour reaction with ferric chloride, and an acetyl determination 
showed it to be triacetylirigenin (disproof of formula I), with which 
the previous carbon and hydrogen determinations agree. The 
‘“* monoacetylirigenin ’’ of m. p. 169° is hence diacetylirigenin, with 
which their analysis agrees, its formation being obviously due to 
the known ready hydrolysis of the 5-acetoxy-group in chromones 
(see 5:7: 4’-triacetoxy-2-methylisoflavone, Baker and Robinson, 
J., 1926, 2716), and it is therefore 7 : 3’-diacetylirigenin. 
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Vigorous methylation of irigenin with methyl sulphate readily 
gives a characteristic irigenin trimethyl ether (V) (disproof of formula 
I). The position of the methoxy-groups in the tetrahydroxy- 
benzene nucleus is proved by decomposition of the ether with 
alkali, whereby 3 : 4: 5-trimethoxyphenylacetic acid and antiarol 
(3: 4 : 5-trimethoxyphenol) are formed. 


0 0 
MeO c OMe HO \gu OH 
Me é—< YoMe HO A OH 
Med WO OMe HO XO OH 
(V.) (VI.) 


Demethylation of irigenin produces the hexahydric phenol (V1), 
which may be termed irigenol. This substance is oxidised with 
extreme readiness in alkaline solution, gives a hexa-acetyl derivative, 
a hexamethyl ether identical with (V), and a crystalline, orange 
oxonium sulphate, C,;H,)0,,H,SO,. The formation of the last 
compound proves that irigenin cannot be represented as a coumarin 
(IT). 

Methylation of irigenin with three molecules of methyl iodide 
and alkali in a sealed tube gives irigenin 7 : 3’-dimethyl ether (VIL), 
though with an excess of the reagents the product is a mixture of 
(VIL) and the trimethyl ether (V), and under certain conditions a 
third compound, m. p. 154:5°, is produced. This dimethyl ether 


O OH 
(VII.) MeO, ‘Non i (VIII.) 
MeO =e: MeO. ox 
HO CO OMe MeO 


has very weak phenolic properties, being insoluble in sodium hydr- 
oxide solution even on’ warming, a behaviour which is inexplicable 
on the basis of formula (II), and establishes the position of the free 
hydroxyl group. It gives a positive reaction with ferric chloride, 
an acetyl derivative, and by methylation with methyl sulphate in 
methyl-alcoholic solution, irigenin trimethyl ether (V). Decom- 
position with aqueous alkali at 100° in hydrogen gives 3:4: 5- 
trimethoxyphenylacetic acid and 4 : 5-dimethoxyresorcinol (VIII). 
These results prove that irigenin possesses the formula (III), and is 
consequently 5 : 7 : 3’-trihydroxy-6 : 4’ : 5’-trimethoxyisoflavone. 

The position of the glucose nucleus in iridin was established in the 
following way. Methylation of iridin in methyl alcohol with an 
excess of diazomethane gave a resinous, methylated glucoside ; this 
on hydrolysis yielded an irigenin dimethyl ether, possessing normal 
phenolic properties, which reacted readily with methyl sulphate 
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to give irigenin trimethyl ether (V). Decomposition with alkali 
gave the same products as were given by its isomeride (VII), namely, 
3:4: 5-trimethoxyphenylacetic acid and 4 : 5-dimethoxyresorcinol 
(VIII). This substance must therefore be irigenin 5 : 3’-dimethyl 
ether (IX), and the glucoside iridin hence has the constitution (X) 
with the glucose nucleus in the 7-position. 
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The 5:6: 7-structure of the tetrahydroxybenzene nucleus in 
irigenin is similar to that occurring in a few other natural products, 
the flavones scutellarein (see Bargellini, Gazzetta, 1919, 49, ii, 47) 
and baicalein (Shibata, Iwata, and Nakamura, Acta Phytochim., 
1923, 4, 105), the salts of the anhydrobenzopyranol base carajuretin, 
and probably the flavonol quercetagetin (Chapman, Perkin, and 
Robinson, J., 1927, 3015). The position of the glucose nucleus in 
iridin is the same as is probably occupied by the sugar nucleus in the 
flavone glucosides (Tasaki, Acta Phytochim., 1925, 2, 129), and 
lends support to the view, first suggested to the author by Professor 
R. Robinson some years ago, that in the isoflavone prunetin the 
methoxy-group occupies position 4’, and not position 7 as originally 
proposed by Finnemore (Pharm. J., 1910, 31, 604). 

The dyeing properties of irigenin are very similar to those of the 
naturally occurring flavones, and of the isoflavone genistein 
(prunetol) in particular. Irigenin gives on woollen cloth mordanted 
with aluminium, tin, chromium, and iron, very pale yellow, exceed- 
ingly pale yellow, light yellowish-olive, and chocolate-brown colours, 
respectively. Iridin, with aluminium and tin mordants, gives 
almost the same colours as irigenin, but iron-mordanted wool is 
dyed a much paler brown, and with chromium mordant a paler, 
greyish-olive is produced. Addition of powdered chalk to the dye- 
bath gives brighter shades. Irigenol is a much more powerful dye 
than either iridin or irigenin, as might be expected from the fact 
that it contains two pyrogallol groupings. With the above-men- 
tioned mordants it gives light yellow, bright yellow, yellow-brown, 
and olive-black colours, respectively. 

Synthetical experiments in connexion with irigenin are in progress. 


EXPERIMENTAL. 


Iridin (X).—Powdered orris root (1 kg.) is boiled under reflux 
for 4 hour with alcohol (2 1.), and the extract filtered while hot 
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from the residue of starch, which is well pressed down and drained. 
The pale brown extracts from two experiments are distilled until 
the residue boils frothily (volume about 300 c.c.); it is then poured 
into a stirring jar. On standing, or preferably on seeding and 
stirring from time to time, the glucoside slowly separates, giving a 
thick, crystalline paste. After at least 48 hours alcohol (200 c.c.) is 
added and the mixture stirred for about 10 minutes; then, after 
standing, the glucoside settles to the bottom of the vessel and the 
dark brown, supernatant, alcoholic solution is poured off. The 
glucoside is again stirred with alcohol (200 c.c.) and the process 
repeated with a further quantity of alcohol (100 c.c.), and then with 
ether (100 c.c.). ‘The mixture consisting of iridin and a large 
amount of glucose usually clots together after the first washing with 
alcohol and the mass may then have to be worked by hand. The 
very thick, pale yellowish, viscous material is stirred with water 
(250 c.c.) until the glucose dissolves, leaving a milky white suspension 
of the iridin, which is filtered, washed thoroughly with cold water, 
and dried on the steam-bath, whereby it acquires a very slight 
yellow colour. The yield of this almost pure glucoside from 2 kg. 
of the powdered rhizomes is about 18g. The iridin may be recrystal- 
lsed from a large volume of alcohol, or, better, from 50% methyl 
alcohol. 

An alcoholic solution of iridin develops with a trace of ferric 
chloride a somewhat intense, dull reddish-violet colour, changing to 
dull olive-green with excess. It dissolves in concentrated sulphuric 
acid to a yellow solution which, on heating to 100°, rapidly darkens 
and chars, and iridin is thus easily distinguished from irigenin, whose 
pale yellow solution is unaltered under these conditions. 

Irigenin (II1).—Iridin (30 g., not recrystallised), water (35 c.c.), 
alcohol (45 c.c.), and concentrated sulphuric acid (3 c.c.) are heated 
in a pressure flask at 100° for 5 hours with occasional shaking. 
The product is poured into a mixture of alcohol (200 c.c.) and water 
(100 c.c.), boiled with charcoal, filtered, and treated again with 
charcoal after addition of water (100 c.c.) (compare de Laire and 
Tiemann). The filtrate slowly deposits yellowish crystals (about 
l7 g.), and a further small quantity separates on dilution of the 
mother-liquor. By recrystallisation from hot, dilute alcohol 
iigenin is first deposited in very pale yellow, almost rectangular 
plates, m. p. 185° (Found*: C, 59-9; H, 4-5. Calc. for C,.H,,0, : 
(,60-0; H, 4-4; 3MeO, 25-8%), and later in tiny bunches of pointed 
needles having the same melting point (Found*: C, 59-9; H, 4-6; 
MeO, 243%). The plate form crystallises unchanged from alcohol, 
but gives the needle form on recrystallisation from either dilute 
alcohol or dilute acetic acid. Irigenin gives a ferric chloride reaction 
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similar to that of iridin. Its non-fluorescent solutions in dilute 
aqueous sodium hydroxide and concentrated sulphuric acid are 
very pale yellow, and on dilution of the latter the colour is discharged 
and irigenin separates unchanged. 

Benzoylation of Irigenin.—An alkaline solution of irigenin was 
shaken with excess of benzoyl chloride below 15°, and the oily 
product fractionally precipitated from warm benzene by the addition 
of ligroin. The first dark portion was rejected and then a colourless 
oil and a flocculent material separated, which were dissolved in 
much hot alcohol. On cooling, flocks separated and on the first 
appearance of crystals the solution was rapidly filtered; it then 
deposited colourless, compact, stellar bunches of tiny needles, 
m. p. 155—160° with previous softening [Found : C, 66-0; H, 4-2. 
Calc. for C,,H,,0,(COPh),: C, 67-6; H, 4:2%]. This product 
is insoluble in caustic alkalis and gives an olive-green colour with 
ferric chloride in alcoholic solution, and is doubtless a mixture 
consisting essentially of 7 : 3’-dibenzoylirigenin. Attempts to pre- 
pare an acetyl derivative gave a white, non-homogeneous, crystalline 
powder, m. p. 155—165°, which gave no reaction with ferric chloride. 

Triacetylirigenin.—Irigenin (5 g.) was boiled under reflux with 
acetic anhydride (20 c.c.) for 5 hours. The product, isolated after 
the addition of water and shaking, was recrystallised from dilute 
acetic acid and obtained in tiny, colourless prisms, m. p. 127—128° 
[Found (C and H by de Laire and Tiemann): C, 59-3; H, 47; 
Ac, 26-6. C,,H,,0;(OAc), requires C, 59°3; H, 4:5; Ac, 26-5%]. 
The acetyl estimation was carried out by Wenzel’s method (Monatsh, 
1897, 18, 659) by decomposition with dilute suiphuric acid and 
estimation of the acetic acid. de Laire and Tiemann estimated the 
acetyl groups (Found: Ac, 21:4%) by hydrolysis with dilute alkali, 
and made an approximate correction for the formic acid produced 
by decomposition of the irigenin; this correction, however, was 
certainly too great, as irigenin only slowly decomposes even on 
treatment with concentrated alkali solution. The double compound 
with chloroform prepared by precipitating its solution in chloroform 
with ligroin has an indeterminate composition, since it rapidly 
loses chloroform (Found in freshly prepared substance: Cl, 7:2. 
After exposure to the air for 3 days: Cl, 35%). It melts at 82° to 
a frothy, viscous melt with partial loss of chloroform. 

The “ monoacetylirigenin,’ m. p. 169°, is really 7 : 3’-diacetyl- 
irigenin (Found by de Laire and Tiemann: C, 59:8; H, 47. 
Diacetylirigenin, C.,.H, 0,9, requires C, 59-5; H, 4-5%). 

Irigenin Trimethyl Ether (V).—Irigenin (10 g.) was shaken alter- 
nately with 10% potassium hydroxide solution (200 c.c.) and methyl 
sulphate in small portions at about 60°. The solid which finally 
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separated from the alkaline solution was collected, washed, and 
crystallised from alcohol (charcoal), in which it was easily soluble 
when hot, but very sparingly soluble when cold. After a further 
crystallisation from alcohol, it was obtained in colourless, highly 
refracting prisms, m. p. 163° (Found* : C, 62-8; H, 5-7; MeO, 44-6. 
Cy, Ha90, requires C, 62-7; H,5-5; 6MeO,46-3%). (The methylated 
derivatives of irigenin gave variable and low values for carbon by 
ordinary analytical methods, probably owing to the formation of 
methane—compare Bradley and Robinson, J., 1926, 2361; Oxford 
and Raper, J., 1927, 421—but good results were obtained by micro- 
analytical methods—marked*—carried out at especially high 
temperatures.) As prepared above, and even after many recrystal- 
lisations from ethyl or methyl alcohol, this apparently pure irigenin 
trimethyl ether gives an exceedingly faint ferric chloride reaction. 
By treating its slightly warm solution in absolute methyl alcohol 
with diazomethane it is obtained of the same melting point, but 
now gives no ferric chloride reaction. Thus treated, it shows the 
curious property of turning very faintly brown on exposure to light. 

Decomposition of Irigenin Trimethyl Ether with Alkali —Irigenin 
trimethyl ether (6 g.), methyl-alcoholic potash (24 c.c. of 20%), and 
water (2 c.c.) were heated during 2 hours until the temperature 
slowly rose to 180° and the methy] alcohol distilled off. The product 
was dissolved in water (150 c.c.), almost neutralised, saturated with 
carbon dioxide, and filtered, and the filtrate was repeatedly extracted 
with ether. The extracts yielded a colourless substance (1-5 g.), 
which crystallised from a small amount of hot water, containing a 
little sulphur dioxide, in almost rectangular, irregular plates, m. p. 
147°; these were identified as antiarol (Found : MeO, 47-8. Cale. : 
MeO, 50-5%). The O-acetyl derivative (Chapman, Perkin, and 
Robinson, loc. cit.) crystallised very readily from ligroin in flat, 
lustrous needles, m. p. 74° (Found: ©, 58:4; H, 6-2. Cale.: 
C, 58-4; H, 62%), and the O-benzoyl derivative from alcohol in 
lustrous, flat needles, m. p. 117° (Kiliani, Arch. Pharm., 1896, 234, 
443). (The remarkable ease of oxidation of antiarol to 2 : 6-di- 
nethoxybenzoquinone does not seem to have been recorded. 
When a drop of ferric chloride is added to its aqueous solution a 
transient green colour is produced, which reappears with each drop 
of the reagent till finally bright yellow needles of the quinone 
separate, m. p. 256°. This is reduced by sulphur dioxide to 2 : 6- 


‘7. [dimethoxyquinol, m. p. 158°.) The liquor remaining after the 


tther extractions was acidified, and further extractions yielded a 
tarboxylic acid (2-5 g.) which crystallised from hot water in colour- 
ss, flat prisms, m. p. 120°, and possessed all the properties of 
3:4: 5-trimethoxyphenylacetic acid. 
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Irigenol (V1).—Irigenin (10 g.) was demethylated with hydriodic 
acid (100 c.c.; d 1-7) at 130° for 1 hour. Crystals separated during 
the latter part of the reaction and were isolated by the addition of 
water and filtration. The substance crystallises slowly from 50% 
acetic acid in pale yellow, microscopic needles, m. p. 331° (decomp,; 
rapid heating) (Found: C, 53-3; H, 3-9. C,;H,,0,,H,O requires 
C, 53-6; H, 3-6%). The water of crystallisation is not lost at 140°. 
Trigenol is very sparingly soluble in acetic acid, water, ethyl alcohol, 
benzene, and ethyl acetate, but dissolves more readily in a mixture 
of the first two solvents and also in acetone. In the complete 
absence of air it dissolves in aqueous sodium hydroxide to a yellow, 
stable solution which deposits unchanged irigenol on acidification, 
but in the presence of air the solution rapidly assumes an intense 
crimson colour, and acids now throw down a dark, flocculent 
precipitate, and the crimson colour only weakly returns when the 
solution is again made alkaline. Irigenol dissolves in aqueous 
sodium carbonate to a yellow solution, which slowly turns red in 
presence of air. Its alcoholic solution develops with a little ferric 
chloride an intense olive-green colour, changed by excess to a deep 
reddish-brown, and when treated with a trace of sodium amalgam 
gives green flocks, a reaction which is shown by scutellarein and 
baicalein (Bargellini, Gazzetta, 1919, 49, ii, 47). Methylation with 
methyl sulphate and alkali in an atmosphere of hydrogen readily 
gave irigenin trimethyl ether (V), m. p. 162°. The hexa-acetyl 
derivative separates after irigenol has been boiled with an excess of 
acetic anhydride and a few drops of pyridine for 4 hours. Recrystal- 
lisation from acetic anhydride gives colourless, microscopic prisms, 
m. p. 237—238° [Found : C, 57-1; H, 4-1; Ac, 43-9. C,;H,0,(OAe), 
requires C, 56-8; H, 3-9; Ac, 44-2%]. 

Trigenol Sulphate.—Irigenol, in common with all irigenin deriv- 
atives and other isoflavones, dissolves in concentrated sulphuric 
acid to a yellow solution, which on dilution becomes colourless 
and deposits the unchanged substance. This general reaction is 
doubtless due to the formation of coloured oxonium sulphates. 
Owing to the very sparing solubility of irigenol in acetic acid, the 
sulphate cannot be prepared by addition of sulphuric acid to this 
solution. It is best prepared by dissolving irigenol (1 g.) in cold, 
concentrated sulphuric acid (5 c.c.) and adding glacial acetic acid 
(20 c.c.); the solution shortly becomes turbid, and after 12 hours 
is thick with microscopic, orange crystals, which are collected, 
washed with acetic acid, and dried in a vacuum over soda-lime 
(Found as hydrate by decomposition with water : C,;H,)0,, 766. 
O,5H90s,H.SO, requires C©,;H,,0,, 76-4%). Jrigenol sulphate 
reacts instantaneously with cold water, the bright orange colour 
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hanging to the yellow of irigenol, and it also decomposes when 
jeated under acetic acid. When dry, it is stable at 135°. 

Irigenin 7 : 3’-Dimethyl Ether (VII).—Methylation of irigenin by 
wiling under reflux with an excess of methyl iodide and alkali 
jd to very poor yields of (VII), the product being largely the 
timethyl ether (V), though under certain conditions it consisted 
sholly or chiefly of a third substance, m. p. 154-5° (see below). 
With three molecules of alkali, the product was almost entirely 
ikali-soluble, but in a sealed tube satisfactory results were obtained. 

Irigenin (5 g.), methyl iodide (3 mols.), and a solution of sodium 
nethoxide (3 mols.) in methyl alcohol (30 c.c.) were heated in a 
valed tube at 100° for 16 hours. After cooling, the product was 
mushed, treated with dilute alkali solution for 24 hours, washed 
vel, and dried. It was then dissolved in hot methyl alcohol 
(40 c.c.) and the pale yellow needles which separated were filtered 
ifafter an hour (yield 1-5 g.). After several recrystallisations from 
nethyl alcohol, it was obtained in tiny, lustrous, pale yellow needles, 
n. p. 166—167° (Found* : C, 61:7; H, 5-4; MeO, 38-4. C, 9H. 0, 
quires C, 61-8; H, 5-2; 5MeO, 39-9%). 

Irigenin 7 : 3'-dimethyl ether in alcoholic solution gives with a 
ace of ferric chloride an intense violet colour, changing to olive- 
geen with excess. It is insoluble in warm, aqueous sodium hydr- 
wide, but if to its suspension in methyl alcohol a drop of methyl- 
icoholic potash is added it at once dissolves with a bright yellow 
wlour, which fades when the solution is diluted with water and at 
the same time the dimethyl ether separates unchanged. By 
vigorous treatment with methyl sulphate in methyl-alcoholic potash, 
itwas partly converted into the characteristic, colourless prisms of 
(V),m. p. 163°. The acetyl derivative crystallised after concentra- 
tin of the acetic anhydride solution in which it was prepared, and 
formed colourless rhomboids, m. p. 191° (Found: C, 61-2; H, 5-4. 
(yH,.0, requires C, 61-4; H,5-1%). Itis hydrolysed to (VII) by a 
few moments’ treatment with alcoholic potash. 

The compound of m. p. 154-5° is obtained when the methylation 
ifirigenin is continued for 24 hours or more, with frequent addition 
ifrelatively large amounts of alkali and methyl iodide. The excess 
of methyl iodide and alcohol are distilled off and the substance is 
ftecipitated by water, washed with dilute alkali, and crystallised 
fom ethyl alcohol (charcoal), then from benzene, and again from 
ilecohol, being finally obtained in colourless, glistening leaflets, 
m. p. 154-5°. This substance is devoid of phenolic properties, and 
is being subjected to further examination. 

Alkaline Decomposition of Irigenin 7:3'-Dimethyl Ether.— 
Hydrolysis was effected as in the case of irigenin 5 : 3’-dimethyl 
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ether (below), but twice the quantity of alkali was used and the 
solution was allowed slowly to become concentrated by distillation. 
The phenolic and acidic products were isolated as described, and 
identified as 4:5-dimethoxyresorcinol (VIII) and 3:4: 5.tr. 
methoxyphenylacetic acid. 

Methylation of Iridin: Irigenin 5: 3'-Dimethyl Ether (TX)—A 
freshly prepared, filtered solution of iridin (4 g.) in absolute methy! 
alcohol (60 c.c.) was treated with diazomethane, prepared from 
nitrosomethylurethane (16 c.c.) in ether (160 c.c.) and 25% methyl. 
alcoholic potash (25 c.c.). After 12 hours, the ether was distilled 
off and the remaining solution treated as before with diazomethane, 
which still remained in excess after a further 12 hours. After 
complete evaporation the residue was dissolved in a little water, 
and the solution was filtered from a slight flocculent precipitate 
and evaporated to dryness in a vacuum, leaving a yellowish-brown, 
uncrystallisable resin. This was hydrolysed on the steam-bath 
with 1% sulphuric acid for 6 hours; crystals were then obtained 
which separated from methyl alcohol (charcoal) in colourless, 
silky needles, m. p. 218° (Found*: C, 62-1; H, 5-5; MeO, 361. 
CopHy90, requires C, 61:8; H, 5:2; 5MeO, 39-9%). Irigenin 
5 : 3’-dimethyl ether dissolves readily in dilute aqueous sodium 
hydroxide with a pale yellow colour, and its alcoholic solution gives 
a very faint brownish colour with ferric chloride. Methylation 
with methyl sulphate and alkali readily gave irigenin trimethyl 
ether (V). 

Decomposition of Irigenin 5: 3'-Dimethyl Ether with Alkali— 
The dimethyl] ether (0-75 g.) was boiled with water (75 c.c.) ina 
slow current of hydrogen, and a solution of potassium hydroxide 
(2-5 g. KOH) added. The colour, at first yellow, rapidly became 
red and finally faded to a very pale yellow. Decomposition was 
then probably complete, but boiling was continued for 2 hours, 
after which the solution was acidified, boiled with charcoal, and 
filtered. Excess of sodium bicarbonate was now added, and the 
solution extracted 12 times with ether. The extracts left on 
evaporation an oil which crystallised completely in a few hours on 
being kept at about 30°. By recrystallisation from a small amount 
of benzene, well-formed rhomboids separated (0-17 g.), m. p. 76°, 
which gave a reddish-brown colour with ferric chloride and had 
the properties of the 4 : 5-dimethoxyresorcinol recently prepared by 
Chapman, Perkin, and Robinson (loc. cit.). When heated with 
aqueous sodium hydroxide and chloroform, it develops a bright 
orange-red colour. Fusion with phthalic anhydride and zinc 
chloride, followed by treatment with alkali, gives a red solution 
devoid of fluorescence. The alkaline solution remaining after the 
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atraction of the 4: 5-dimethoxyresorcinol was acidified, and the 
poduct then obtained by repeated extractions with ether 
aystallised from a small amount of water (charcoal) in colourless, 
fat needles, m. p. 120°, and had all the properties of 3: 4: 5-tri- 
methoxyphenylacetic acid. 


The author’s thanks are due to the Chemical Society for a grant 
which has defrayed part of the cost of this investigation. 


Tae Dyson PERRINS LABORATORY, 
OXFORD. [Received, February 3rd, 1928.] 


~ ANNUAL GENERAL MEETING, 
THuRSDAY, Marcu 22np, 1928, at 4 P.M. 


PROFESSOR H. BRERETON BAKER, C.B.E., D.Sc., F.R.S., President, 
was in the Chair. 

The Report of the Council for 1927—1928, together with the 
Balance Sheets and Statements of Accounts for 1927, was pre- 
sented, and a statement on the finances of the Society was made 
by the Treasurer. The adoption of the Report was proposed by 
Dr. L. J. SpeNcreR, seconded by Professor J. C. PHuxip, and carried 
unanimously. 


REpPorRT OF CounciL, 1927-1928. 


I. Fellowship Statistics. 


THE number of Fellows at the 3lst December, 1926, was 4093, 
During 1927, 190 Fellows were elected and 10 reinstated, givin 
the gross total of 4293. The deaths recorded were.40; the resig. 
nations numbered 103, and the names of 110 Fellows were removei 
from the List of Fellows for non-payment of Annual Subscriptions 
the corresponding figures for the previous year being 32, 101, ani 
115, respectively. The number of Fellows, therefore, at the 3lsi 
December, 1927, was 4040, showing a decrease of 53 in tha 
membership of the Society. 

This decline in the number of Fellows is more than accounted fo 
by the fact that the elections of new Fellows numbered only 190 ag 
against an average of 270 for the past 10 years. The Council view 
the position with concern, and trusts that Fellows will use thei 
best endeavours to bring before those interested in the advance 
ment of chemical knowledge the advantages offered by the Fellov- 
ship of the Chemical Society. 

During the year the Society has had to mourn the loss of one 0 
its distinguished Past-Presidents, Dr. Arthur W. Crossley, who was 
President from 1925 to 1926, relinquishing the office after one yea! 
owing to ill-health. He served on the Council in all for a period ol 
twenty-two years, and a record of his eminent services to Chemistr 
in general and to the Society in particular is given in the obituary 
notice prepared by Professor W. P. Wynne appearing in the 
December Journal. The Council elected Sir William J. Pope as: 
Vice-President to fill the vacancy caused by Dr. Crossley’s death. 

The Council has also suffered the loss of its two senior Honoral 
Fellows, Professor Svante Arrhenius and Professor Ira Remsel 
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yho were elected on the 20th January, 1898. A memorial lecture 
to the former will be delivered by Sir James Walker next May, 
and an obituary notice of Professor Ira Remsen, prepared by 
Professor W. A. Noyes, appears in the Journal for December. 
During 1927, Sir Joseph J. Thomson, O.M., and Professor Richard 
Willstiatter were elected Honorary Fellows, the number of whom, 
therefore, still remains at 23. 

The congratulations of the Society have been conveyed to 
Mr. Oliver Quibell, elected March 4th, 1868, who has completed 60 
years of Fellowship, and to the following Fellows who have attained 
their jubilee as Fellows during the year : 

Elected. 
Beby Thompson ... ‘ oh wi swe ..- June 21st, 1877. 
Frederick Woodland ene « Ais er or ... dune 2lst, 1877. 
Ayerst Henham Hooker ... ome ies -? ... Feb. 7th, 1878. 
Frederick Stuart Harris... oa Ae opti ... Feb. 7th, 1878. 


Walter Bezant Lowe ind ES. At He ... Feb. 21st, 1878. 
lewis Thompson Wright... ae vs ba .. Feb, 21st, 1878. 


II. Publications. 


The Journal for 1927 contains 3205 pages, of which 3096 pages 
are occupied by 414 memoirs and 28 notes, the remaining 109 pages 
being devoted to Obituary Notices (43 pages), two Lectures (39 
pages), the Report of the General Meeting (17 pages), and the 
Presidential Address (10 pages). The volume for 1926 contains 
3248 pages, of which 3089 are devoted to 437 memoirs and 29 notes. 

During 1927, 485 papers were offered to the Society for public- 
ation in the Journal; of these, 23 were declined. The corresponding 


| numbers for 1926 were 528 and 35. 


The average interval between the dates of receipt and of public- 
ation of papers was 103 weeks for 1927, 14 weeks for 1926, and 13 
weeks for 1925. 

The Council again records its indebtedness to those Fellows who 
referee papers. 


Ill. Library. 


Excluding the evenings on which meetings of the Chemical 
Society were held, there were 8002 attendances during the past 
year. Of these, 5408 were made by Fellows of the Chemical 
Society, and 2594 by members of contributing Societies, compared 
@ With 7692 and 2419, respectively, in 1926, while the number of 
books borrowed during 1927 was 5489 as against 5353 the previous 
year. 

The additions to the Library comprise 286 books, of which 114 
were presented, 702 volumes of periodicals (including a gift of 77 
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volumes from the Faraday Society), and 86 pamphlets; as against 
295 books, 593 volumes of periodicals, and 48 pamphlets last year, 
The Library now contains 31,887 volumes, consisting of 9,647 books 
and 22,240 bound volumes of periodicals. 


IV. General. 


The Faraday Lecture was delivered by Professor Richard Will. 
statter at the Royal Institution (by courtesy of the Managers) 
on May 18th, and the Council decided to issue reprints of the 
lecture at the price of ls. each. Of two other lectures arranged 
to take place in the Meeting Room of the Society, the first was 
given by Professor W. A. Bone, F.R.S., on November 24th, 
the title of his Lecture being “ Gaseous Combustions at High 
Pressures,” and the second, entitled “Spectra and Atoms,” 
was delivered by Professor A. Fowler, on February 23rd. 

The President, together with Mr. A. Chaston Chapman and 
Professor C. 8. Gibson, represented the Society at the Berthelot 
Celebrations held in Paris in September, and an Address of 
Congratulation was presented by the President at the Séance 
Solennelle in the Sorbonne; Mr. Chaston Chapman was also the 
Society’s delegate at the 7-iéme Congrés de Chimie Industrielle. 
The President, who was the Society’s delegate at the Jubilee 
Celebrations of the Institute of Chemistry, presented an Address 
of Congratulation at the Dinner on December 15th, the Ordinary 
Scientific Meeting fixed for that day having been abandoned. 

Professor W. A. Bone acted as the Society’s delegate at the Con- 
ference on ‘‘ Methods of Coal Analysis” held in October, and 
Dr. J. J. Fox agreed to continue to serve on the Aircraft Sub- 
Committee on Chemicals of the British Engineering Standard 
Association. Dr. Fox also represents the Society on the New 
International Association for Testing Materials. 

The President has been nominated to serve on the Court of Bristol 
University in the place of the late Sir William A. Tilden; Dr. V. J. 
Harding was the Society’s delegate at the Annual Convention of 
Chemists of Canada held in Quebec in June, and Sir William J. 
Pope has been nominated to serve on the Organising Committee of 
the 7th International Congress of Photography to take place in 
London on July 9th to 14th, 1928. 

At the Anniversary Dinner on March 24th, at which the company 
numbered 170, the Society was honoured by the presence of Pro 
fessor Camille Matignon, representing the French Chemical Society, 
and Hofrat Professor Dr. W. Schlenk, the President of the German 
Chemical Society. The Presidents of the Belgian, Danish, Dutch, 
Finnisk, Norwegian, Swedish, and Swiss Chemical Societies have 
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heen invited to be the foreign guests of honour at the next 
Anniversary Dinner on March 22nd, 1928. 

The Council has agreed to co-operate in a joint chemical dinner 
to be held in London in the autumn of 1928, and has appointed the 
Assistant Secretary to serve on the Committee responsible for the 
arrangements. 

The Society’s representatives on the Bureau of Chemical Abstracts 
for 1928 are Professor C. 8. Gibson, Mr. A. J. Greenaway, Dr. J. T. 
Hewitt, Professor G. T. Morgan, and the Treasurer, who serves as 
an ex-officio member. The “A” Abstracts for 1927 contained 8010 
abstracts occupying 1230 pages, compared with the corresponding 
figures in 1926, of 7978 abstracts occupying 1284 pages, and the 
average length per abstract was 0-30 of a column as against 
32. The 8010 abstracts comprised 4157 in General, Physical, 
and Inorganic Chemistry, 80 in Mineralogical, 2095 in Organic, and 
1678 in Bio-chemistry. As from January 1928, the title of 
‘Mineralogical Chemistry ” will be altered to “ Geochemistry.” 
For the Abstracts for 1928, it has been decided to use a paper 30 per 
ent. lighter in weight than that previously utilised. A substantial 
ving in the cost of paper will follow as a result of this change, and 
tis anticipated that there will be a saving in postage on the “ A ” 

bstracts. 

Professor C. S. Gibson, Sir William J. Pope, and Professor J. F. 
Thorpe continue to represent the Society on the Federal Council, 

nd Professor A. J. Allmand and Professor F. G. Donnan have 
ben appointed to serve for two years on the Editorial Board of the 

ournal of Physical Chemistry, in the place of Professor J. W. 

cBain and Professor J. C. Philip, retired. During 1927, the 
british Members of the Editorial Board received 26 papers, of 

hich 12 have been published, 10 await publication, and 4 are 
nder consideration ; 12 reviews of books have also been prepared. 

Under the will of the late Professor W. Carleton Williams, the 
ciety is to receive at the death of his daughter the sum of £1000 
tthe maintenance and support of the Society’s Journal and 

rary. Further, a bequest of £500 has been made by the late 
tofessor Archibald Liversidge to found a lectureship for the 
ipress purpose of encouraging research. Accordingly, it has been 

tided to create a “‘ Special Lectures Fund ” into which the £500 

m Professor Liversidge and an equal amount from the general 

inds of the Society will be paid, the income derived from this fund 
bbe devoted to providing honoraria for the lecturers to be appointed 

y the Council. Two Annual Lectureships have thus been estab- 

ed, one to be designated the “ Liversidge Lecture” and the 

tt the “ Pedler Lecture.” The lectures will deal as far as 
MM 
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practicable with the description of new knowledge, and the lecturers, 
who will be selected by reason of their own discoveries, will indicate 
in their lectures the directions in which further research work 
is desirable. The lectures will be open to the public free by 
ticket. 

Volume II of the Memorial Lectures has been reproduced by the 
photolithographic process and can be obtained by Fellows at 7s. per 
copy. It has also been decided to publish in the near future a volume 
containing the Faraday Lectures delivered before the Society. 

The cordial thanks of the Council have been conveyed to Mis 
Gladstone for presenting an Album containing photographs of 
eminent Chemists and other Men of Science, which belonged to the 
late Dr. John Hall Gladstone, Past-President, and to Lady Ramsay 
for presenting to the Library a number of books from the library ¢ 
the late Sir William Ramsay. The Council has also grateful} 
acknowledged gifts of the Society’s publications from Mr. Leonan 
Archbutt, Mr. R. E. Crowther, Mrs. E. D. Gravill, Mr. H., Ff. 
Robinson, and Dr. F. K. Viccajee. 

The collection of medals has been enriched by replicas of tk 
Horace Brown Medal from the Institute of Brewing and the Ané 
Pictet Medal struck in commemoration of his seventieth birthday 
which was celebrated last November. 

The Council has referred to a committee for consideration ani 
report the question of revising the Bye-Laws, such revision beim 
rendered especially necessary by the fact that they contain m 


The Council hopes shortly to be in a position to submit it 
recommendations to the Fellows for their consideration. 


in September free of charge to those Fellows who had ma 
application. 


latter. Since the sum applied for each year far exceeds tl 
amount available for distribution, the Council has resolved th 


two consecutive years while holding the grant, the amount in} 
hands shall be returned to the Society; also, that any balangfig 
remaining in a grantee’s hands after he has held the grant for fotteturned 


years shall be returned to the Society. 
At the Ordinary Scientific Meeting on June 16th, 1927, # 
President made a presentation to Mr. S. E. Carr of two chequ 
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oe from the Council and the other from Fellows, together with an 
idbum containing the signatures of the Honorary Fellows and 
fellows who had contributed, and a clock, to mark the completion 
dfhis 25th year as Assistant Secretary. 

The Council again acknowledges its indebtedness to those who 
have delivered lectures before the Society, to Fellows and others 
yho have prepared obituary notices, and to the authors of the 
Annual Reports for 1927. 


V. Financial. 

It is gratifying to record that during the year under review the 
inome of the Society has increased by £206 9s. 6d., whilst the 
expenditure has decreased by £114 17s. 2d., and that there is a 
balance in hand of £456 6s. 8d. 

Income. The chief cause of the increased income is to be found 
inthe contribution from the Publications Fund, which is this year 
geiter by £199 4s. 6d. than that of last year. There have been 
inreases in the amounts received from Publications sales 
(80 18s. 1ld.) and from interest on investments (£49 7s. 6d.), but 
the contributions to the Library show a decrease of £101 Ls. 

Expenditure. Compared with 1926, the cost of the Journal has 
dereased by £14 14s. 3d., and the Abstracts by £88 16s.; this year 
eh account bears its share of the cost of superannuation 

ing™ previously borne by administration expenses, the charges being 
{37 16s. 3d. and £9 4s. 5d. respectively. Administration expenses 
‘mare less by £323 16s., due to a saving under the item of wages of 
{135 17s. Od., of which £82 14s. has been charged to the Library 
Account, and to a saving of £130 6s. 10d. on miscellaneous printing 
dnd stationery. This year, the Accounts have to bear the cost of the 
list of Fellows (£129 8s. 2d.) and increased cost of pensions (£94 5s.). 

Income Tax. It will be noticed that Income Tax, which is 
deducted at the source from the interest on all the Society’s invest- 
ments excepting 5°4 War Loan and 5% National War Bonds, and 
vhich has been hitherto recovered without question, is, this year, 
hhown under the items ‘‘ Income tax recovered ” and “‘ Income tax 
teoverable.”” This action has been rendered necessary by the Inland 
Revenue Commissioners, who have informed the Council that pending 

imjthe decision in the High Court of two test cases, they are unable 

'0 continue to exempt the Society from paying income tax. The 

#sures shown under “ Income tax recovered” represent the tax 

for foweturned in respect of the income for 1926 up to the 5th April, and 

those given under the items “‘ Income tax recoverable,”’ amounting 

27, ti ' all to £131 Os. 6d., indicate the sum due in respect of the period 
@th April to 31st December, 1926. 
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General. It is of interest to review the financial position in this 
the ninth year after the Armistice, in order to see how far financia] 
conditions may be regarded as stabilised. During the war years 
1914—1918, the small volume ef research work published led to a 
succession of credit balances amounting in all to some £7000. These 
accumulated funds, however, were used up during the next five years, 
notwithstanding the fact that in 1921 the annual subscription was 


raised from £2 to £3, and it became clear in 1923 that new sources of & 


income would have to be provided and drastic economies exercised, 
As a result of the action then taken, the accounts for the years 
1924—-1927 showed credit balances of £210, £466, £135, and 
£456 respectively, and there is thus reason to hope that a measure 
of stability in the financial affairs of the Society has been attained. 

In this connexion it is to be observed that for 1927, while the 
number of pages in the Journal shows a decrease of 43 pages com. 
pared with 1926, the Abstracts also number 56 pages fewer than 
in the previous year, If this proves to be a true indication that the 
increase in expenditure on account of its publications, which the 
Society has had to face since the war, is ceasing, then it may b 
possible that the Council will be able in the near future to relax some 
of the restrictions that have had to be enforced. 


years, and, thanks to the benefaction from the late Sir Alexander 
Pedler and to donations from Fellows and manufacturers, the 
capital sum now stands at £10,375 Os. 4d. This year the fund 
contributed £961 0s. 8d. to the General Fund, but £350 of this was 
again derived from the Government Publications Grant administered 
by the Royal Society, for which the Council desires to express its 


Special Publications Fund. 


The sales of the various publications financed by means of this 
fund have realised £238 2s. 9d. towards the total cost of £401 138. 4d 


posed | 
was ca 


incurred in publication, and there is reason to anticipate that ig 


time the various ventures will pay for themselves. 


Miscellaneous. 


As in former years, the Society has again contributed £10, 


towards the expenses of the Federal Council. For the first time, tht 
accounts of the Bureau of Chemical Abstracts are included witl 
those of the Society, the Council considering that as the Socie 
is responsible for approximately one-half of the expenditure incurte 


ty UDBOR¢ 
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by the Bureau, its accounts should be submitted to the Fellows. 
The expenses incurred on account of Abstracts “A” (Pure) are 
incorporated in the various items appearing in the Chemical Society’s 
Income and Expenditure Account under the heading “‘ Expenses 
oaccount of Abstracts.” The figures are arrived at as follows: 


Salaries, £472 10s. (half common) + £414 (Pure) + £214 7s. 1ld. 
(Index) = £1100 17s. 11d. 

Postages, £18 7s. 11d. (half common) +- £25 17s. 10d. (Pure) = 
£44 5s. 9d. 

Abstractors’ fees, £1162 17s. 7d. (Pure). 

Abstracts Index, £665 13s. 8d. (Printing) + £2 16s. 2d. (Banding) 
4£14 18s. 8d. (Distribution), (total £683 8s. 6d.). 

Miscellaneous, £8 2s. 8d. (Stationery, half common) + £6 9s. 6d. 
(Journals, half common) + £1 1s. 8d. (Travelling, half common) + 
419s. 4d. (Travelling, Pure) + £20 11s. 4d. (General expenses, half 
common) = £41 4s. 6d. 


During the year the Bureau, after receiving expert advice, 
lecided to use a lighter paper for its publications, the change 
to commence with the January 1928 issue. The advantages 
xemed so considerable that the Council decided to use the 
same paper for the Journal, and by an arrangement with the 
printers it was found possible to effect the change in January of this 
year. It is considered that not only will the Fellows benefit by 
laving a Journal which for the full year will weigh about 3 Ib. less 
than hitherto and be 2 inches less in thickness, but the Society will 
ave approximately £250 on postages and paper. 

The Council has to thank Dr. D. S. Jerdan for a contribution of 
{15 in augmentation of his Life Composition Fee. 


A vote of thanks to the Auditors (Dr. O. L. Brady, Dr. A. E. 
Dunstan, and Dr. G. W. Monier-Williams) for their services, pro- 
mposed by the TREASURER, and seconded by Mr. R. L. Coxuerr, 
"as carried unanimously, Dr. G. W. Monier-WILLiaMs making 
cknowledgment. On the proposal of Professor J. R. PARTINGTON, 
econded by Dr. A. Bramuery, Dr. Brady, Dr. Dunstan, and Dr. 
lonier-Williams were unanimously elected Auditors to audit the 
Accounts of the Society for 1928. 

A vote of thanks to the Treasurer, Secretaries, Foreign Secretary, 
@ouncil, and Committees for their services during the past year, 
tue oposed by Professor A. G. PERKIN, and seconded by Dr. J. J. 
(DBOROUGH, was carried unanimously, and acknowledged by 
ofessor W. P. WYNNE. 

The PRESIDENT then delivered his Address, entitled, ‘“‘ Constitu- 

MM2 
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tion of Liquids. Some New Experiments.”’ A vote of thanks to 


the PrEsIDENT for his services in the Chair during the past year, 
and for his Address, was proposed by Professor H. E. ARMstRoxo, 
seconded by Sir RoBeRtT RoBERTSON, and carried unanimously, the 


PRESIDENT making acknowledgment. 
The report on the election to vacancies on the Council for the 


year 1928—1929 was read as follows : 


President.—Jocelyn F. Thorpe. 
Treasurer.—T. Slater Price. 


Secretary.—T. S. Moore. 
Vice-Presidents who have filled the office of President —H. Breretoy 


Baker, W. H. Perkin, Sir William J. Pope, Sir James Walker. 
Vice-Presidents who have not filled the office of President.—W. }. 


Mills, J. C. Philip. 


Ordinary Members of Council.— 
Town Members.—W. A. Bone, H. King, J. L. Simonsen, § 
Sugden, H. Terrey, Miss M. A. Whiteley. 
Country Members ——W. M. Cumming, N. V. Sidgwick. 


Professor J. F. 
meeting closed. 


THorpPE then took the Chair and declared tl 


—— ABSTRACTS. 
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INCOME AND EXPENDITURE ACCOUNT 


Income, 


190 10 0 To Life Compositions ... ... .. ese 
, Annual Subscriptions :— 
Received in advance, on account of 1927 
during 1927 ese one 
1926 eee 
1925 and previous | years 


Less amount included in last year’s Income, being valua- 
tion of Arrears as per last Balance Sheet coe eee 


Add Arrears at date: £897 17s. ; ; Se to realise 
us per Balance Sheet ... a a 
9910 0 0 
», Investments, Dividends on :— 
£787 London, Midland and Scottish Railway 4 ” 
cent. Debenture Stock ... .. 
£1520 14s, 3d. Cardiff Corporation 8 per cent. ‘Stock, 1914/54 
£1400 India 23 percent. Stock ... .. 
£2400 Bristul Corporation 24 per cent. ‘Debenture ‘Stock 
£2713 London, Midland and Scottish snageing 4 —_ cent. 
Preference Stock ... ove 
£1200 Leeds Corporation 3 per “cent. Stock ——e 
£1500 Transvdal 3 per cent, Guaranteed Stock, 1923/53 .. 
£1200 London and North Eastern epinitnd 3 bgp cent. 
Debenture Stock ... 
£700 Oanada 84 per cent. Stock, 1930/50 
£2100 5 per cent. War Stock, 1929/47 ...  ... 
£1100 5 per cent. War Bonds, 1929/47 ... 
£600 Funding Loan, 4 per cent., 1960/90 
£11878 34 per cent. Conversion Stock 


», Income Tax recovered 
», Income Tax recoverable 


», Interest on Deposit a ee ee « 
1028 11 0 ————_ 1077 18 6 


»» Publication Sales :— 
Journals and Proceedings 
Abstracts... . ooo one 
Collective Index, Vols. ;™ VI ies 
Annual Reports on Progress of Chemistry .. 
Memorial Lectures. Vol. II. 
Other Publications 


5978 11 5 6056 16 11 
546 9 9 Less Publishers’ Commission ... ws. .. .. coe co os 54316 4 


— 
oo 


6 
2 
0 
0 
0 
9 
0 


cwuw coococeo 


i 


538 1 5 Proceeds of Advertisements in Journal and Abstracts ... 54812 9 
148 1 9 Bese CO Sc es, Sk tes es. cy oe — 153 14 1 
», Miscellaneous Receipts... .. so cee s+ eve 
», Contributions to Library ... coe eee 
;, Transfer from Publications Fund, viz. 

Government Publications Grant (through the =e 
350 0 0 Society) ooo 
825 18 2 Dividends and Interest on ‘Deposit ce oe 


85 18 0 DONE: xcs, ks a, es es ne : 
— 76116 2 : mummy Gem 


— 


£18,455 15 11 £18,662 5 5 


——— 
To Pedler Bequest, Balance of Income erga Residue of Estate 
143 19 : of Sir Alexander Pedler ... ... ove a er 102 7 10 
1800 0 0 ,,*Pedler Bequest, Balance of Capital... ... 2985 16 2 
», Excess of extraordinary Expenditure over ‘extraordinary 
421 0 0 Income, carried to Balance Sheet ... 


Bret a Ot et 2 ee al 
£2,364 19 4 £3,088 4 0 
* Legacy Duty amounted to £536 1s —_ 
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ror THE YEAR ENDED 3lst DECEMBER 1927 


1926 Expenditure. 1927 


da £8 d. £2da a4 
By Expenses on account of Journal :— 
Editorial Salaries ae: ey Ae abe eee pk 1020 15 
Editorial Postages ie on side 
Printing of Journal 
Banding... 
Printing of Advertisements 
Addressograph Labels 
Distribution of Journal 
Authors’ Copies ... ... 
Insurance of Stock 
Warehousing of Stock 
Superannuation of Staff ... 
ae ee ea 
5769 14 10 5792 1€ 10 


», Expenses on account of Abstracts :— 
Editorial Salaries (Bureau) ... ...0 0.0 0. se see oe §=1100 17 11 
Editorial Postages (Bureau) ... ... 0... 2c. eee eee tee 9 
Abstractors’ Fees (Bureau) - < 
Printing o! Abstracts (Bureau £665 138, 8d. ty 
Banding (Bureau £2 16s. 2d. 
Addressograph Labels... 
Distribution of Abstracts (Bureau 4 ‘214 188, ‘8d. ) 
Insurance of Stock .,., 
Warehousing of Stock 
Superannuation of Staff ... 
Miscellaneous (Bureau) ce Ge ee a ae ee 
6124 16 : 6045 410 


86 14 Lecture Expenses ... ... es a 5613 7 
90 12 Advance Proofs and Reports of Meetings sisi ae A. dn 92 17 11 
635 19 Annual Reports on the Progress of Chemistry ... ... ... 587 12 7 
40 8 Purchase of Back Numbers of Publications... ... ... .. 912 6 
— List of ee CEC.... cee on sks ee one 129 8 2 
2093 11 er eee 2217 15 6 


ww SovouVrawarce 


Donations :— 
Optical Convention : 
Federal Council... ... .. 


Administration Expenses :— 
Salaries of Staff ...@... ... 
Wages (Commissionaire, Housekeeper, ‘and. d Charwomen) 
Coal and Lighting... re ; a Oe Oe 
House a and Repairs a 
Furniture ise 
Telephone 
Tea Expenses 
Insurances... <0 
Accountants’ Charges 
Ditto Pedler Bequest es 
Commission on Recovery of Income Tax 
Miscellaneous Printing and Stationery 
Postages 
Expenses at Annual General al Meeting . 
Superannuation of Staff ... . esi 
Addresses és ove 
Miscellaneous Expenses jms 


NOrNWAMOOCOCORK Aaa 


10 2852 6 10 


0 ,, Transfer to Publications Fund (Life Composition Fees) ... 175 10 0 
0 ,, Staff Pensions Fund—Pensions paid during 1927... ... 146 0 0 
» Excess of ordinary Income over —s oe 
135 0 0 carried to Higlamee HROGt ... .c. ste ces 000 oes one 456 6 8 


£18,455 15 11 £18,662 5 5 
—— ns 
143 19 4 By Publications Fund—Income from Pedler Bequest ... ... 102 7 10 
1800 0 0 ,, Publications Fund—Capital from Pedler Bequest ... .. 2985 16 
», Staff Pensions Fund, transferred frou accumulation of 
200 0 0 General Purposes Account at 31st December, 1925 ~ 
221 0 O ,, Costof New Library Bookshelves .. ... s+ 


£2,364 19 4 
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CONSTITUTION OF LIQUIDS: SOME NEW EXPERIMENTS. 1051 


PRESIDENTIAL ADDRESS. 


Melivered at the ANNUAL GENERAL MeetTiInG, March 22nd, 1928. 
By H. Brereton Baker, C.B.E., D.Sc., F.R.S. 


. Constitution of Liquids: Some New Experiments. 


jast year I had the honour of presenting to the Society an address 
in Which an account was given of experiments on the effect of 
atalysts on the molecular association of liquids. It was shown that 
these catalysts modified the union of the molecules of liquids, in the 
ame way as they modify ordinary chemical actions. The inference 
ws drawn that in liquids an equilibrium, depending on the tem- 
prature and the nature of the liquid, is established between the 
asociation and dissociation of molecules, whicn can be disturbed 
by the presence of catalysts. I propose in what follows to give an 
account of experiments which have been in progress during the last 
few years, extending our knowledge of dried liquids, and, secondly, 
¢ experiments which seem to indicate the reason for the great 
danges which take place in liquids when moisture is removed as 
completely as possible. 

In the first place, a number of determinations of the density of 
the vapours of dried liquids have been made. The liquid was sealed 
ip with purified phosphorus pentoxide in a tube to which was 
joined a capillary tube in which a series of ten or twelve bulbs, of 
about 1-5 c.c. capacity, was blown. The liquid was frozen in liquid 
ar and the whole exhausted. From time to time, as the drying 
progressed, liquid was distilled into the end bulb, which was then 
ealed off and used for a determination of vapour density by the 
nethod of Victor Meyer, the apparatus being modified as described 
ina paper on gaseous nitrogen trioxide (J., 1907, 94, 1865). The 
illowing results were obtained : 

Time of 
drying Temp. of Normal 
Substance. (years). ~° detern. Mol. wt. mol. wt. 

86° 234-3 160 
93 242-4 % 

90 127-0 76 
90 137-4 - 

100 191 154 
100 201 Pe 
102 173-1 74 
103 90-6 32 
100 160-5 86 
100 102-4 78 
100 125-9 ” 

80 101-9 92 

40 130-7 %° 
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The molecular aggregation of the main mass of the liquid js 
probably greater than is represented by the vapour density, since, 
as was shown in 1924, fractional distillation of the dried liquid take 
place. If it were possible to distil most of the liquid away and then 
seal up a bulb containing the last fraction, the vapour density would 
probably show a much higher value. 


Fia. 1. Fia. 3. 


It was thought that if association takes place in a dry liquid ther 
must be a change in the latent heat of evaporation. This determin- 
ation presents peculiar difficulties, since the liquid must not come 
into contact with the atmosphere. A modification of Berthelot’ 
method was employed, which will be understood from the diagram 
(Fig. 1). Benzene, carefully purified and distilled from phosphor 
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yntoxide, was contained together with phosphorus pentoxide in 
the upper bulb. After standing for 34 years, it was distilled by 
peans of a ring burner, into the lower graduated tube, immersed in 
aknown weight of water contained in a Dewar vessel. The boiling 

int of the liquid was then determined. From the volume of 
quid distilled and the rise in temperature of the water, the latent 
jeat of evaporation could be calculated. ‘Two experiments were 
nade with two different pieces of apparatus. The latent heats for 
|gram of benzene were 57-2 and 58, respectively, instead of 83, the 
yrmal value. The boiling point of the dried benzene was 94°, and 
» bring this into conformity with Trouton’s rule the molecular 
right of the benzene must be 136 instead of 78. 

We have, therefore, in favour of the view I have repeatedly 
apressed, that the removal of water from liquids leads to increased 
nlecular complexity, four separate classes of experimental data : 
il) Increase of boiling point, (2) change of surface tension (J., 1922, 
(4, 568), (3) increase of vapour density, and (4) for one liquid, 
iecrease in latent heat of evaporation. 


Fig. 2. 


As to the reason why the withdrawal of water should bring about 
the displacement of equilibrium in the direction of larger molecules, 
here is only one hypothesis, that of Sir J. J. Thomson (Phil. Mag., 
13, 36, 320), which offers a reasonable explanation of the 
phenomenon. 

Imagine a molecule AB, the atoms of which are held together by 
tectrical attraction (Fig. 2). If a drop of a liquid, with high 
yecific inductive capacity, were adjacent to it, charges would be 
iduced in the drop and the attraction of the atom A to the atom B 
vould be lessened. Therefore the molecule would be more easily 
iissociated. In the presence of liquid drops of water, therefore, 
wolecules should be less stable. We do not know how many mole- 
cules are required to form an effective drop, but single molecules of 
vater would probably not serve. It has been demonstrated by 
\.T. R. Wilson that the presence of ions in a gas determines the 
tndensation on them of water vapour to form liquid drops. It 
vould seem, therefore, that if we could increase the amount of 
lnisation in the presence of a small quantity of water vapour, we 
ought to get a number of drops formed and a decrease in the stability 
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of the surrounding molecules. In the case of gases which can react, 
the atoms of their molecules should be less firmly held together and 
reaction between the gases should be increased. This deduction 
has been tested as follows. It is known that ionisation is produced 
in a gas by heated lime, more by thoria, and most, of course, by 
radium bromide. Silica tubes containing a mixture of hydroge: 
with nitrous oxide, dried to such an extent that the moisture content 
was only a few milligrams to a million litres, were heated in a resist. 
ance furnace in pairs. One tube contained lime and the other 
powdered Jena glass. When the combining point was reached, the 
rate of union in the lime tube was five times that in the tube con. 
taining the powdered glass. Another tube containing thoria in 
place of the lime gave a rate of union twenty times that in the tule 
with glass alone. After 15 minutes’ heating, when a large amoun 
of water had been formed in the reaction, the rate of union became 
the same, whether powdered glass, lime, or thoria was present. 
In a third experiment, 2 milligrams of radium bromide were used, 
and as soon as the combining temperature of the gases was reachel 
the mixture exploded and the tube burst. Thus, increasing tle 
ionisation produced a greater rate of reaction, as we should expec 
if the formation of liquid drops assisted chemical union. 

It has been shown that, in absence of water, liquids are associated, 
even those, such as hexane and benzene, which are ordinarily taken 
to be typical non-associated liquids. In my address of last year the 
condition of all liquids was compared to the gas nitrogen tetroxide, 
which only at —20° consists entirely of N,O, molecules. Above this 
temperature we conceive of the gas as a mixture of NO, molecule 
and unaltered N,O, molecules. It is probable that a perpetual 
dissociation and recombination is taking place, equilibrium changii 
with temperature. The condition of the molecules in liquids s 
probably the same, some liquids tending to contain more of. the larg? 
molecules, such as water and acetic acid, and some less, such as the 
two liquids mentioned above. In absence of water the larg 
molecules are stable. If the theory outlined above is true, we ought 
to be able, even in presence of water, but in absence of facilities for 
its condensation into drops, to stabilise the large molecules ant 
increase the number of them above the normal number corresponding 
to a given temperature. This I have attempted to do with thre 
liquids, hexane, benzene, and carbon disulphide. They were chose 
as supposedly non-associated liquids, though I have shown that it 
the dry state they are associated to such an extent that the averag 
size of the molecules is at least twice the size of the single molecule. 
The liquids were dried only as far as concentrated sulphuric acil 
could do so, i.e., there would still be a large number of watet 
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molecules diffused through the molecules of the liquid. The boiling 

int of the benzene was 79-6°. Tubes of 1 cm. diameter were 
prepared with two platinum plates, about 7 cm. long, fixed facing 
each other at the lower end of the tube. A thermometer was placed 
between them. Benzene was introduced just to cover the plates 
(fig. 3). By connecting the platinum plates with a 400-volt battery 
for some hours, the boiling point of the benzene was raised to 91°. 
4 precisely similar tube containing the same benzene and similar 
dectrodes, but without the applied voltage, was placed in the same 
bath; the benzene boiled at 79-6°. This effect was not destroyed 
shen the apparatus stood for a few days with the plates disconnected 
fom the battery ; the boiling point was 88° and the boiling was 
steady, not violent. While the boiling was proceeding, the voltage 
ys egain applied and in two minutes the evolution of bubbles 
topped. Measurements of the surface tension of the liquid indicated 
amolecular weight of between two and three times that corre- 
ponding to the formula C,H,. 

This experiment, which is confirmed by similar behaviour with 
iexane and carbon disulphide, may be explained by supposing that 
te ions were removed by the electric field and therefore the water 
present was incapable of collecting into drops. 

I thought that the effect might possibly be due to the elimination 
dwater by electrolysis and the consequential drying of the liquid ; 
not a trace of gas, however, could be collected over the mercury 
inthe trough. Moreover, if the plates were connected together and 
ilowed to stand, the surface tension indicated a normal molecular 
veight, and the normal boiling point was restored. 

If further work on these lines should confirm the result of these 
‘Weliminary experiments, we shall have, for the first time, an 
explanation of the role played by water in changes of molecular 
association in liquids. 

I wish, in conclusion, to express my thanks to my wife and to 
Miss Carlton for their help in the experiments which I have described. 
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LUCY HIGGINBOTHAM. 
Born, NOVEMBER 6TH, 1896; DrED, NOVEMBER 22ND, 1927, 


Lucy HiccGInBoTHAM was educated at Penrhos College, Rhos-op. 
Sea, and the Manchester High School for Girls. She entered 
Manchester University in the autumn of 1915, and took the Honows 
course in chemistry, graduating with First Class Honours in 19]9 
and gaining the Leblanc Medal for the Chemistry of Colouring 
Matters. The following year was spent in work on derivatives of 
coumarone which earned her the degree of M.Sc., and was published 
in the Transactions jointly with Dr. Henry Stephen (J., 1920, 447, 
1534). For the next two years she acted as research assistant to 
Professor Arthur Lapworth, F.R.S., and contributed with him to 
the T'ransactions of the Society five papers dealing with the reaction 
of ethyl ethylidenemalonate and related substances (J., 1922, 124, 
49, 2823; 1923, 123, 1325, 1618; 1924, 125, 2339). In Septembe 
1922 she joined the staff of the British Cotton Industry Research 
Association, and was elected to the Fellowship of the Society in 
December of the same year. For the remainder of her active 
career she was engaged in researches on the minor constituents ¢ 
cotton, in particular the complex mixture of substances present in 
cotton wax, and their behaviour during the processes concerned in 
the bleaching and finishing of cotton, the results being contained in 
a series of papers in the Textile Institute Journal (1924, 15, 175, 7120, 
1337; 1926, 17, 7233; 1927, 18, 1283), and in the Memoirs of 
the Shirley Institute. Early in 1926, illness necessitated a rest of 
several months. She returned to work again, but, after a relapse, 
went to Berne on the advice of her medical adviser for an operation, 
and died there on November 22nd, 1927. As a research worker she 
possessed unusual energy and a pronounced flair for the rapid 
exploration of a field of inquiry; outside her work, she was keenly 
interested in athletics, particularly tennis, golf, and motor cycling. 
She had many of the best characteristics of her native county, and 
her frank outspoken genial personality endeared her to her colleagues 


at the University and the Shirley Institute. 
R. G. FARGHER. 
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EDWIN ROY WATSON. 
Born, Juty 20TH, 1880: Drep, NovemBer 10TH, 1926. 


| ipwin Roy Watson, the second son of William Watson, was 


born on July 20th, 1880, and received his early education at the 
Nottingham High School (1891—1899), where his career through- 
out was marked by high distinction. Although in 1897 he obtained 
an open science scholarship tenable at Emmanuel College, Oxford, 
this was not utilised, and he first graduated as an external science 
tadent at the London University in 1900. As the result of a second 
sholarship award, he became a student at Jesus College, Cambridge, 
in 1899, subsequently taking a First Class in Part I of the Natural 
kience Tripos (1901), and a second class in Part II (1903). From 
1W2—1904 he was mainly engaged in post-graduate research at 
(ambridge, under the direction of Dr. 8. Ruhemann, although 
dwing this period he also took part in a temperature survey of Loch 
\ss, then in progress under Sir John Murray’s direction. In 1904 
lewas appointed Professor of Chemistry to the Sidpur Engineering 
(lege, Bengal, where he remained for two years, then proceeding 
to Dacca College in a similar capacity. In 1921 he became Principal 
of the Government Technological Institute at Cawnpore, and with 
this institution he was still connected at the time of his death. 

Watson was characterised throughout his career by thoroughness 
and tenacity of purpose. Being an excellent chemist and an able 
keturer, and possessing an almost untiring energy, his influence 
vith his students was most marked, and as a teacher at Dacca he 
vill long be held in affectionate remembrance. 

At the outset of his work at Dacca the College possessed no 
laboratory worthy of the name, and although on its removal to 
Ramna, and under his guidance, this defect was remedied, for a 
long period many conveniences were lacking and the conditions 
essential for good work were far from ideal. Even in these cir- 
uumstances, however, he was able to prepare the students for their 
degree examination in science. But Watson was not satisfied with 
the mere routine teaching of science; he was at heart an investi- 
gator, and by untiring effort he was gradually successful in creating 
an atmosphere of research amongst his more advanced students, 
This was no mean task to undertake amidst the enervating influence 
of the climate and the many distractions of Indian life, but with this 
object he was at work both early and late, without regard to his 
personal convenience. The zeal for work of this character which he 
created is still in evidence at Dacca, and there can be no doubt that 
lis influence has played no small part in the development of the 
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research spirit which is now becoming prominent throughout 
India. 

As a true teacher Watson sought to know his students and to leam 
their difficulties. He freely mixed with them, gained their confidence 
by means of his characteristically simple manner, and_ indeed 
encouraged those engaged upon research to visit at his home. 

When appointed at the newly established Institute at Cawnpore, 
Watson at once devoted himself to its thorough organisation. This 
establishment, which was founded as an aid to the industries of 
India, not only undertakes the investigation of native products, 
but acts as a teaching centre for those post-graduate students who 
desire to take up technology as a career. Though here again 
Watson has left an excellent record of work, and his zeal for the 
welfare of the Institute was always clearly evident, it became 
apparent to his intimate friends that he was not so happy at Cawn. 
pore as he had been at Dacca, and that he much regretted the 
cessation of his former opportunities for work in the domain of pure 
science. 

Watson was keenly interested in the formation of the India 
Chemical Society, of which he became a Vice-President, and to him, 
without doubt, its inception was largely due. At the meeting of 
the Eleventh Indian Science Congress he was appointed President 
of its Chemical Section, and in his address pleaded for the better 
organisation of research work, the freer intercourse between manu- 
facturer and pure chemist, and a more general discussion of chemical 
problems the solution of which was urgently required. 

Watson’s work at Cambridge, which was embodied in three 
papers, two carried out with Dr. 8S. Ruhemann, and the third 
independently, was concerned with the chemistry of the @-diketones 
(J., 1904, 85, 456, 1170, 1319). His first investigation carried out 
in India (J., 1906, 89, 578) was of a very different type and consisted 
of a study of the decomposition products of silver peroxynitrate 
under the influence of boiling water. 

In 1912 Watson’s attention was directed to the Cydnus Indicus, 
an insect which at Dacca is attracted by artificial light, and is 
notorious for its strong and unpleasant odour. This arises from the 
excretion by the insect of a volatile oily fluid, and Watson ascer- 
tained that it was due to the presence therein of cycloheptane- 
carboxylic acid (of which 14% was present in the insect), though 4 
trace of a second substance (C,,H,,0, ?) could also be isolated. The 
odour is so intense that the oil excreted by one insect, which averages 
0-000005 g., is sufficient to render its presence apparent. 

With the exception of these earlier researches Watson’s scientific 
work deals almost entirely with the vexed question of the origin of 
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jour in dyes, and the effect of structure on colour intensity, 
roblems which fascinated him throughout his career. His many 
oitributions on this subject, which are of first class importance, 
re too well known to require discussion here, and it is certain that 
i; name will long be remembered in this connexion. In 1913, 

hile in England on leave, he occupied himself at the Clothworkers’ 

»seatch Laboratory, University of Leeds, with an investigation 
{favonol colouring matters, which secured for him the Doctorate 

Science in the University of London in 1914. 

During 1916 to 1918, Watson was again on leave in England, and 
jroughout this period he was engaged on investigations mainly of 
stechnical character on behalf of the British Dyestuffs Ltd. at the 

niversity of Leeds. Whilst there, he gave a course of lectures on 

‘(olour and Constitution ’’ to works chemists, and these he em- 
ployed later as the basis of his well-known monograph having that 
ile (Longmans Green & Co., 1918). This volume, in which the 

wious aspects of the subject are critically considered, indicates 
heauthor’s complete mastery of his subject. 

His work at Leeds, concerned as it was with processes of dye 
pnufacture, was mainly of a confidential character, although 
iter on he was enabled to communicate to the Society (J., 1921, 119, 
1) the continuation of his earlier investigation on the preparation 
ifdyes from phenanthrene (J. Soc. Chem. Ind., 1915, 34, 1136). 
Though his attempts to prepare phenanthrene analogues of the 
aithraquinone mordant and vat dyestuffs were unsuccessful, certain 
iew azine derivatives of this hydrocarbon were obtained. His final 
pers (Mazumber and Watson, J., 1920, 117, 830; Watson and 
Dutt, J., 1922, 1424, 1939, 2414), which were concerned with the 
“Constitution of Yellow Sulphide Dyes,” and ‘‘ Attempts to prepare 
Red Sulphide Dyes,” give evidence of patient work and are of much 
interest. 

Whilst Principal of the Cawnpore Institute, Watson was respon- 
‘ible for some twenty communications, of a technical character, to 
the Journal of the Indian Chemical Society, which are connected 
with the utilisation of Indian natural products. Amongst these 
may be cited a description of a satisfactory process for the refinement 
of the “‘ Neem ” oil derived from Melia azadirachta, which, though 
available in considerable amount, possesses an objectionable odour 
and an intensely bitter taste ; methods for the preparation of T.N.T. 

‘from Assam and Burma petroleums; and trials indicating that 
Himalayan oak bark (Quercus incana) can be employed commercially 
as a source of tannin extract. 

Watson was an ideal manipulator: he was precise and tidy at 
his work, and although somewhat deliberate in his methods was 
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by no means slow in attaining his results. Of a modest and retirjy 
disposition, possessing a somewhat nervous manner, and bein 
absorbed in his work, he appeared at first sight somewhat difficyj; 
of approach, but this was in reality not the case, and to those why 
sought to know him he exhibited a delightful personality. Straight 
forward, and out-spoken when necessity arose, his sense of justig 
was extremely keen, and he was a rigid disciplinarian. In th 
circumstances of his life abroad, his intercourse with scientif, 
equals was of infrequent occurrence, a disadvantage which he keen) 
felt, and although this at one time almost decided him to seek a 
appointment at home, on consideration it seemed unwise to abanda 
the advantages to which his long stay in India would shortly entit, 
him. In view of the parlous condition of chemical research jy 
India when he arrived there in 1904, it is remarkable that he wa 
able to accomplish what he did, no mean achievement indeed haf 
he possessed the advantages of a similar position at an Engli 
University. ' 

Watson’s life in India was simple in the extreme, his main rec 
ation being painting in water colours. Of this he was an excelle 
exponent, and he exhibited, with success, at Simla, Nana Tal, a 
other fine-art exhibitions. 

During the last two years of his stay at Cawnpore, Watson becanm 
subject to fits of great depression, and eventually, as the result of 
nervous breakdown, he obtained leave of absence from India i 
April 1926. Failing to obtain relief by a visit to Switzerland, 
returned to London, where his sudden death occurred. He hal 
hoped to investigate further laccaic acid, the colouring matter of lu 
dye, and for this purpose had arranged for laboratory accommodatia 
at the Imperial College of Science. A letter on this subject to the 
author of this notice was one of the last, if not the last, he wrote. 

Watson married Lily Mary Hurlston of Leamington Spa it 
October 1908, and had two children who died in infancy. 

A. G. PEREI. 
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HORACE BROWN. 
1848—1925. 


HoracE Brown was born at Burton-on-Trent, July 20th, 1848. 
He died February 6th, 1925. He was elected a Fellow of the 
(hemical Society in 1871. He first served on the Council 1883—7 ; 
then as Vice-President 1894—7, 1904—7, 1913; as Treasurer 
193—4; as Foreign Secretary 1907—13. For reasons of health, 
he was unable to accept the Presidency. He was awarded the 
longstaff Medal in 1894. 

[have told the history of the Brown family and not a little of 
Horace’s in my Adrian Brown Memorial Lecture to the Institute of 
Brewing (1921). He himself gave to this Institute a very full 
acount of his career, in his “‘ Reminiscences of Fifty Years Experi- 
ees of the Application of Scientific Practice to Brewing Practice 
(1918).”” 

He attended the local Grammar School from the age of nine years 
mwards, exchanging this for Atherstone Grammar School during 
li. He left school when 15} years of age. He was well drilled 
in Latin and Mathematics and even learnt some Greek; years 
afterwards he polished up his Latin for the London Matriculation, 
vith the result that, in his declining days, he again read Virgil with 
interest. 

Through his classical training at school—and home practice I 
\lieve—he learnt to have regard for words and to express himself 
(early, with simple elegance : it was never in his nature to be either 
careless or florid. His real education was out of school. The father, 
ng manager of the Burton Bank, was a man of unusual ability and 
anaturalist (coleopterist) of repute; he was also both botanist and 
geologist. He had a large circle of scientific friends, some of whom 
weasionally came to stay at the bank. The boy was thus early 
brought into contact with the scientific mind and grew up in an 
wdered, intellectual atmosphere. In their walks abroad with the 
ther, the boys (Horace and Adrian) became trained field workers 
and close observers. Later on, Adrian developed more as botanist 
and fisherman, whilst Horace became more specially interested in 

An elder sister was a good pianist and Horace had musical 

ities, which she helped him to develop. He was a fair 

cello player and a great lover of Beethoven but in music was never 
imodernist and so never acquired Wagner. 

When about twelve, of his own accord, he began to pay serious 
attention to astronomy. Next he toyed with electricity. On 
coming into possession of a microscope, as a gift from his father, 

NN 
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he soon became an ardent systematic student of natural objects, 
especially of pond life. At fifteen, he was fascinated by Tyndall’; 
“* Heat as a Mode of Motion ” and also began to take up chemistry 
experimentally; he seems to have soon found his métier here and 
to have devoted all his school leisure to the study. In the course of 


a couple of years, he worked through the qualitative Fresenius in : 


the laboratory he improvised ina storeroom. At this time, he leamt 
to know Peter Griess, who undoubtedly had great influence in form. §* 
ing the bent of his boyish mind, helping him as he did to make his 
work systematic. 

We met, at the Royal College of Chemistry, in the spring of 
1865, just before Hofmann left for Germany. We became friends 
at once and remained so, without ripple of disturbance, up to his 
death in 1925. On entry he was far better prepared than are most 
students at the end of their first year—and through his own efforts. 
I well remember how we romped through the course. We were in 
the first bunch of Frankland’s students and were used by him as 
immediate tests of the system which he put forward shortly after. 
wards in his ‘‘ Lecture Notes.” We became past masters in tk 
art of constructing “imaginary” constitutional formule. (Co. 
sequently, structural chemistry grew into a habit with me and I am 
satisfied that the opportunity put me years ahead in my outlook; 
the task did not make the same appeal to Brown: he was neve 
much interested in ‘‘ futures.” 

Brown’s career at the College was a short one, as at the end d 
the year, when barely 17} years old, he accepted an appointment 
as Junior Brewer in Worthington and Co.’s brewery, next door to 
his home. We do well, in these pampered days of educational 
spoon-feeding and examinations, when boys are kept at school up 
to nineteen years of age and deprived of all opportunity of developing 
individuality and learning the ways of the world, to reflect on this 
fact: to realise that the man who ultimately took the Copley Medal 
had less than six months’ systematic academic training in chemistry 
or, for that matter, in any other branch of science. Fortunately, 
he was not taught but learnt nearly everything and by his ow 
unaided efforts, the “urge” to do something being upon him. 
Probably, his success‘was not so much due to great intellectual powel 
as to his unwearied, determined habits of study, to his breadth of | 
outlook and the sanity of his judgment. In the widest sense, 
he was a born naturalist. Finally, he became the scientific amatet! 
of high distinction—if not the only representative Chemistry has 
had in this remarkable English species, certainly to be placed in the 
front rank. q 

As Junior Brewer, his working time was twelve hours a day: 
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here Was no regular Saturday half-holiday and he was expected 
watch things on Sunday. None the less, he continued his private 
sientific studies—first in an old’ glass-house, in his father’s garden, 
jjoining the brewery; then in a small laboratory which his father 
bult specially for him. He worked under Griess’s direction and 
wcupied himself in preparing and studying the base from nitro- 
inzonitrile. The only way in which he was allowed to use his 
gientific knowledge in the brewery was in determining original 
mavities of beers. At the close of the brewing season, in May 1868, 
he spent a few weeks in Frankland’s laboratory, studying the 
«mbustion method of water analysis which Frankland and I had 
wtintroduced. On his return, he installed the necessary apparatus 
na small room which received the courtesy title Laboratory. He 
yn set to work to analyse the well waters used in his own and other 
peweries and also the Trent and the parish pumps. The verdict of 
‘swage ’’ which he returned in many cases led to the cleaning up 
ithe water supply of the district. During several years he both 
ought and talked “‘ sewage mostly.” Later on (about 1883), in 
mexion with this work, he was led for a time to take up geology 
ously and eventually contributed a valuable memoir on the 
Pmian rocks of the Leicestershire Coal Field to the Geological 
wiety (1889). 
Three or four years after entry into Worthington’s, when he had 
mastered brewing practice, mindful of his youthful experience, he 
med to the microscope. His immediate object was to discover 
le cause of ‘‘caskiness” in beer. He ultimately traced the 
tuble to the growth of the blue mould, Penicilliwm glaucum. 
He was thus led to study yeasts, more particularly as at this time 
810) he became acquainted with Pasteur’s Etudes sur le Vin; he 
t once saw the application to beer of the principles laid down by 
Pasteur for wine. He had already developed the method of ascer- 
ining the ‘‘ fate ’’ of beers in advance by “ forcing,” prior to the 
ppearance (1876) of Pasteur’s second great work Etudes sur la Biére, 
ich was to revolutionise brewing practice. 
Such was the progress he made, that in 1873, at the age of 25, he 
heme Manager of the whole of the manufacturing department of 
athington’s Brewery, a post which he occupied until 1889, when 
i became a Managing Director, on incorporation of the firm as a 
mited liability company. He retired in 1893 and left Burton for 
mdon, where he engaged in scientific work up to the year 1917. 
e married in 1874. 
A few months after Brown became chemist to Worthington’s, 
B® former teacher at the Royal College of Chemistry, Cornelius 
Sullivan, who had accompanied Hofmann to Berlin to act as his 
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lecture assistant, was appointed chemist to Bass & Co. As is well | Kew 
known, one of his first acts was to study the hydrolysis of starch § The} 
under the influence of malt diastase. He rediscovered maltose, § acco 
which chemists had forgotten. He also showed that starch was 
resolved into maltose and a dextrin, in proportions which varied 
according as the diastase had been more or less heated. His results 
were a great revelation to the brewing industry. A few years after 
Brown became Manager, he secured an assistant, John Heron, with 


whom, about 1877, he began a revision of O’Sullivan’s work. The 
inquiry was continued during many years (until 1899), in conjunc. ff rang 
tion with Morris, Millar and others. The results, although not§ discu 
identical with O’Sullivan’s, were of the same order. Various otherf§ to th 
workers have met with no better fate—starch is still an unsolved As 
riddle. To-day, we know little more in principle than O’Sullivan J appe 
taught us—though there is reason to think that we may be near tif hand 
a correct interpretation. Probably, several enzymes are concerne( intell 
in the malting process; we are assured also that “starch ”’ isa mode 
complex material. That so much energy should have been spent & simp! 
and wasted in solving the starch problem is little short of deplorable & speci: 
—and but proof that we are far from having systematised ow [™ tende 
methods of attack. Brown probably ought to have known bette was 1 
than to undertake such a task : had he known more chemistry, lef an er 
would scarcely have attempted it, at least until he had laid simple ¥ speak 
and solid foundations. entire 
About 1887, with an effort, he cut himself adrift from geologic gettin 
work, in order to take up the study of the malting process, theif he di 
in an empirical state. Discovering how ill-equipped he was ful he ha 
the inquiry, he first set to work to give himself a solid grounding§ this j 
in physiological botany generally. This he obtained, he tells wf jn sel 
in a few years time, by hard work during his leisure hours. Th In 
final result was the memoir presented, to this Society in 1890, by comr 
Morris and himself, Researches on the Germination of some of hf I spo 
Graminee. This, from the beginning, took rank as a classic and hi meth: 
work placed the malting industry upon a sound scientific basis. of exc 
His genius was even more fully displayed in the inquiry he the had a 
undertook, which he brought under the notice of the Society (¢f penet 
conjunction with Morris) in 1893, in the memoir A Contribution WM and 1 
the Chemistry and Physiology of Foliage Leaves. This again too chemi 
rank as a classic. One of the most striking conclusions arrived #§ In 
was, that the first visible product of assimilation in plants, undef descri 
the influence of chlorophyll, was not starch but cane-sugar. recent 
After his retirement from Burton, he continued the study of the «It 


assimilation process, particularly the absorption of atmospherf little 
carbon dioxide by green leaves. Much of the work was done @f the k 
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Kew, in the Jodrell laboratory, in conjunction with F. Escombe. 
They were able to show, for the first time, how it was possible to 
account for the sufficiently rapid ingress of carbon dioxide from the 
atmosphere to supply the leaf on the assumption that interchange 
took place only through the stomatal openings. Here again he laid 
solid foundations and captured the sympathy of all vegetable 
physiologists. The work was followed by a series of studies of the 
fundamental phenomena of gaseous and liquid diffusion. 

These brief references may suffice to indicate the character and 
range of his activity but are no measure of its intensity. A full 
discussion of his work will be given in my Horace Brown Lecture 
to the Institute of Brewing. 

As a man, he attracted all with whom he was in contact by his 
appearance and engaging courtesy of manner. In person strikingly 
handsome, in his later years especially, his face stamped with 
intellectuality, gifted with a most alluring persuasive voice and 
mode of address, in outlook a man of high refinement but great 
simplicity, appreciative of all forms of culture, he yet displayed no 
secial leanings towards artistry other than his love of music: his 
tndency, indeed, was rather matter of fact. Without angles, he 
was never assertive, although very firm in his opinions. Although 
an engaging conversationalist, he was always peculiarly reticent in 
speaking of himself and his own doings, even secretive. Almost 
entirely self-trained in science, he had an extraordinary faculty for 
getting up a subject and a high sense of values. Whatever he did, 
he did thoroughly. Although he had no great depth of knowledge, 
he had great feeling, especially for vegetable physiology. Probably 
this is why—apart from his work on starch—he was so successful 
in selecting and solving fundamental problems. 

In 1916, at the meeting of the Institute of Brewing to which he 
communicated his Reminiscences, in proposing the vote of thanks, 
I spoke of him as “ An original inquirer, to the manner born : the 
methods he used,”’ I said, ‘‘ were the reflexion of his own personality, 
of exceptional finish, penetrant and always philosophical. . . . He 
had always shown an instinctive sympathy with vital phenomena, a 
penetrative appreciation of the physiological significance of chemical 
and physical phenomena such as is very rarely met with in the 
chemist.”’ 

In fact, he had the universal mind and could not be better 
described than he is, by implication, in the following passage, in a 
recent work on literary criticism, by Mr. Herbert Read :— 

“It has been a common saying, since Pope first said it, that a 
little knowledge is a dangerous thing but far more dangerous is 
the knowledge which, though not little, is limited. It is idle to 
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think that any good can come of a specialisation that is not linked 
to some wider ethos or that is not subordinate to general wisdom and 
this applies not only to the scientist whom we regard, rather rasbly, 
as the only specialist but equally to the critic and the poet. |; 
may be said, that the rare occurrence of a universal mind, ag jy 
Aristotle, Leibniz or Goethe, is the definite result of a lusus nature, 
of chance, in fact . . . universality is a quality possessed by all 
the rarer spirits of any age. . . . It does not mean the possession 
of all knowledge or even necessarily of any knowledge at all. |; 
does imply a capacity to receive all knowledge and events with 
equanimity and unprejudiced percipience and to build up a positive 
attitude on this clear and secure perceptual basis.” 
Henry E. ARMSTRONG, 


SIR. JAMES DEWAR. 
1842—1923. 


JAMES DEWAR was born 20th September, 1842. He died 2ih 
March, 1923. Elected a Fellow of the Chemical Society, Decembe 
lst, 1870, he first served upon the Council 1874—77. He wa 
Vice-President, 1880—83, 1886—88, 1896—97, 1899—1921. He 


was President, 1897—99. 

The writer has attempted to picture the man—an impossilh 
task—in a Friday evening Lecture to the Members of the Royi 
Institution, delivered on 18th January, 1924.* He had previous) 
summarised his work at low temperatures and his work generally, 
as Fullerian Professor, up to 1917, in two essays, one on T'he Chareoil 
Vacuum Septenate (1909), the other on The High Vacuum Septenat 
(1917), both published in the Proceedings of the Royal Institution. 
During his lifetime, the spectroscopic work he did with his colleague, 
Prof. Liveing, was published in a volume of their Collected Papen 
(1915). The papers describing his chemical and physical wor 
have been collected and published in two large volumes, like that 0 
spectroscopy, printed at the Cambridge University Press (1927). 

Dewar was educated at the Dollar Academy (1855—58), wher 
he was distinguished in Mathematics. He entered as a first yeal 
Arts Student at Edinburgh University in 1859 and was on the 
register during the two following years. He first came under tht 
influence of David Forbes, the distinguished physicist, also a geologist 
of repute. When Forbes left Edinburgh to become Principal o 
St. Andrews, he gave Dewar the chemical case he carried with hin 

* Published separately, in advance of the Proceedings of the Institution 
for the year, by Ernest Benn, Ltd., London. 
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in his European travels. When he left Edinburgh for Cambridge, 
Dewar gave it to his nephew, Dr. T. W. Dewar, who has presented 
it (1923) to the Royal Society of Eilinburgh. Dewar was a dis- 
tinguished student in Tait’s class. 

When Lyon Playfair, the Professor of Chemistry, was able to 
take on an assistant, he engaged Dewar. On Playfair’s retirement, 
in 1868, Dewar became assistant to Crum Brown; he taught the 
Medical laboratory class. In 1869, he was appointed Lecturer and 
later Professor of Chemistry in the Royal Veterinary College. In 
1873, he also became assistant chemist to the Highland and Agri- 
cultural Society of Scotland. In 1875, he was appointed Jacksonian 
Professor in Cambridge. In 1877, he became Fullerian Professor 
of Chemistry in the Royal Institution. He held both chairs up to 
his death. 

He began to publish in 1867. In Edinburgh, his work was 
mainly in organic chemistry. In Cambridge, he devoted himself 
particularly to spectroscopic inquiry but also did fine chemical work. 
InLondon, high temperature and spectroscopic studies first engaged 
his attention. From 1884 onwards, he devoted himself to the 
development of methods of reducing the difficultly coercible gases, 
nitrogen, oxygen and hydrogen to the liquid and solid states and 
to the study of low temperature phenomena in general. He all but 
succeeded in liquefying helium but was beaten in the race by the 
superior resources of the Onnes laboratory. In his last years, he 
found solace in the soap film. Characteristic of all his work was 
the elegance and simplicity of his methods. More particularly by 
the introduction of the vacuum flask, coated internally with silver 
to reduce radiation losses (the Dewar Flask), he made possible the 
we of liquid air and liquefied gases generally as refrigerating agents. 
To him, in fact, is due the introduction of liquefied gases as weapons 
of research at very low temperatures. Later, by his discovery of 
the marvellous absorbing power of properly prepared charcoal at 
low temperatures, he greatly improved the methods of producing 
very low vacua. The immensity of the service he thus rendered, 
both to philosophical inquiry and to industrial progress, although 
admitted, is not sufficiently recognised—especially in Germany, 
where his inventions were quietly appropriated with little if any 
acknowledgment. 

The student of the Dewar Papers has a rich store before him. 
He will find something of interest and of value upon almost every 
page, if not in almost every paragraph, if he have imagination and 
teflect upon the lessons that may be read upon and between the lines. 
We are carried back to the days when the flood-tide of organic 
chemistry was but beginning to rise: the curtain goes up shortly 
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after Kekulé had propounded his views upon the constitution of 
benzene (1865), with Crum Brown and Kekulé as prompters. Thus, 
in the opening lines of the first chapter of the first book, attention is 
directed to the importance of oxidation, as a means of determining 
structure, in the following terms : 

“The syntheses and oxidation analyses of organic compounds 
have so confirmed each other in many cases, that chemists are 
enabled to judge of the structure of a compound from the oxidation 
products. Many chemists have used the oxidation method in 
special cases, the bodies operated upon belonging principally to the 
fatty series; but until Fittig and Beilstein published their memoirs 
on the aromatic compounds, it was never applied to the systematic 
study of a hydrocarbon and its derivatives. But although the 
syntheses and oxidation analyses of the derivatives of benzol con. 
firmed each other, still the structure of the original nucleus (benzol) 
remained unexplained. Kekulé’s original and elegant speculations 
on the structure of benzol and its derivatives induced me to try the 
effect of oxidising agents on benzol, with the view of eliciting 
whether the carbon atoms would separate in the way theory pointed 
out. The carbon atoms in benzol may be supposed to be arranged 
in a closed chain, where the carbon affinities are bound two and one 
alternately. Now, if we examine the formula graphically, it is 
evident there are three symmetrical groupings, C,H, (acetylene), in 
benzol. We would, therefore, expect the carbons to separate in 
twos and produce the corresponding oxidised product, C,H,0, 
oxalic acid.”’ 

Failing to oxidise benzene with permanganate, Dewar took 
phenol. He obtained oxalic acid and thought that possibly either 
fumaric or mellitic acid (!) was formed. He ends with the 
remark—*‘ The application of permanganate of potash as an 
oxidising agent in organic chemistry promises interesting results.” 
The special feature of interest in the paper, however, is the description 
that is given of ‘‘a simple mechanical arrangement adapted to 
illustrate structure in the non-saturated hydrocarbons. This little 
device is the mechanical representative of Dr. C. Brown’s well-known 
graphic notation.” An elaborate diagram is given showing 7 different 
ways of associating 6 carbon atoms, among them being the well- 
known arrangement often referred to as Dewar’s benzene formula, 
although he in no way specially calls attention to it. In the closing 
words: “‘ Naphthalene and many other hydrocarbons give elegant 
symmetrical diagrams when represented as a closed circuit,” we have 
a clear forecast of the utility of Kekulé’s conception. 

In the summer of the year (1867) in which he published this, his 
first paper, Dewar spent some time in Kekulé’s laboratory at 


Gher 
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Ghent. Under Kekulé’s direction, he there applied permanganate 
to the oxidation of coal tar bases, particularly picoline. The work 
was not completed and published until 1870. The paper contains 
the following noteworthy passage. 

‘‘ Pyridine may be written graphically as benzol in which nitrogen 
functions in place of the triatomic residue CH’’’ and thus may be 
represented as a closed chain. 


H H H 
C=C JON, 
HOY SCH HOd ‘CH 
Nc—c4% \o—c4% 

H H HH 


And, considering the stability and mode of formation of these bases, 
itis not at all improbable that they may be produced by the simul- 
taneous action of acetylene and its derivatives on hydrocyanic acid ; 
thus as three molecules of acetylene condense and form benzol, so 
may two molecules of acetylene and one of hydrocyanic acid con- 
dense and produce pyridine.” 

Someone has yet to discover means of effecting both these syntheses 
economically. 

In Ghent, Dewar became very intimate with Kekulé’s assistant 
Korner, to whom far more than to Kekulé we owe the early develop- 
ment of the position chemistry of benzene—to which Kekulé himself 
attached no particular importance, in no way foreseeing its great 
applications. The two men, both in the flush of youth, we know, 
were a wild pair—thoroughly congenial spirits. The association, 
short as it was, with such a master-worker was of the greatest value 
to Dewar; he preserved his affection for K6érner to the last. We 
often talked of him together. Whilst Kekulé was the man of affairs, 
as one so strikingly handsome and eloquent was bound to be, a 
philosopher and dreamer, K6rner was reserved and a laboratory 
worker but of incomparable skill. He gloried in preparing fine 
crystals. He it was who first saw the practical potentialities of the 
Kekulé hypothesis. Using the mere sketch Kekulé, as architect, 
had provided, he quietly put together a finished building of con- 
siderable size and suddenly unveiled this, in all its perfection, to our 
astonished gaze, choosing the language of his adopted country, 
Italy, for his description of the work. When Henry Watts asked me 
to abstract the memoir for him, I did not know a word of Italian. 
On turning over the pages, I was so attracted that, with dictionary 
and grammar bought for the purpose, I soon puzzled out the wonder- 
ful story. Such abstracting was indeed joy—I have never engaged 
ina more fascinating exercise. Why do not more young chemists 
learn to take an interest in languages in this way? Is reading a 

NN2 
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lost art—is Liebig’s well-known advice to Kekulé altogether for. 
gotten?’ Dewar was privy to Kérner’s work and ever worshipped 
his manipulative skill. The experience made him an organic 
chemist—although he soon ceased from regular active participation 
in organic inquiry. Seeing an army of locusts coming down upon 
the field, ever impatient of pot-boiling and uniformity, he gradually 
extended his operations into then almost unpeopled regions. He 
had most wonderful fingers and a sufficiently mathematical mind, 
full of physical lore, to find that ordinary laboratory work did not 
afford the variety and kind of occupation his soul desired. The vast 
potentialities of structural chemistry were then scarcely apparent, 
He had the foresight, which all but the few lack, to realise that he 
must train himself to work in any field. 

In 1868, Dewar exhibited at the B.A. meeting “‘ a model devised 
by Professor Kekulé to illustrate the structure of organic compounds, 
He explained the peculiarity of the model consisted in carbon, with 
its four atomicities, being represented by a small sphere, with four 
equal wire arms joining the centre of the sphere with the angle of 
an imaginary equilateral tetrahedron.” * 

We have here an independent record of Kekulé’s unwitting 
anticipation of his pupil van ’t Hoff’s happy use of the tetrahedron 
as the model of the carbon atom—a conception now established in the 
realm of fact by Sir William Bragg’s inspired study of the diamond. 

Latent in Dewar was the spirit of physical inquiry. Not only 
had he wonderful fingers, he was an insatiate experimenter, one who 
loved just to try things, to see what would happen; moreover, he 
was in contact with the physicist Tait. Chemico-physical inquiry 
gave him opportunities which organic chemistry did not seem to 
offer. So it comes that, among his early contributions, some are 
semi-physical. In his lectures at the Royal Institution, he never 
failed to grip his audience, not by his eloquence nor by the clearness 
of his expositions—actually he was difficult to follow—but by the 


extraordinary display he made of experimental illustrations which . 


fascinated by their elegance and originality. Faraday took pains 
but he handled simpler themes. Dewar took more than pains. 
The stock illustrations made no appeal to him but he developed 
lecture-demonstration to a fine art. In the course of sixty years 
I have listened to all the great lecturers on Friday evenings—others 
may have told their story more clearly, more convincingly; 10 
one has ever approached him in the calculated perfection of his 
illustrations. He regarded the lecture as an artistic performance, 
to be staged with absolute forethought and utmost care, provided 
with original scenery and all necessary appointments, without count 


* Compare Japp: Kekulé Memorial Lecture. 
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of cost. He had the same ambition in the R.I. lectures that his 
friend Irving, the great actor, had on the Lyceum stage. 

The accounts on record give but the faintest idea of the perform- 
ances we witnessed. Only those who have seen the two men on 
their respective stages have any clear idea of the way in which 
their actions were adjusted to and supported by their surroundings. 
Neither was the mere professor : both men were artists through and 
through. 

Dewar’s artistry is already apparent in the fifth of his recorded 
compositions—that on the motion of a palladium plate during the 
formation of Graham’s hydrogenium. Graham was then Master of 
the Mint—my fellow-student, Roberts Austen, was the assistant 
who carried out the hydrogenium experiments for him. Dewar, 
through Playfair, had known Graham in Glasgow and, of course, 
was attracted by his work. ‘‘ During the course of an experimental 
exhibition of Graham’s discovery, I noted several phenomena 
associated with the occlusion of hydrogen by palladium, when it is 
made the negative electrode during the electrolysis of water; and 
« they illustrate, in a new form, the results already arrived at by the 
Master of the Mint, with his permission, I am induced to bring them 
before the Society,” are the words with which he explains the origin 
of his attention to the subject. The peculiar behaviour of palladium 
towards hydrogen is illustrated in the most perfect manner in the 
memoir. 

From palladium we pass to chlorosulphonic acid (B.A. 1869, 
with Cranston). To me, this essay is specially interesting, as at the 
same time I was doing practically the same work at Leipzig, using 
sulphuric anhydride alone, whilst Dewar and Cranston used it in 
conjunction with hydrogen chloride. The object they had in view was 
tostudy the action of the sulphonic chloride, SO,HCI, upon phenol, 
asa sulphonating agent. Finding that they had been anticipated 
by Engelhardt, they attempted to prepare Kolbe’s CCl,SO,H by 
sulphonating chloroform and instead obtained carbonyl chloride, 
hydrogen chloride and sulphur dioxide, the chloride acting as if it 
were sulphuric anhydride, as it often does. 

They also found that when heated with carbon disulphide, it gave 
tise to carbonyl sulphide and sulphur dioxide. Commencing with 
the anhydride, SO,, I had attempted to prepare sulphonic chlorides of 
the chlorinated methyls but instead obtained carbonyl chloride and 
8,0,CL, from carbon tetrachloride and the same products as Dewar 
and Cranston from chloroform. I also prepared carbonyl sulphide 
fom carbon disulphide and sulphuric anhydride. Dewar and 
Cranston remark “ probably the reaction (with SO,HCl) would 
succeed better by the action of SO3.”’ 
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At that time, not a few of us were all working in one direction, 
Engelhardt, as well as Dewar and Cranston, under the spell of 
Kekulé’s hypothesis, were studying the formation of isomeric 
derivatives of benzene, I also had begun (1868), at Kolbe’s sugges. 
tion, to work on phenolsulphonic acids. Desiring to have another 
string to my bow, after reading Robert Williamson’s account of 
chlorosulphonic acid, being familiar with sulphonic anhydride, it 
occurred to me to attempt to prepare ethereal derivatives of the 
chloride from the chlorinated hydrocarbons. I began with ethy! 
chloride and was studying the compound SO,CIC,H,; when a former 
student of Kolbe’s, in the late summer of 1868, the Russian von 
Purgold, called on Kolbe, on his way home from Paris, with a paper 
in his pocket just published in the Comptes rendus on the same 
subject. So I turned to chloroform, carbon tetrachloride and 
disulphide. 

An interesting note on the atomic volume of solid substances 
(1870) deserves notice here. It merely has to do with the alter. 
ation in atomic volume, supposedly of the oxygen, in various oxygen 
compounds. This is a problem which has often been discussed, 
hitherto with no satisfactory result. 'We may hope that with the 
aid of X-ray and crystallographic study, we shall, at no distant 
date, be able to arrive at more definite conclusions. Dewar specially 
directs attention to potassium chlorate, bromate and iodate. The 
volume of the oxygen in potassium chlorate, supposing the chloride 
to retain its volume, is 15, whereas it is only 7 in the bromate and ( 
in the iodate, supposing the iodide to retain its original volume in 
the iodate. Supposing that oxygen be the dominant element—as 
it may well be—it is conceivable that bromine in the bromate and 
iodine in the iodate may be thought of as shrinking to the volume 
of the chlorine in the chloride—at least, as Barlow and Pope have 
suggested, that there may be a mutual adjustment, to allow of iso- 
morphous relationship. In point of fact, whatever we assume, we 
know nothing of the structure of these substances—whether they be 
open or closed systems. In the age-long controversy on this 
subject, no definite evidence either way has been produced. 

Dewar worked with his friend Gamgee the physiologist on cystine. 
He also carried out two physiological inquiries with his great friend 
McKendrick, another physiologist. The first of these, on the 
physiological action of light, I know was suggested by Dewar, 
after McKendrick had expressed the desire to work with him. The 
experiments were carried out mostly at night, as they involved the 
practice of vivisection. The inquiry seems to have led to a corte: 
spondence in the local press, re disappearance of cats from the district. 
Dewar’s interest in the work lay on the physical side, I suspect. | 
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never discovered that he had any special interest in biological 
inquiry. The research involved a large amount of very delicate 
and exact observation and is a brilliant inquiry. The second of their 
joint investigations was on the physiological action of the chinoline 
and pyridine bases. 

During the period up to 1873, when he left Edinburgh for Cam- 
bridge, Dewar was chiefly occupied with organic problems, occa- 
sionally interspersed with physical. In these latter, however, he 
laid the foundations of two of his greatest achievements—the 
Dewar vacuum vessel and the use of charcoal as an absorbent. In 
Gambridge, he still dallied with organic chemistry but was soon 
attracted to spectroscopy. Lockyer had set us by the ears, by his 
outrageous statements on the subject of elementary decompositions 
at high temperatures. Dewar could not look on quietly under such 
circumstances and he entered the field against Lockyer. His 
immediate colleague was the late Prof. Liveing, a man held in the 
deepest respect at Cambridge and by all who were privileged to know 
him. He had been appointed to his Chair in almost primitive 
tines, when chemistry was all but unknown as a subject of system- 
atic study. In character, the two men stood at opposite poles— 
Dewar being fiery, impetuous, so brimming over with enthusiasm and 
feeling as to be almost uncontrollable; Liveing, calm, deliberate 
and highly judicial, never carried away by his feelings. That 
Liveing learnt to appreciate Dewar’s great genius—I will even say 
to love him—and ever sought to balance his activity was proof of 
the clearness of his insight and of his magnanimity. He did what 
few elder men do. Recognising the ability of his young colleague, 
carried away I am sure by his pertinacious enthusiasm, he prac- 
tically placed himself at his disposal as his assistant and developed 
an amazing ability and industry as a spectroscopist. Previously 
he had published nothing. From 1878 onwards, they produced a 
stream of memoirs now available in the volume of their collected 
papers. The work they did together at once took rank as trust- 
worthy, at a time when much loose work was being done. Now 
that spectroscopy is no longer the empirical subject it was and 
spectra are subject to rational interpretation, it is to be hoped that 
the great mass of results they accumulated will prove to be of 
value. 

As years went on, Dewar spent more and more of his time at the 
laboratory of the Royal Institution. Receiving no proper en- 
couragement at Cambridge, once bitten with a love for low temper- 
atures, he gradually surrounded himself in London with an engineer- 
ing plant which to-day would rank as ridiculous in its simplicity. 
With it, however, he effected marvels. He did his work with the aid 
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of a few chosen skilled assistants. In early days, he was greatly 
helped by the late Mr. Robert Lennox. i 

As Jacksonian Professor, he only lectured at Cambridge and had 
little occasion to deal with students. That he had an eye for 
special genius is clear, however, first in his selection of Liveing; 
then of Dr, Alexander Scott, to aid him in exact analytical inquiry; 
finally, of the late H. O. Jones, a chemist of unusual ability and 
great promise, who was associated with him in his work on nickel 
and iron carbonyls and in the study of carbonic sulphide, CS. 

As a good example of the richness of the fare provided in the 
Collected Papers, the following is taken from his New Researches on 
Liquid Air :—(TI. p. 458) : 


“« Samples of Air Liquefied in Sealed Flasks. In a paper ‘On 
the relative behaviour of chemically prepared and of atmospheric 
nitrogen,’ communicated to the Chemical Society in December 1894, 
the plan of manipulating such samples was described. The arrange 
ment shown in Fig. 4 illustrates how oxygen in A under 0-21 atmo. 
sphere pressure and nitrogen in B under 0-79 atmosphere can be 
compared as to the first appearance of liquefaction in each and 
finally as to their respective tensions when the temperature is as 
low as that of solid nitrogen. The flasks A and B have a capacity 
of more than a litre. Each has a manometer sealed on and in each 
phosphoric anhydride is inserted to secure dryness. A large vacuum 
vessel C holds the liquid air, which is gradually lowered in temper- 
ature by boiling under exhaustion. The moment liquefaction takes 
place, the tubes D’, D” begin to show liquid. These tubes must 
be drawn fine at the end when accurate observations are being made. 
In the same manner two oxygen flasks were compared. One was 
filled with gas made from fused chlorate of potash, contained in a 
side tube sealed on to the flask. The other was treated in the same 
way, only the chlorate had a little peroxide of manganese added. 
The former gave perfectly clear blue liquid oxygen, the latter was 
turbid from solid chlorine. ‘Two flasks of dry air that had stood over 
phosphoric anhydride were liquefied side by side, the only difference 
between the samples being that one was free from carbonic acid. 
The one gave a liquid that was perfectly clear, the other was turbid 
from the 0-04 per cent. of carbon dioxide. 

The temperature was lowered by exhaustion until samples of 
liquid air from two flasks placed side by side as in Fig. 4 became 
solid. The flasks were then sealed off for the purpose of examining 
the composition of the air that had not been condensed. The one 
sample contained oxygen, 21-19 per cent. and the other 20-7 per 
cent. This is an additional proof to the one previously given that 
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substantially, the oxygen and nitrogen in air liquefy simultaneously, 
even under gradually diminishing pressure and that in these 
experiments all the known constituents of air are condensed together. 
These results finally disprove the view expressed in “‘ A System of 
Inorganic Chemistry” by Professor Ramsay where he says: 
“Air has been liquefied by cooling to —192° but as oxygen and 
nitrogen have not the same boiling point, the less volatile oxygen 
doubtless liquefies first.” My old experiments showed that the 


Fie. 4. 
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substance now known as argon became solid before nitrogen but 
chemical nitrogen and air nitrogen, with its 0-1 per cent. of argon, 
behaved. in substantially the same way on liquefaction. 

Liquid Nitric Oxide.—Great interest attaches to the behaviour 
of nitric oxide at low temperatures. Professor Olszewski has 
examined the liquid and describes it as colourless. Samples of 
nitric oxide have been prepared in different ways. These have been 
transferred to liquefaction flasks, where they were left in contact 
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with the anhydrous potash, sulphuric acid alone, a mixture of sul. 
phate of aniline and sulphuric acid or phosphoric acid, for many days 
before use. Each of the samples, when cooled, gave a nearly white 
solid, melting into a blue liquid. The colour is more marked at the 
melting point than at the boiling point. Liquid nitric oxide is not 
magnetic ; neither is the solid phosphorescent. Colour in the oxides 
of nitrogen evidently begins with the second oxide. Solid nitric 
oxide does not show any chemical action when placed in contact with 
liquid oxygen provided the tube containing it is completely immersed; 
but if the tube full of liquid oxygen is lifted into the air, almost 
instantly a violent explosion takes place.” 


In fact, the student of the Dewar papers will find them crowded 
with observations of historic and scientific value in an extraor. 
dinarily wide field of chemical and physical inquiry and nothing 
short of an original conspectus of the properties of matter at the very 
lowest temperatures, a mine of wealth awaiting exploitation. The 
lessons to be learnt from them are innumerable. A large part of the 
matter is put upon record, for the first time, in a way to make it 
available. In early years at the Royal Institution, Dewar was with 
difficulty persuaded to put his results upon paper. Much of his 
work was but briefly referred to in abstract accounts of his Royal 
Institution lectures. The accounts, therefore, are often not easy 
to understand and are obviously incomplete. Whatever the 
interpretation of the records, the two volumes make a most imposing 
show and probably it is not going too far to say, that no other 
single worker, except Faraday, has so varied and weighty a record of 
experimental achievement to his name. 


In Sir James Dewar, as in Davy and Faraday, his predecessors at 
the Royal Institution, the value of genius, unhampered, unre- 
stricted and in the main reliant upon its own efforts, stands displayed 
before the world in matchless perfection. 

Henry E. ARMSTRONG. 
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CXXXVI.—T he Oxidation of Nitrophenylcyanoacetates. 
Part II. 


By ARTHUR FAIRBOURNE and Harotp RicHARD Fawson. 


THE oxidation of certain nitrophenylcyanoacetates by chromic 
anhydride, hydrogen peroxide, and nitric acid has been studied, 
and the results indicate that the nature of the product depends 
upon the nitrophenyleyanoacetate rather than upon the agent 
employed. For example, of the three types of product obtained, 
viz. (a) ketonic ester, (b) substituted succinic ester, and (c) malon- 
amate, ethyl 2: 4-dinitrophenyleyanoacetate is oxidised to the 
type (a) by chromic anhydride, hydrogen peroxide, or nitric acid ; 
ethyl p-nitrophenylcyanoacetate is oxidised to the type (b) by 
chromic anhydride, hydrogen peroxide, or 20° nitric acid; ethyl 
2: 4-dinitrophenylchlorocyanoacetate is converted into the type 
() by chromic anhydride or sulphuric acid, nitric acid and hydrogen 
peroxide having no action under the conditions employed; and 
ethyl 2: 4: 6-trinitrophenylchlorocyanoacetate does not react in 
any of these ways. 

In Part I (J., 1927, 46) the oxidation by chromic anhydride 
was supposed to proceed through an intermediate hydroxy-ester, 
R-C(OH)(CN)-CO,Et, but only in the case of a brominated 
2: 4-dinitrophenyleyanoacetate was a compound having the re- 
quired composition isolated ; its formation was regarded as evidence 
that the bromine atom was in the benzene ring and a hydroxyl 
group in the side chain. The similar behaviour of the corresponding 
chloro-compound (loc. cit., p. 50) on oxidation seemed to confirm 
this view, but the unexpected removal of the halogen by alkali 
has now indicated that correct formule had not been assigned to 
the two compounds. 

When the chlorination product of ethyl 2 : 4-dinitrophenyl- 
sodiocyanoacetate reacts in alcoholic solution with the silver deriv- 
ative of ethyl 2 : 4-dinitrophenylcyanoacetate, some silver chloride 
is produced together with ethyl «®-bis-2 : 4-dinitrophenyl-aB-di- 
cyanosuccinate; the yield of the latter, however, never exceeds 
50%. This apparent proof of the position of the halogen atom in 
the chlorination product was therefore rendered indecisive by the 


CH, (NO,).*CAg(CN)-CO,Et CgH,(NO,)_°C(CN)-CO,Et 


~- —-> | 
C,H,(NO,).*CCI(CN)-CO, Et C,H, (NO,),*C(CN)-CO,Et 


discovery that the same bisdinitrophenyldicyanosuccinate is formed, 
together with metallic silver, when the silver derivative of ethyl 2 : 4- 
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dinitrophenyleyanoacetate is boiled alone in alcohol (a synthesis 
believed to be without precedent; compare, however, Kharasch, 
J. Amer. Chem. Soc., 1921, 43, 2239). An attempt to synthesise 
the same succinate by the action of metallic silver upon the 
chlorination product alone was unsuccessful. 

The position of the halogen atom in the side-chain of the product 
of the chlorination or bromination of ethyl 2 : 4-dinitropheny]. 
sodiocyanoacetate was definitely established by the preparation of 
ethyl 2: 4-dinitrobenzoylformate phenylhydrazone (identical with 
an authentic specimen ; loc. cit., p. 49) from both products. 

The alleged hydroxy-esters obtained by the action of chromic 
anhydride on ethyl 2 : 4-dinitrophenylchlorocyanoacetate and ethyl 
2 : 4-dinitrophenylbromocyanoacetate in acetic acid are actually 
ethyl dinitrophenylhalogenomalonamates, for they are also formed 
by means of sulphuric acid without the use of chromic anhydride, 
and yield 2 : 4-dinitrophenylhalogenoacetamides on elimination of 
the carbethoxy-group. 

The compounds previously described (loc. cit., pp. 49, 50) as ethyl 
2 ; 4-dinitrobromophenylcyanoacetate and ethyl 2 : 4-dinitrochloro. 
phenyleyanoacetate are ethyl 2 : 4-dinitrophenylbromocyanoacetate 
and ethyl 2 : 4-dinitrophenylchlorocyanoacetate, respectively. 


EXPERIMENTAL. 


Ethyl 2 : 4-Dinitrophenylchloromalonamate, 

C,H,(NO,).°CCl(CO-NH,)-CO,Et. 
—(a) A mixture of chromic anhydride (0-6 g.) and ethyl 2 : 4-dinitro- 
phenylchlorocyanoacetate (2-5 g.) in 15 c.c. of glacial acetic acid was 
boiled for ? hour, some of the solvent was then distilled off, and 
the residue was poured into water. The product crystallised from 
alcohol in rhombic plates, m. p. 121°, which gave a purple color. 
ation with alcoholic potash (Found: Cl, 10-9. (C,,H,,0,N,C 
requires Cl, 10-7%). 

(6) A solution of 0-5 g. of ethyl 2 : 4-dinitrophenylchlorocyano- 
acetate in 2-5 c.c. of concentrated sulphuric acid was kept at 80° 
for 4 hour and then poured into water. After crystallising from 
alcohol, the product, alone or when mixed with that described in 
(a), melted at 121°. 

2 : 4-Dinitrophenylchloroacetamide, C,H,(NO,).*CHCl-CO-NH,.—A 
solution of 1 g. of ethyl 2 : 4-dinitrophenylchlorocyanoacetate in 
5 c.c. of concentrated sulphuric acid was heated at 120—130° for 
4 hour and then poured into 45 c.c. of water. A brown gum separ- 
ated, from which crystals were obtained at 0°. These were boiled 
with charcoal in alcohol and recrystallised, giving white needles, 
m. p. 134°; on treatment with alcoholic sodium hydroxide, a red- 
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dish-purple colour developed (Found : Cl, 13-4; N, 16:3. CgH,O;N,Cl 
requires Cl, 13-6; N, 16-2%). 
Ethyl 2 : 4-Dinitrophenylbromomalonamate, 
C,H,(NO,).°CBr(CO-NH,):CO, Et. 
—This compound was previously prepared by method (a) and erron- 
eously described as ethyl 2 : 4-dinitrobromophenylhydroxycyano- 
acetate (loc. cit., p. 50). It has now been obtained by method (b). 
The two specimens melted separately or together at 157°. 
2:4-Dinitrophenylbromoacetamide was prepared in an exactly 
similar manner to the chloroacetamide. It melted at 160°, and 
gave a deep reddish-purple coloration with alcoholic sodium hydr- 
oxide (Found: N, 14-1. C,H,O;N,Br requires N, 13-89%). 

Ethyl «®-Bis-2 : 4-dinitrophenyl-«8-dicyanosuccinate—(a) 2-5 G. 
of the silver derivative of ethyl 2 : 4-dinitrophenylcyanoacetate 
(loc. cit., p. 48) were boiled with 0-8 g. of iodine in alcohol for } hour, 
silver iodide being formed. The hot filtered solution deposited a 
slid, which, after being treated with warm ether, crystallised from 
glacial acetic acid in colourless, hexagonal plates. The substance 
vas not attacked by concentrated nitric acid and gave a red color- 
ation on treatment with alcoholic sodium hydroxide (Found : 
(,47-2; H, 3:2; N, 14:9. C,.H,,0,.N, requires C, 47-5; H, 2-9; 
N, 15-1%). 

(b) 2-2 G. of the preceding silver derivative were boiled with an 
equivalent quantity of ethyl 2 : 4-dinitrophenylchlorocyanoacetate 
in 20 c.c. of aleohol for 4 hours. The product was isolated from the 
hot filtered solution as in method (a). 

(c) 1 G. of the silver derivative of ethyl 2 : 4-dinitrophenyleyano- 
acetate was boiled for 2—3 hours with 10 c.c. of alcohol; metallic 
silver was then deposited upon the walls of the flask. The ester 
separated from the hot, filtered solution on cooling, and was purified 
as before. 

The three specimens, alone or mixed, melted at 156°. 

Preparation of Ethyl 2:4-Dinitrophenylbenzoylformate Phenyl- 
hydrazone from Ethyl 2 : 4-Dinitrophenylchlorocyanoacetate and from 
Ethyl 2 : 4-Dinitrophenylbromocyanoacetate—Kither compound in 
ethereal solution was slowly added, with thorough mixing, to an 
excess of }NV-sodium hydroxide, and the whole was warmed to 40— 
50°. The resulting solution was acidified with sulphuric acid and 
shaken with ether. From the extract, dried over sodium sulphate, 
an oil was obtained which, upon being boiled in glacial acetic acid 
with an excess of chromic anhydride for } hour and poured into 
water, yielded a viscous material. This was warmed in dilute acetic 
acid solution with a few drops of phenylhydrazine for } hour; the 
phenylhydrazone that separated crystallised from glacial acetic acid 


1080 CHATTAWAY AND COULSON: THE MONONITROBENZILS 


in golden-yellow needles which melted, alone or mixed with an 
authentic specimen (J., 1927, 49), at 170°. 

Ethyl 2:4 : 6-trinitrophenylchlorocyanoacetate was prepared by 
treating ethyl 2 : 4 : 6-trinitrophenylcyanoacetate in the theoretical 
quantity of sodium hydroxide solution with chlorine until the red 
colour was destroyed. The ester separated on warming and shaking, 
and was obtained in rhombic plates, m. p. 118°, by crystallisation 
from alcohol (Found : Cl, 9-9. C,,H,O,N,Cl requires Cl, 9-9%). 

Oxidation with Nitric Acid or Hydrogen Peroxide.—(i) A solution 
of ethyl p-nitrophenyleyanoacetate (2 g.) in glacial acetic acid 
(10 c.c.) was heated with 2 c.c. of hydrogen peroxide on a water. 
bath for 20 minutes. On cooling, ethyl «$-di-p-nitrophenyl-«8-di- 
cyanosuccinate separated ; after several crystallisations from glacial 
acetic acid, it melted, alone or mixed with an authentic specimen 
(J., 1927, 49), at 209°. 

Oxidation with concentrated nitric acid produced p-nitrobenzoic 
acid, but by means of 20% nitric acid at 100° ethyl «8-di-p-nitro. 
phenyl-«@-dicyanosuccinate was obtained. 

(ii) Ethyl 2 : 4-dinitrophenyleyanoacetate (3 g.) was heated with 
15 c.c. of concentrated nitric acid on a water-bath for 5—10 minutes 
until dissolved. Water was added to the mixture, and ethyl 
2: 4-dinitrobenzoylformate then separated as a yellow oil, which 
solidified after cooling in ice for some time. After crystallising 
from glacial acetic acid and from alcohol, it melted at 89°, alone or 
mixed with an authentic specimen (J., 1927, 49). 

0-5 G. of the ester, dissolved in a little glacial acetic acid, was 
heated on a water-bath with an excess of hydrogen peroxide for 
4 hour. On cooling, and dilution with water, ethyl 2 : 4-dinitro- 
benzoylformate separated; it was identified by the mixed melting- 
point method. 


Kina’s CoLLEGE, LONDON. [Received, May 26th, 1927.] 


CXXXVII.—The Mononitrobenzils and the Hetero- 
nuclear Dinitrobenzils. 


By FREDERICK DANIEL CHATTAWAY and EpwarRpD Auty CouLson. 
7 


WHEN benzil is nitrated, three of the six possible heteronuclear 
dinitrobenzils are formed, 3 : 3’-dinitrobenzil in largest amount and 
2 : 3’-dinitrobenzil and 2 : 2’-dinitrobenzil in smaller quantities, the 
group *CO-CO: directing the entering nitro-groups into meta- and 
ortho-positions only (Chattaway and Coulson, J., 1926, 1070). 
The group :CH(OH):, however, which is present in benzoin, is 
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para-ortho-directing and, although the viscid product of the 
regulated nitration of benzoin cannot itself be crystallised and 
separated, the three theoretically possible mononitrobenzils can be 
isolated from the mixture obtained when it is oxidised by ordinary 
concentrated nitric acid. 4-Nitrobenzil (I) is thus obtained in 
considerable amount and 3- and 2-nitrobenzils (II and ITI) in much 
smaller quantities. 

Each of these three mononitrobenzils can be further nitrated by 
fuming nitric acid, the second entering nitro-group being directed 
by the -CO-CO: group as before mainly into the meta- and to a much 
smaller extent into the ortho-position in the unsubstituted nucleus. 
Two of the three heteronuclear dinitrobenzils previously unknown 
are thus formed as well as the three previously obtained. 

In no case has even a slight amount of para-substitution been 
observed. 

It is not, however, necessary to isolate these mononitrobenzils to 
obtain the new heteronuclear dinitrobenzils, for when a solution of 
benzoin or acetylbenzoin in excess of fuming nitric acid is kept at 
the ordinary temperature, dinitration, followed by oxidation, 
occurs. From the product the two heteronuclear dinitrobenzils 
previously wanting to complete the series, the 2 : 4’- and the 3 : 4’-di- 
nitrobenzils (V and IV), can be isolated as well as a very small 
amount of the 4 : 4’-isomeride (VI). The formation of the 4 : 4’-iso- 
meride is possibly due to the orienting influence of the -CH(OH)- 
group of the benzoin being slightly effective in the nucleus to which 
itis only indirectly attached. A small amount of the 2 : 3’-isomeride 
previously obtained by the nitration of benzil itself is also formed. 

The six theoretically possible heteronuclear dinitrobenzils have 
thus been obtained by the nitration of benzil and of benzoin. 

3 : 4’-Dinitrobenzil is dimorphic ; the form unstable at the ordinary 
temperature is of deeper colour and lower melting point than the 
stable form. 

The constitutions of these compounds have been established by 
oxidising them with chromic acid to the corresponding nitrobenzoic 
acids. A number of derivatives of each have been prepared serving 
for their identification. 

No dinitrobenzil containing an o-nitro-group forms an osazone 
and both the 2 : 2’- and the 2 : 3’-dinitrobenzil form a monohydrazone 
only with difficulty. 

2 : 2’-Dinitrobenzil also does not form a quinoxaline and is the 
only one of the mono- and di-nitrobenzils which is not readily oxidised 
by chromic acid. These peculiarities of behaviour may be ascribed 
either to the steric or to the polarity effects of the o-nitro-groups 
on the adjacent keto-groups. Both the 4-nitrobenzi] and the 
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2: 4’-dinitrobenzil yield pairs of apparently structurally isomeric 
monohydrazones, but from the other unsymmetrical heteronuclear 
dinitro-benzils in each case only a single monohydrazone has been 
obtained. 

The following scheme shows the mode of formation of the various 
mono- and heteronuclear di-nitrobenzils: S = regulated nitration 
in acetic anhydride; ZL = long interaction with anhydrous nitric 
acid on 1-5); O = oxidation with ordinary nitric acid (d 1-4). 


O CO——CO CO——CO 


QO» QO* QQ 


pe m. p. 127°; ,m. p. 135°.) Cy - p- sy 
"att, m. -P- 137°.) 


4 


(II., m. p. 120°.) (III., m. p. 102°.) 
2°.) > til N | : x | 
y 


CO——CO pds CO——CO 


mo) Oro 0) O "O_O" 


(VII., m. p. 132°.) (VIII., m. p. 149°.) (IX:, m. p. 208°.) 


EXPERIMENTAL, 

The Regulated Nitration of Benzoin.—By nitration of benzoin 
(Zinin, Annalen, 1864, Suppl. 3, 153; Hausmann, Ber., 1890, 23, 
532) or acetylbenzoin (Francis and Keane, J., 1911, 99, 344) with 
fuming nitric acid, followed in the latter case by oxidation, it was 
found impossible to get a good yield of 4-nitrobenzil, the product of 
nitration being gummy and uncrystallisable. The following method, 
however, gave a good result. 

100 G. of benzoin, dissolved in 500 c.c. of acetic anhydride 
containing 100 g. of concentrated sulphuric acid (whereby the 
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benzoin was probably first acetylated), were slowly treated at -10° 
with 55 g. of finely powdered potassium nitrate; the temperature 
was not allowed to rise above 0°. After remaining for 2 days at the 
ordinary temperature, the reaction mixture was poured onice. The 
cream-coloured, semi-solid mass that separated was removed, 
drained, and oxidised by boiling with concentrated nitric acid 
(41-5; 3 parts by wt.). When no more nitrous fumes were evolved, 
the solution was poured on ice, and the yellow viscid mass that 
separated was well washed with boiling water and crystallised twice 
from acetone and once from alcohol, 50 g. of pure 4-nitrobenzil, 
m. p. 142°, being obtained (yield 42%), 

The acetone mother-liquors were diluted with alcohol, and a yellow 
friable mass of crystals, m. p. 103—106°, slowly separated, which 
contained 3- and 2-nitrobenzils. The former, being less soluble, was 
obtained by extracting the mixture with insufficient boiling alcohol 
completely to dissolve it and then crystallising the residue from 
acetone or alcohol till it melted sharply at 120° (yield, 1 to 2 g. of 
3-nitrobenzil). When no more 3-isomeride could be separated, the 
final residue was crystallised six or seven times from alcohol and 
yielded 1 g. of pure 2-nitrobenzil, m. p. 102°. 

Oxidation of 4-Nitrobenzil (I).—A solution of 1 g. of 4-nitrobenzil 
in acetic acid containing chromic anhydride was boiled for a few 
minutes, concentrated, and extracted with warm dilute aqueous 
caustic soda. The filtered extract yielded on acidification 0-94 g. 
of a mixture of p-nitrobenzoic and benzoic acids. The latter was 
separated by sublimation and had m. p. 121°; the residue on 
crystallisation from water had m. p. 235° (wt. 0-4 g.). Both were 
identified by mixed m. p. determinations. 

Isomeric Monophenyihydrazones of 4-Nitrobenzil_—4-Nitrobenzil 
(2-45 g.) was warmed with a solution of 1-1 g. of phenylhydrazine 
in 30 c.c. of alcohol until it dissolved ; on cooling, there was obtained 
4 mixture of two substances, which were separated by fractional 
crystallisation. The less soluble, which was present in greater 
amount, crystallises in yellow, elongated, rhombic plates, m. p. 
200° (Found: N, 12:3. Cy 9H,,0,N, requires N, 12-2%). Theother 
isomeride crystallises in orange, rhombic plates, m. p. 162° (Found : 
N, 120%). The m. p. of a mixture of the two showed a depression 
and they appear to be structurally isomeric monophenylhydrazones 
of the formule NO,°C,H,°C(:N-NHPh)-COPh and 

NO,°C,H,4°CO-C(-N-NHPh)Ph. 
No evidence on which to assign these formule more exactly was 
obtained. ° 
4-Nitrobenzilosazone was obtained by boiling the diketone with an 
excess of phenylhydrazine and phosphoric oxide. It crystallised 
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from hot acetic acid in very small, orange-coloured needles, m. p, 
216° (Found: N, 15-8. C,,H,,O,N; requires N, 16-0%). 

2-p-Nitrophenyl-3-phenylquinoxaline crystallised from boiling acetic 
acid, in which it is very soluble, in large, irregular, colourless plates 
which became opaque and fell to powder when removed from the 
mother-liquor (probably owing to loss of loosely combined acetic 
acid), and melted at 161° (Found: N, 13-0. C,9H,,;0,N, requires 
N, 12:8%). 

Oxidation and Nitration of 3-Nitrobenzil (I1).—3-Nitrobenzil is 
readily soluble in boiling alcohol and very readily soluble in boiling 
acetic acid, acetone, chloroform, and benzene. It crystallises from 
alcohol in pale yellow, rhombic plates, m. p. 120° (Found: N, 5-4. 
C,,H,O,N requires N, 5-5%). 

This isomeride on oxidation (for method see p. 1083) gave benzoic 
and m-nitrobenzoic acids, which were separated by sublimation of 
the former. 

The difficulty of preparing 3-nitrobenzil in a perfectly pure state 
has hindered the investigation of its derivatives, but it has been 
found to be readily nitrated to give a mixture of 3:3’- and 
3: 2’-dinitrobenzils. A solution of 1 g. of 3-nitrobenzil in 2 g. 
of fuming nitric acid (d 1-5) was boiled a few minutes and then diluted 
with water. The yellow, viscid, semi-solid product, after being 
boiled with water, drained, and dried, soon solidified. It was 
crystallised three times from boiling acetone and 0-4 g. of 3:3’-dinitro- 
benzil, m. p. 132° (m. p. of mixture with 3 : 3’-dinitrobenzil prepared 
from benzil not depressed), was obtained. The acetone mother- 
liquors deposited a mixture of crystals of 3 : 3’- and 3 : 2’-dinitro- 
benzils. By washing these with cold acetone, the former were 
dissolved away, leaving 0-1 g. of the 3 : 2’-isomeride which, after one 
crystallisation from acetic acid, had m. p. 149° (m. p. of mixture 
with 3 : 2’-dinitrobenzil prepared from benzil not depressed). 

Oxidation and Nitration of 2-Nitrobenzil (III).—This isomeride is 
similar in appearance to the 3-isomeride, but is rather more soluble 
in all solvents, and the pale yellow rhombic crystals become green 
on exposure to light (thus resembling the three heteronuclear 
dinitrobenzils containing one or more o-nitro-groups). When pure, 
this substance has m. p. 102° (Found: N, 55%). List, who first 
prepared it from o-nitrodeoxybénzoin (Ber., 1893, 26, 2453), gave 
m. p. 98°. 

On oxidation as before, a mixture of benzoic and o-nitrobenzoic 
acids was produced, from which the latter was obtained pure by 
sublimation of the benzoic acid. 

2-Nitrobenzil was nitrated in a similar way to the 3-isomeride 
with fuming nitric acid (d 1-5), and the product from 1 g. yielded 
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0:5 g. of pure 3 : 2’-dinitrobenzil, m. p. 149°, and a smaller amount 
of 2: 2’-dinitrobenzil, m. p. 208°, after fractional crystallisation 
from acetone. 

Nitration of 4-Nitrobenzil: Preparation of 3:4'- and 2:4’- 
Dinitrobenzils.—The best method of preparing 3: 4’- and 2: 4’-di- 
nitrobenzils in quantity is by the nitration of pure 4-nitrobenzil, 
since @ product is obtained which contains little besides these two 
isomerides and is consequently much easier to crystallise fractionally 
than the more complicated mixture of isomerides obtained by 
dinitration and subsequent oxidation of benzoin or acetylbenzoin. 

A solution of 13 g. of 4-nitrobenzil in 26 g. of fuming nitric acid 
(d 1-5) was slowly heated and finally boiled gently for 15 minutes. 
It was then poured on ice. The yellow semi-solid product, which 
hardened after being washed with boiling water, drained, and dried, 
was powdered and extracted with insufficient boiling chloroform 
completely to dissolve it. The small residue, on repeated crystallis- 
ation, yielded only 3 : 4’-dinitrobenzil, m. p. 137°, thus showing that 
no 4: 4'-dinitrobenzil had been formed in the nitration, for this 
isomeride is much less soluble in chloroform than any other that 
could have been present. 

The chloroform extract, when rapidly cooled, deposited deep 
yellow, compact crystals of the unstable polymorph of 3 : 4’-dinitro- 
benzil fairly free from 2 : 4’-dinitrobenzil. The processes of solution 
in chloroform and rapid cooling were repeated till the m. p. of the 
product, after one crystallisation from acetic acid, was 137°, showing 
it to be quite pure. The chloroform mother-liquors were diluted with 
alcohol and the mixture of 3: 4’- and 2 : 4’-dinitrobenzils precipit- 
ated was further fractionally crystallised from chloroform; 
eventually a product was obtained so rich in 2: 4’-dinitrobenzil 
that crystals of this substance, which is much paler in colour than 
the 3 : 4’-isomeride, could be seen to separate when the chloroferm 
solution was cooled. 

Pure 2:4’-dinitrobenzil was obtained from the residue, after partial 
separation of the 3: 4’-isomeride as just described, by dissolving 
it in boiling acetic acid, cooling the solution carefully so that no 
crystals separated, and inoculating it with a crystal of this isomeride. 
The first crop of crystals, consisting largely of 2 : 4’-dinitrobenzil, 
was rapidly filtered off and recrystallised from acetic acid. When 
the amount of 2 : 4'-isomeride in the residues had been diminished, a 
further quantity of 3 : 4’-dinitrobenzil was removed by fractional 
crystallisation from chloroform. By using the two methods 
alternately, the crude nitration product from 13 g. of 4-nitrobenzil 
was separated into 7:4 g. of pure 3 : 4’-dinitrobenzil, 1-7 g. of pure 
2: 4’-dinitrobenzil, and a small residue. 
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Long Interaction of Benzoin and Acetylbenzoin with Fuming Nitric 
Acid.—A solution of 20 g. of benzoin in 60 g. of nitric acid (d 1-5) 
was kept at 25—30° for 6 hours and then poured on ice. The 
yellow gummy product was removed and boiled with 60 g. of nitric 
acid (d 1-4) and when nitrous fumes were no longer given off the 
solution was poured on ice. The bright yellow viscid mass which 
separated was well washed with boiling water, drained, and 
recrystallised from acetone; it then yielded 4 g. of 3: 4’-dinitro. 
benzil, m. p. 137°. 

The acetone mother-liquor was concentrated, and the crystals 
obtained, which were seen to be of more than one kind, were removed, 
powdered, and extracted with boiling chloroform; the residue, 
when recrystallised from acetic acid, yielded 0-2 g. of 4 : 4’-dinitro. 
benzil,m.p.213°. (Amore complete investigation of this compound 
being in progress, its description is reserved.) The mother-liquor 
deposited on concentration 0-5 g. of 3 : 2’-dinitrobenzil, m. p. 149°. 

When the chloroform extract (see above) was cooled, the first crop 
of crystals to separate consisted entirely of the 3 : 4’-isomeride; 
these were filtered off and the mother-liquor deposited a second crop 
containing crystals of 2 : 4’-dinitrobenzilas well. Pure 2 : 4’-dinitro. 
benzil (0-5 g.), m. p. 135°, was obtained by recrystallisation of the 
second crop from acetic acid. 

Acetylbenzoin under similar conditions of nitration, followed by 
oxidation, yielded a similar mixture of the same isomeric dinitro- 
benzils, which were separated by identical methods. 

Polymorphism and Oxidation of 3:4'-Dinitrobenzil (IV).— 
3 : 4’-Dinitrobenzil is soluble in boiling alcohol, more easily soluble 
in boiling acetic acid, acetone, chloroform, and benzene. It can be 
obtained in two polymorphic forms; the unstable form is deposited 
on chilling a chloroform solution or by seeding supersaturated 
solutions in other solvents with the unstable form, as deep yellow, 
rhombic crystals which become opaque when heated to 100°, or if 
allowed to remain for very long periods at the ordinary temperature, 
and change into the stable form. The latter usually crystallises 
at once when solutions in alcohol, acetic acid or acetone are cooled, 
as tufts of pale yellow, irregularly formed needles or elongated plates, 
similar in appearance to the 3: 3’-isomeride but rather deeper in 
colour. The m. p. of the stable form is 137°; the unstable form, if 
rapidly heated, melts at 127°, sets again at once, and finally melts 
at 136—137° (Found: N, 9-25. C,,H,0,N, requires N, 9-3%). 

5 G., oxidised by the method previously employed, yielded 5 g. 
of a mixture of m- and p-nitrobenzoic acids, which were separated 
by taking advantage of the greater solubility of the former in chloro- 
form and of the sparing solubility of its barium salt. 2 G. of 
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p-nitrobenzoic acid, m. p. 235°, and 1 g. of m-nitrobenzoic acid, 
m. p. 141°, were obtained (the m. p.’s of mixtures of these acids 
with authentic samples showed no depression). 

3:4’ - Dinitrobenzilmonophenylhydrazone. — When equivalent 
amounts of the dinitrobenzil and phenylhydrazine were boiled 
together for a few minutes in alcohol, the hydrazone separated in 
good yield ; it crystallised from alcohol as a mass of orange-coloured, 
felted needles, m. p. 182°, very soluble in boiling acetic acid (Found : 
N, 14:4. C,9H,,0;N, requires N, 14-4%). It appeared to be a 
single individual, but no evidence was obtained to show which keto- 
group condenses with the phenylhydrazine. 

The osazone can be obtained by boiling the dinitrobenzil or its 
monohydrazone with a great excess of phenylhydrazine and phos- 
phoric oxide in acetic acid solution. It is sparingly soluble in acetic 
acid and crystallises from acetic anhydride in orange-red, rhombic 
plates, m. p. 287° (decomp.) (Found: N, 17-3. CygH 0,N, 
requires N, 17-5%). 

2-m-Nitrophenyl-3-p-nitrophenylquinoxaline crystallises from 
boiling acetic acid in small, colourless plates, m. p. 221° (Found : 
N, 15-0. C,9H.0,N, requires N, 15-1%). 

Oxidation of 2 : 4'-Dinitrobenzil (V).—2 : 4'-Dinitrobenzil appears 
to be slightly more soluble in acetone and chloroform than the 
3:4’-isomeride, but otherwise closely resembles it in solubility in 
these and other solvents. It crystallises well from acetone or acetic 
acid in well-formed, pale yellow needles, m. p. 135°, which are photo- 
tropic and turn green when exposed to sunlight (Found : N, 9-1%). 

1 G. yielded on oxidation 0-4 g. of p-nitrobenzoic acid, m. p. 235°, 
and 0-2 g. of o-nitrobenzoic acid, m. p. 143°, which were separated 
by fractional crystallisation from water. 

te someric Monophenylhydrazones of 2: 4'-Dinitrobenzil—When 

: 4’-dinitrobenzil was boiled for a few minutes with an equivalent 
poi of phenylhydrazine in alcohol there separated a mixture of 
orange-coloured and yellow crystals. The latter were the less soluble 
and were obtained pure by recrystallisation from boiling acetic acid 
as bright yellow needles, m. p. 224° (Found: N, 14-5. C,g9H,,0;N, 
requires N, 14-4%). 

The orange-coloured substance, being the denser, was separated 
by agitating the mixture with alcohol and pouring off the suspension 
of the yellow substance. From solution in boiling acetic acid it 
crystallised in four-sided plates or flattened prisms, m. p. 201° 
(Found : N, 14:3%). 

The two substances appear to correspond to the two possible 
structures (0)NO,°C,H,°C(-(N-NHPh)-CO-C,H,°NO,(p) and 

(0)NO,*C,H,°CO-C(-N-NHPh)-C,H,°NO,(p), 
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but no evidence on which to assign the structures more exactly was 
obtained. 

2-0-Nitrophenyl-3-p-nitrophenylquinoxaline crystallised from boil. 
ing acetic acid, in which it is easily soluble, in small, well-shaped, 
colourless needles, m. p. 186° (Found: N, 15:1. C.9H,,0,N, 
requires N, 15-1%). 

Derivatives of 2: 2'- and 2: 3'-Dinitrobenzil—The monophenyl. 
hydrazone of the former compound is formed only slowly when the 
diketone is boiled with an excess of phenylhydrazine in alcoholic or 
acetic acid solution. It crystallises from boiling acetic acid, in which 
it is fairly readily soluble, in large, deep yellow, octahedral crystals, 
m. p. 199° (Found: N, 14-3. C,9H,,0;N, requires N, 14-4%). 

2 : 3'-Dinitrobenzilmonophenylhydrazone, 

(0)NO,°C,H,°C(°N-NHPh)-CO-C,H,°NO,(m) 
or (0)NO,°C,H,°CO-C(°(N-NHPh)-C,H,NO,(m), separates gradually 
on prolonged boiling of 2: 3’-dinitrobenzil with an excess of 
phenylhydrazine in alcoholic solution. The product appears to be 
a single individual, crystallising from acetic acid, in which it is 
fairly readily soluble, in deep yellow prisms, m. p. 193° (decomp.} 
(Found : N, 14:3%%). 

2-m-Nitrophenyl-3-0-nitrophenylquinoxaline crystallises from boil- 
ing acetic acid in small, colourless or very pale yellow, rhombic prisms, 
m. p. 168° (Found: N, 15-2. C,)9H,,0,N, requires N, 15-1%). 
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CXXXVIIT.—The Condensation of Chloral with 
Substituted Phenols. 


By FrepEerick DANIEL CHATTAWAY and FERNANDO CALVET. 


PHENOLS have been found to condense with aldehydes in three 
characteristic ways : 

(1) The phenol (1 mol.) unites with the aldehyde (1 mol.), the 
condensation being of the aldol type. 

(2) The phenol (2 mols.) reacts with the aldehyde (1 mol.) 
water (1 mol.) being eliminated and a dihydroxy-derivative of 
diphenylmethane or closely related hydrocarbon produced. 

(3) The aldehyde (2 mols.) condenses with the phenol (1 mol.), 
subsequent elimination of water leading to the formation of a 
heterocyclic compound. For example, chloral reacts thus with 
p-nitrophenol (Chattaway, J., 1926, 2720), p-hydroxybenzoic acid 
(Chattaway and Calvet, J., 1927, 685), and phenol-p-sulphonic 
acid (Chattaway and Morris, J., 1927, 2013) in presence of con- 
centrated sulphuric acid, yielding derivatives of 1 : 3-benzdioxin. 
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Several other p-substituted phenols react with chloral in a 
similar way. For example, p-aminophenol in presence of con- 
centrated sulphuric acid readily gives 6-amino-2 : 4-bistrichloro- 
methyl-1 : 3-benzdioxin (I), identical with the reduction product 
from 6-nitro-2 : 4-bistrichloromethylbenzdioxin (Chattaway, J., 
1926, 2722, 2725, where the two substances are named as derivatives 
of ethylbenzene). 

The action of alcoholic potash does not break this compound 
down so completely as it does the similarly constituted 6-nitro- 
and 6-carboxy-compounds, two molecules only of hydrogen chloride 
being eliminated and 6-amino-2 : 4-bisdichloromethylene-1 : 3-benz- 
dioxin (II) formed. 

O 


0 
L\/"\OH-CCl, \oxcCl, 

I.) NH,E x) —> NH, 6 aL) 
S\y/ i 


CH-CCl, C:CCl, 

Azophenols also react similarly ; for example, p-tolueneazophenol 
yields 6-p-tolueneazo-2 : 4-bistrichloromethyl-1 : 3-benzdioxin (formula 
as I), the constitution of which has been established by reducing 
it in alcoholic solution with stannous chloride to p-toluidine and 
§-amino-2 : 4-bistrichloromethylbenzdioxin (I). 

o-Nitro-m-cresol condenses similarly with chloral in presence 
of concentrated sulphuric acid and forms 6-nitro-7-methyl-2 : 4-bis- 
trichloromethyl-1 : 3-benzdioxin (III), showing that the presence 
of a methyl group in a position meta to the phenolic hydroxyl 
does not interfere with the reaction. The constitution of this 
compound is shown by its behaviour with alcoholic potash : 5-nitro- 
2-ethoxy-4-methylmandelic acid (1V) is formed, which on oxidation 
by potassium permanganate yields a mixture of 5-nitro-2-ethoxy- 
p-tolylglyoxylic acid (V) and 6-nitro-3-ethoxy-p-toluic acid (V1); the 
latter on hydrolysis of the ethoxy-group yields 6-nitro-3-hydroxy- 
p-toluic acid (VII) identical with the product obtained by the 
nitration of 3-hydroxy-p-toluic acid : 


(uur.) . Me CH-CCl, utox Me OEt (IV.) 
~ NO, A —+> NO, JCH(OH)-CO,H 
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Salicylic acid and both o- and m-nitrophenol, where the position 
para to the hydroxyl group is open, also condense with chloral in 
presence of concentrated sulphuric acid, possibly by the intro. 
duction of a -CH(OH)-CCl, group in the vacant para-position, but 
in each case a viscid and resin-like uncrystallisable product hag 
been obtained. 

That the -CH(OH)-CCl, group enters the unoccupied para-position 
in these reactions is rendered more probable by the circumstance 
that when the adjacent meta-position is occupied by a group with 
which it can react, well-crystallised condensation products are 
formed; e.g., m-hydroxybenzoic acid gives 5-hydroxytrichloro- 
methylphthalide (Fritsch, Annalen, 1897, 296, 344). 


HO’ \cO-0H HO’ \-COS0 
CR cca, —* CHK, 


Even by using a large excess of chloral (2 mols.) it has been 
found impossible to introduce another —CH(OH):CCl, group into 
the molecule, the reason probably being that its introduction is 
such a slow process that before any recognisable amount has been 
introduced the chloral itself polymerises to metachloral under the 
influence of the sulphuric acid. 

5-Nitrosalicylic acid, p-nitro-o-cresol, and 2 : 4-dinitrophenol, in 
all of which one position ortho to the hydroxyl group is occupied, 
do not condense with chloral in presence of concentrated sulphuric 
acid. This may be due to the steric hindrance of the substituents 
ortho to the phenolic group preventing the addition which probably 
precedes the entrance of the -CH(OH)-CCl, group into the nucleus. 


EXPERIMENTAL. 

6-Amino-2 : 4-bistrichloromethyl-1 : 3-benzdioxin (I)—To a solu- 
tion of 70 g. of p-aminophenol hydrochloride in 800 c.c. of con- 
centrated sulphuric acid, cooled with ice-water, 250 g. of chloral 
hydrate were added. The mixture was well shaken for }$ hour 
and, after 3 days, poured into 2500 c.c. of water containing ice. 
The brown solid that separated was recrystallised (yield, 98 g.) 
from much boiling water, in which it was sparingly soluble, and was 
then washed with a little alcohol, which dissolved a small quantity 
of adhering tarry matter. The residual mixture of 6-amino- 
2 : 4-bistrichloromethylbenzdioxin sulphate and p-aminophenol-o- 
sulphonic acid was finely powdered and poured into 100 c.c. of 
water, to which a solution of sodium hydroxide was added until 
an alkaline reaction was obtained ; the sodium aminophenolsulphon- 
ate remained in solution. ‘The precipitated condensation product 
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(45 g.), after being recrystallised from alcohol, melted at 174-5° 
and proved to be identical with the amino-compound obtained by 
reduction of 6-nitro-2 : 4-bistrichloromethylbenzdioxin (Chattaway, 
loc. cit.), giving the same acetyl derivative, m. p. 206°. Its identity 
with the latter compound was further established by converting 
it into the corresponding 6-carboxylic acid by replacing the amino- 
group by carboxyl, through the cyano-derivative. 

From the alkaline solution, on acidification with acetic acid, 
p-aminophenol-o-sulphonic acid crystallised in very small needles, 
which were recrystallised from water (8-5 g.) (Found: C, 38-6; 
H, 3:7; N, 7-6; S, 16-6. Calc. for C,H,O,NS: C, 38-1; H, 3-7; 
N, 7-4; 8, 16-9%) (compare Post, Annalen, 1880, 205, 49). 

7-Bromo -6 - amino -2 : 4- bistrichloromethyl - 1 : 3-benzdioxin.—The 
base (4-2 g.) and bromine (30 c.c. of a solution of 160 g. per litre) 
vere boiled in glacial acetic acid for a few seconds. (Longer heat- 
ing causes further bromination.) The monobromo-compound, which 
aystallised on cooling, was obtained, after several crystallisations 
fom alcohol, in well-formed, colourless needles, m. p. 171—173° 
yield, 2 g.). It is insoluble in light petroleum, but fairly readily 
wluble in ether, alcohol and acetic acid (Found: Cl, 46:3; Br, 
1-4. CyH,O,NC1,Br requires Cl, 45-8; Br, 17-2%%). 

The monobromo-compound yielded an acetyl derivative when 
it was boiled for 10 minutes with a mixture of acetic anhydride 
ud acetyl chloride. The product was twice recrystallised from 
oiling alcohol, in which it was moderately easily soluble, and 
tom which it separated in small, colourless plates, m. p. 231— 
325° (Found: Cl, 42:8; Br, 16-1. C,,H,O,NCI,Br requires 
(l,42-2; Br, 15-8%). 

6-Amino-2 : 4-bisdichloromethylene-1 : 3-benzdioxin (I1).—The finely 
pwdered base (I) (30 g.) was slowly added to a boiling solution 
80 g. of potassium hydroxide in 400 c.c. of alcohol and further 
willed for 4 hour. To the boiling liquid 400 c.c. of hot water 
vere added and the alcohol was distilled off in steam. On cooling, 
te heavy oily product solidified. After being recrystallised three 
imes from hot alcohol (yield, 17 g.) it was obtained in small, colour- 
bss needles, m. p. 113—117°. It is easily soluble in alcohol, ether, 
thloroform, carbon tetrachloride, and carbon disulphide (Found : 
(,37°8; H, 1-4; N, 45; Cl, 45-2. C,,H,O,NCl, requires C, 38-3; 
H, 16; N, 4:5; Cl, 454%). It can be kept for a considerable 
ime without change, though after some months it becomes tarry. 
When dissolved in carbon tetrachloride it combines directly with 
tomine without evolution of hydrogen bromide and thus appears 
‘0 be an unsaturated compound. 

When added to acetic anhydride containing a drop of con- 
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centrated sulphuric acid, it readily formed an acetyl derivative, 
which crystallised from dilute, boiling alcohol in microscopical 
needles, m. p. 191—194° (Found: Cl, 40-0. C,,H,O,NCI, requires 
Cl, 400%). 

6-p-Tolueneazo-2 : 4-bistrichloromethyl-1 : 3-benzdioxin (formula as 
I).—A solution of 20 g. of p-tolueneazophenol and 40 g. of chloral 
hydrate in 300 c.c. of concentrated sulphuric acid was kept for 
3 days with frequent shaking, a small quantity of the condensation 
product separating, and was then poured into 1000 c.c. of cold 
water. The red product dissolved readily in boiling alcohol, and 
separated in reddish-yellow needles (10 g.), m. p. 152—153°. It is 
easily soluble in ether, alcohol, and acetic acid (Found: Cl, 43:4; 
N, 5:7. C,,H,.0,N,Cl, requires Cl, 43-5; N, 57%). 

Reduction. 4 G. of the finely powdered substance and 10 g. of 
stannous chloride were added to 100 c.c. of alcohol, and the liquid 
was boiled under reflux for 5 minutes, its colour being totally 
discharged. The liquid was made slightly acid with dilute hydro. 
chloric acid, the alcohol distilled off in steam, and the aqueous 
liquid cooled and extracted with ether. The extract was con- 
centrated to a small volume and steam-distilled; p-toluidine came 
over, and was identified by means of its acetyl derivative. 

The solid remaining in the flask, after being recrystallised from 
alcohol, was identified as 6-amino-2 : 4-bistrichloromethylbenz 
dioxin, giving the already described acetyl derivative. The yieli 
was 2:3 g. 

5-Hydroxytrichloromethylphthalide—When a solution of 13 ¢. 
(1 mol.) of m-hydroxybenzoic acid and 33 g. (2 mols.) of chloral 
hydrate in 100 c.c. of concentrated sulphuric acid was kept for 
2 days, the condensation product crystallised in fine needles, mixed 
with metachloral. The liquid was poured into 500 c.c. of ice- 
water and the phthalide which separated was extracted with hot 
alcohol and recrystallised several times.from this solvent; m. p. 
199—200° (compare Fritsch, loc. cit.) (Found : Cl, 39-8. Cale. for 
C,H,0,Cl,: Cl, 39-75%). 

6-Nitro-7-methyl-2 : 4-bistrichloromethyl-1 : 3-benzdioxin (LI11).— 
The condensation was effected as in the preceding case (19 g. of 
p-nitro-m-cresol [1 mol.]; 41 g. of chloral hydrate [2 mols.|; 200 
c.c. of concentrated sulphuric acid; 800 g. of crushed ice). ‘The 
solid that separated was washed with a few c.c. of boiling alcohol, 
which removed a little tar, and crystallised several times from 
alcohol (animal charcoal), being obtained in very slightly yellow 
needles, m. p. 148—150° (Found: Cl, 49-8. C,,H,O,NCI, requires 
Cl, 49-5%). 
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5-Nitro-2-ethoxy-4-methylmandelic Acid (IV).—10 G. of finely 
powdered 6-nitro-7-methyl-2 : 4-bistrichloromethylbenzdioxin were 
added to a cooled solution of 14 g. of potassium hydroxide (9 mols.) 
in 100 c.c. of alcohol. The reaction proceeds with evolution of 
heat, and the temperature must not be allowed to rise. The liquid 
was boiled for just 3 minutes on the water-bath, 100 c.c. of hot 
water were added, and after partial neutralisation with dilute 
hydrochloric acid, the alcohol was distilled off in steam. On 
allowing the aqueous liquid to cool (and after separating by filtration 
a considerable amount of tarry matter which came down first) 
}-nitro-2-ethoxy-4-methylmandelic acid was obtained as a voluminous 
mass of very small needles (3-2 g.). After being recrystallised 
three times from water, it melted at 155°. It is very soluble in 
boiling water and alcohol, moderately easily soluble in ether, but 
insoluble in low-boiling petroleum (Found: C, 51-6; H, 5:3; N, 
i. C,,H,,0,N requires C, 51-8; H, 5-1; N, 5-5%). 

Preparation of 5-Nitro-2-ethoxy-p-tolylglyoxylic Acid (V) and 
(-Nitro-3-ethoxy-p-toluic Acid (V1I).—An alkaline solution of 5 g. 
ifthe mandelic acid in sodium carbonate was heated on the water- 
ath, and 11 g. of potassium permanganate were slowly added, 
the colour of which was discharged after 10 minutes’ heating. 
The filtrate from the manganese dioxide (which was washed with 
hot water), on cooling, was made acid with dilute hydrochloric 
aid; the product which then crystallised (1-9 g.) was a mixture 
if very small prisms and minute needles. The latter dissolved in 
biling benzene (30 c.c.), and on cooling, the solution deposited 
b-nitro-3-ethoxy-p-toluic acid (VI), m. p. 166° after twice crystallis- 
ing from water (yield, 0-7 g.). It is easily soluble in ether and 
benzene but insoluble in low-boiling petroleum (Found: C, 53-6; 
H,48; N, 6:3. C, 9H,,0;N requires C, 53-3; H, 4:9; N, 6-2%). 

The prisms (1 g.) left undissolved by the boiling benzene crystal- 
ied from boiling water in colourless plates, m. p. 194°. From 
its analysis and the fact that it gives a well-defined phenylhydrazone 
the substance is shown to be 5-nitro-2-ethoxy-p-tolylglyoxylic acid 
(V) (Found: C, 52-5; H, 4-4; N, 5-6. C,,H,,0;N requires C, 
22; H, 4:3; N, 55%). 

The phenylhydrazone separated in yellow needles when an alcoholic 
‘lution of the ketonic acid was boiled for 15 minutes with a small 
txeess of phenylhydrazine. After crystallising three times from 
alcohol, in which it was easily soluble, it melted at 199° (Found : 
X, 123. C,,H,,0,N, requires N, 12-2°%). 

Hydrolysis of the Ethoxy-group of 6-Nitro-3-ethoxy-p-tolwic Acid.— 
A solution of 0-5 g. of the acid in 5 ¢.c. of concentrated sulphuric 

00 
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acid was heated for 3 hours on a water-bath and poured into 30 c.¢, 
of water. The 6-nitro-3-hydroxy-p-toluic acid (VII) that separ. 
ated, after being recrystallised from a few c.c. of water, was obtained 
in very slightly yellow needles (0-25 g.), m. p. 225°, identical with 
the acid described below (Found: N, 7-3. Cale. for CsH,0,N: 
N, 7:1%). 

The Nitration of 3-Hydroxy-p-toluic Acid.—We have not been 
able to obtain a fully nitrated product by Borsche and Berk. 
hout’s method (Annalen, 1903, 330, 101). The following method 
is satisfactory. 

To a vigorously stirred suspension of 10 g. of 3-hydroxy-p-toluic 
acid in 50 c.c. of glacial acetic acid, a mixture of 10 c.c. of nitric 
acid (d 1-5) and 10 c.c. of acetic acid was added. The ten. 
perature rose to about 60—70°, and the toluic acid dissolved 
completely. After cooling, the whole was poured into 400 c.c. of 
cold water, and the solid which separated was recrystallised from 
boiling water (yield, 5 g.). The nitrohydroxy-p-toluic acid (VII) 
was thus obtained in very pale yellowish needles, m. p. 225°, melting 
somewhat higher than the product described by Borsche and 
Berkhout (Found: N, 7:2%). 
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CXXXIX.—Imide Ring Closure in Derivatives d 
Diketosuccinic Acid Phenylosazone. 


By Freperick Danre~ CHaTraway and WILLIAM GERALD 
HUMPHREY. 


AurHouGH diketosuccinic anhydride phenylosazone has been lon 
known, its properties have been little studied, the products of it 
reduction only having been described (J., 1927, 2133). In the 
present paper, the formation of derivatives containing the imite 
ring by the action of ammonia, primary amines, and «-hydrazine 
upon this anhydride is described. 

Diketosuccinimide phenylosazone (1) is most readily prepared by 
fusing the anhydride with urea. It is very stable, being unchangei 
by prolonged boiling with hydrochloric acid, although it dissolve 
in boiling aqueous sodium hydroxide, liberating ammonia and 
forming sodium diketosuccinate phenylosazone (II), which is # 
once converted by acids into 4: 5-diketo-1-phenylpyrazoline-: 
carboxylic acid 4-phenylhydrazone (III). 


IN DERIVATIVES OF DIKETOSUCCINIC ACID PHENYLOSAZONE. 1095 


Benzylamine combines at once with diketosuccinic anhydride 
phenylosazone if the latter is suspended in ether, the benzylamine 
salt of diketosuccinobenzylamic acid phenylosazone (IV) being formed. 
The base is readily removed and the anhydride re-formed by heating 
with acetic anhydride, and acidification causes the formation of the 
corresponding imide, diketosuccinobenzylimide phenylosazone (V). 
Dibenzylamine reacts in a similar manner, forming the salt of 
the diketosuccinodibenzylamic acid, from which acids liberate 
one molecule of the base, yielding diketosuccinodibenzylamic acid 
phenylosazone, imide formation not being here possible and the 
base preventing, as in the former case, the pyrazoline ring 
closure. 

Aniline reacts with the anhydride to yield a mixture of diketo- 
succinanilic acid phenylosazone (V1) and diketosuccinanil phenyl- 
oazone (VII). By prolonged boiling with aniline, the’former is 
converted into the latter, the yield of which consequently increases 
with the time of heating. Since, however, decomposition occurs 
during prolonged heating at this high temperature, it is advisable 
to boil for a short time only and to separate the mixture of anilic 
acid and anil. The former is converted by prolonged boiling with 
aqueous-alcoholic hydrochloric acid into the pyrazoline deriv- 
ative (ITT). 

The anhydride is unaffected by prolonged fusion with tribenzyl- 
amine or with diphenylamine. 

The anhydride reacts with phenylhydrazine in hot or cold acetic 
acid solution to yield a corresponding imide derivative, dtketo- 
succinophenylhydrazide phenylosazone (VIII). as-Phenylmethyl- 
hydrazine acts similarly. No intermediate product could be 
isolated in either case and it therefore seems probable that both 
hydrazides are of the «-variety. 

Analogous derivatives of certain substituted phenylhydrazones 
and osazones of diketosuccinic anhydride have also been prepared. 
The tolylhydrazones (IX) (J., 1927, 2793) yield with aniline the 
corresponding anils (X), the ketonic group remaining unchanged. 
Phenylhydrazine acts upon the ketonic group as well as forming 
the hydrazide (XI). The 2: 4-dichloro- and 2 : 4-dibromo-anhydr- 
ides (J., 1927, 1323) react with aniline less readily, the products 
consisting entirely of the corresponding anils. 

All the above compounds which contain the succinimide ring 
are, like the parent substance, very stable towards acids, but are 
converted by boiling 10% sodium hydroxide solution into sodium 
diketosuccinate phenylosazones. 

The following scheme represents the main reactions : 
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mall | CH,Ph-NH, 
y 


N-NHPh 2s N-NHPh 
(-CO-NH-CH,Ph (CON N-NHPh * 
C-CO,‘NH,CH,Ph C CO” C 
N-NHPh N-NHPh it) 
(VIII.) 


N-NHPh N-NHPh 

C ‘CO: *NHPh heat G-CO NPI 

(-CO,H —s 6-cO™ 
(V.) N- -NHPh (VI.) N-NHPh (vit) 
N-NH-C,H,Me N-NH-C,H,Me N-NH-C,H,Me 
aes OOS — GCOLN NAP 

| éo-co7? : (co 1 

(IX.) N-NHPh (x1) 


EXPERIMENTAL. 


Diketosuccinimide phenylosazone (I) was prepared by fusing gently 
for 10 minutes a mixture of 5 g. of diketosuccinic anhydride phenyl. 
osazone and 50 g. of urea. The pasty, orange-yellow product, 
when cold, was powdered, extracted with hot water to remove 
urea and biuret, and crystallised from alcohol, in which it was 
rather sparingly soluble, separating in orange-yellow, long plates 
or thin prisms, m. p. 189° (Found: C, 62:5; H, 4:2; N, 22%. 
C,,H,,0,N, requires C, 62-8; H, 4:3; N, 22-8%). 

The benzylamine salt of diketosuccinobenzylamic acid phenyl- 
osazone (IV) was prepared by adding 4 c.c. of benzylamine (excess) 
to a fine suspension of 3 g. of the anhydride in 30 c.c. of ether. 
The red anhydride was slowly converted into a yellow pulp of the 
benzylamine salt, which was filtered off and washed with ether. 
It crystallised from acetone, in which it was rather sparingly 
soluble, in light yellow, hair-like needles, m. p. 165° (decomp.) 
(Found: C, 68-8; H, 5-7; N, 15-95. Cy gH3,0,N, requires C, 68:9; 
H, 5:7; N, 161%). 

Diketosuccinobenzylimide phenylosazone (V) was obtained from 
the above benzylamine salt by crystallisation from acetic acid, of 
by the addition of hydrochloric acid to its alcoholic solution. It 
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crystallised from alcohol, in which it was rather sparingly soluble, 
in orange-yellow, rhombic plates, m. p. 179° (Found: N, 17-6. 
(3H g0.N, requires N, 17-6%). 

The dibenzylamine salt of diketosuccinodibenzylamic acid phenyl- 
osazone, (CH,Ph),N-CO-C(.N-NHPh)-C(:N-NHPh)-CO,NH,(CH,Ph),, 
was prepared in a similar manner to the corresponding benzylamine 
compound. It crystallised from alcohol, in which it was very 
soluble, in light yellow, hair-like needles, m. p. 161—162° (decomp.) 
(Found: N, 11-85. C,H, .0O,N, requires N, 11-95%). 

Diketosuccinodibenzylamic acid phenylosazone, 

(CH,Ph),N-CO-C(°N-NHPh)-C(.N-NHPh)-CO,H, 
was obtained from the above salt by the addition of hydrochloric 
acid to its alcoholic solution. It crystallised from alcohol, in which 
it was moderately easily soluble, in orange-yellow, flattened prisms, 
nm. p. 180° (Found: N, 13-9. Cy gH,,0,N, requires N, 13-9%). 

Diketosuccinanilic Acid Phenylosazone (V1).—When 2 g. of the 
anhydride were boiled for 10 minutes with 40 c.c. of aniline, a 
dear dark reddish-brown solution was obtained from which diketo- 
succinanilic acid phenylosazone separated on cooling. It was filtered 
off, washed with alcohol, and recrystallised from alcohol, in which 
it was rather sparingly soluble, separating in very small, orange- 
yellow, fine prisms, m. p. 201° (decomp.) (Found: C, 65-6; H, 
46; N, 17-25. C,9H,,0,N; requires C, 65-8; H, 4-7; N, 17-45%). 

This compound crystallises from acetic acid, in which it is very 
soluble, in glistening, orange-yellow, long plates, containing one 
molecule of acetic acid, which melt between 135° and 200° according 
to the rate of heating. The crystals must be dried on a porous 
glass filter in a current of air; they lose acetic acid slowly on heating 
below 100°, and on being washed with alcohol or ether they fall to 
a fine powder of the pure compound (m. p. 201°, decomp.) (Found : 
loss after heating at 130°, 13-1. C,,H,,0,N,;,C,H,O, requires loss, 
130%). 

Diketosuccinanil phenylosazone (VII) slowly separated as a felted 
mass of orange-red, slender prisms when the aniline mother-liquor 
from the above preparation was diluted with about 150 c.c. of 
alcohol. It crystallised from acetic acid, in which it was moderately 
easily soluble, in orange-red, long, slender prisms, m. p. 252° 
(decomp.) (Found : C, 69-1; H, 4:5; N, 18-1. C©,.H,,0O,N; requires 
C, 68-9; H, 4-4; N, 183%). 

Diketosuccinophenylhydrazide phenylosazone (VIIL) was formed by 
the action of phenylhydrazine upon the anhydride in acetic acid 
suspension, slowly in the cold but almost instantaneously on heating. 
The hydrazide, which separated in felted, fine prisms on cooling, 
crystallised from acetic acid, in which it was moderately easily 
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soluble, in orange-yellow, thin prisms, m. p. 270° (decomp.) (Found: 
C, 66-1; H, 4-55; N, 21-1. C,.H,,0,N, requires C, 66-3; H, 4:5; 
N, 21-1%). 

Diketosuccinophenylmethylhydrazide phenylosazone (formula as 
VIIT) was prepared in the same manner by the action of phenyl. 
methylhydrazine upon the anhydride. It crystallised from acetic 
acid, in which it was moderately easily soluble, in bright yellov, 
fine prisms, m. p. 243-5° (decomp.) (Found: N, 20-5. C,3H4590,N, 
requires N, 20-4%). 

Diketosuccinanil p-tolylhydrazone (X) was obtained by boiling 
2 g. of diketosuccinic anhydride p-tolylhydrazone (IX) with 10 c.c. 
of aniline for a minute. A very dark red solution was obtained 
which, after being cooled and diluted with 40 c.c. of ether, slowly 
deposited the anil. This crystallised from alcohol, in which it was 
sparingly soluble, in yellow, rhombic plates, m. p. 199° (decomp,) 
(Found: C, 66-6; H, 4-5; N, 13-7. C,,H,,0,N, requires C, 66-4; 
H, 4:2; N, 13-8%). 

Diketosuccinophenylhydrazide o-tolylphenylosazone (X1) was pre- 
pared by heating 2 g. of diketosuccinic anhydride o-tolylhydrazone 
with 3 g. of phenylhydrazine in acetic acid solution. It crystallised 
from acetic acid, in which it was moderately easily soluble, in 
orange-yellow, fine prisms, m. p. 250° (decomp.) (Found: N, 20-5, 
Cyg3H,0.N, requires N, 20-4%). 

Diketosuccinanil 2 : 4-dichlorophenylosazone (formula as VII) was 
prepared by boiling the corresponding anhydride with aniline. It 
crystallised from acetic acid, in which it was sparingly soluble, in 
orange-yellow, hair-like needles, m. p. 308° (decomp.) (Found : (1, 
27-1. CygH,,0,N;Cl, requires Cl, 27-25%). 

Diketosuccinanil 2 : 4-dibromophenylosazone, prepared in the same 
manner, crystallised from acetic acid, in which it was sparingly 
soluble, in orange, hair-like needles, m. p. 309° (decomp.) (Found: 
Br, 45:8. C,..H,,0,N,Br, requires Br, 45-8%). 

Diketosuccinophenylhydrazide 2 : 4-dichlorophenylosazone (formula 
as VIII) was prepared in the same manner as the unsubstituted 
compound from the corresponding anhydride. It crystallised from 
acetic acid, in which it was sparingly soluble, in deep yellow, hair- 
like needles, m. p. 280° (decomp.) (Found: Cl, 26-6. C,,H,,0,N,), 
requires Cl, 26-5%). 

Diketosuccinophenylhydrazide 2: 4-dibromophenylosazone, which 
was similarly prepared, crystallised from acetic acid, in which it 
was sparingly soluble, in orange-yellow, hair-like needles, m. p. 295° 
(decomp.) (Found: Br, 44-8. C,,.H,,0,N,Br, requires Br, 44-8%). 
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(XL.—The Action of Nitrous Acid on Amino-com- 
pounds. Part I. Methylamine and Ammonia. 


By THomas WESTON JOHNS TAYLOR. 


4s has been shown in a previous communication (Taylor, Wignall, 
and Cowley, J., 1927, 1923), aqueous solutions of nitrous acid can be 
considerably stabilised if the concentration is below a critical value 
yhich depends on the temperature and pressure, and if the solution 
iscovered by a layer of “‘ medicinal paraffin.”’ 

A preliminary study of the conditions of interaction of nitrous 
aid with simple aliphatic amino- and amido-compounds showed 
that the phenomena were extremely diverse, and thus it was 
thought essential to investigate the case of methylamine and 
ammonia where the fewest possible complications are present. 

Euler (Annalen, 1903, 330, 280) made the important observation 
that in 0-05N-solution at 40°, methylamine nitrite is stable, but 
racts readily with an equivalent of nitrous acid. He attempted to 
neasure the rate of the reaction by the rate of evolution of nitrogen, 
ut his results are inconclusive, largely because of the decompos- 
ition of the nitrous acid. Later workers (Neogi, J., 1914, 105, 
1270; Oddo and Cesaris, Gazzetta, 1914, 44, ii, 209) seem to con- 
sider that the reaction is essentially the decomposition of the nitrite. 

In the case of ammonia, the reaction has been regarded as the 
decomposition of the nitrite and investigated as such, principally 
by Arndt (Z. physikal. Chem., 1901, 39, 64; 1903, 45, 570) and by 
Blanchard (ibid., 1902, 41, 681). The most important results 
obtained were that ammonium nitrite, although stable in solution 
at room temperature, decomposes freely at 60°. Arndt suggested 
that the rate of decomposition was proportional to the product 
(NH,NO,|[HNO,], whilst Blanchard attributed a catalytic effect to 
the hydrogen ion and suggested that the velocity varied as the 
product [H* + HNO,][NH,"][NO,']. Both followed the reaction by 
the rate of evolution of nitrogen, and the results of both, especially 
those from experiments in the presence of excess of mineral acid, 
were undoubtedly obscured by the spontaneous decomposition of 
the nitrous acid. 

Plimmer (J., 1925, 127, 2651) performed a few experiments on 
the action of large excess of nitrous acid on ammonia in the presence 
of acetic acid; his results indicate that the reaction is complete at 
16° in 24 hours. 

Since the rate of gas evolution is an accurate measure of the 
velocity of reaction only if the solution is continuously and 
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thoroughly agitated, and since such agitation greatly increases the 
rate of decomposition of the nitrous acid, the velocity of reaction 
has been followed by estimating the concentration of undecon. 
posed amine. Further, the initial concentration of nitrous acid 
was never greater than 0-15N, 1.e., well below the critical con. 
centration (0-2N) under the conditions employed. 

In a series of preliminary experiments, it was found that ammonia 
and methylamine show exactly the same type of behaviour towards 
nitrous acid, the velocity coefficient for the former being a little 
less than half of that for the latter. Thus methylamine is much 
more suitable for accurate investigation, since the side reaction, the 
decomposition of nitrous acid, forms a smaller fraction of the total 
reaction in any given time. 


I. Methylamine. 


Methylamine free from ammonia could only be obtained by 
Wallach’s method from acetoxime (Annalen, 1900, 312, 175, foot. 
note). The hydrochloride was recrystallised three times from 
96% alcohol and its purity established by determining the equiv. 
alent of the methylamine against standard sulphuric acid. The 
methylamine was used as an approximately 0-5N aqueous solution 


of the free base, which kept well in stoppered bottles. Nitrous acid 
was prepared from pure barium nitrite and sulphuric acid as in the 
previous communication, no attempt being made to remove the 
barium sulphate. All experiments were carried out at 25° + 0-05°; 
the reaction mixture was covered by a layer of medicinal paraffin, 
and the stirrer passed through that layer, care being taken to avoid 
air bubbles being drawn into the solution. Samples of the solution 
were withdrawn by a pipette from time to time, and run into 
excess of pure aqueous caustic soda; the methylamine was at once 
distilled in steam into a known amount of standard acid; the 
accuracy of the method was found to be about -+ 0-5%. 

0-05N-Methylamine +- 0-05N-nitrous acid. No change in the 
concentration of methylamine occurred during 2} hours; this is in 
agreement with previous workers. 

0-05N-Methylamine +- 0-05N-nitrous acid +- 0-05N-sulphuric acid. 
No reaction could be observed during a period of 2} hours. Euler 
(loc. cit.), with the same concentrations at 40°, found a very slow 
reaction, but in his experimental data (40 c.c. of gas in 50 hours) 
he does not state what proportion of the gas was nitric oxide from 
the decomposition of the nitrous acid. At least half must have 
been nitric oxide, in which case the concentration of methylamine 
fell from 0-05N to 0-0496N in 50 hours. 


Methylamine concentration (N). 
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0-05N-Methylamine + 0-1N-nitrous acid. A fairly rapid reaction 
occurs. The rate of this was measured repeatedly; some of the 
results are shown in the figure (Curve I). From the smooth curve 
drawn through them the values shown in Table I were read. 

From the results obtained so far, it is clear that the reaction is 
one in which methylamine ions, nitrite ions, and free nitrous acid 
all take part. Estimation of the concentration of nitrous acid 
from time to time showed that one molecule of nitrous acid dis- 
appears for each molecule of methylamine, and not two; thus 
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Curve I. 0°05N-CH,-NH, + 0°1N-HNO,. 
Curve II. © 0°05N-CH,-NH, + 0°1N-HNO, + 0°0 
0:05N-CH,:NH, + 0°1N-HNO, + 0°0 
Curve III. 0-05N-CH,;:-NH, + 0°1N-HNO, + 0°05N- 


5N-CH,-NH,Cl. 
5N-Ba(NO,),. 
H,SO,. 

the reaction velocity, assuming that it varies as the product 
(CH,-NH,"][NO,’][HNO,], should be given by an equation of the 
fom — da/dt = kax®, where x is the concentration of methylamine 
(and hence of the nitrite ion) at time ¢, and a is the initial concen- 
tration of methylamine, and hence that of the undissociated nitrous 
acid, assuming it to be completely undissociated in the presence of 
the excess nitrite ion. Values of the coefficient k calculated for 
every 30 minutes are shown in Table I. 


TABLE I. 


t k k corr. k k corr. 
(Mins.), 2. (min.~). (min.7*), ‘ (min.). (min.“*). 
0 0:0500 0-0381 1-04 1-12 
30 0-0461 le . 0-0361 1:03 1-13 
60 0-0427 ° ° 0-0343 1-02 1-13 
90 0-0402 ‘08 “Li Mean 1-14 

002 


1102 TAYLOR: THE ACTION OF 


The values of k fall slowly with time, a behaviour which could 
be foreseen, because the concentration of free nitrous acid is not 
constant, but falls slowly owing to its spontaneous decomposition, 
A correction can be applied for this effect; from the measurements 
of the nitrous acid concentration during the reaction, the rate of 
its decomposition was found to be slightly greater than the rate 
for pure nitrous acid (0-05N) decomposing undisturbed beneath a 
layer of paraffin. In the previous communication it was shown 
that this rate agrees roughly with the unimolecular law; hence 
the equation for the reaction can be written more accurately 


— dajdt=—tefar™. 2. sw ei 


where K is the velocity coefficient of the nitrous acid decomposition, 
The value of K was found in a blank experiment in the same flask, 
using nitrous acid alone, to be 1-22 x 10° min.-1. Integrating, 
expanding, and neglecting powers of K higher than the first, we have 


a—x 
k= es an a ae 
9 

Values of k thus corrected (k corr.) are given in Table I; their 
constancy is as good as can be expected; inclusion of higher powers 
of K has no influence on their value. Hence the mean value of 
the velocity coefficient at 25° can be taken as 1-14 (normality*; 
min.~), 

Influence of Potassium Chloride.—Measurements were made with 
methylamine and nitrous acid at the same concentrations in the 
presence of 0-05N-potassium chloride and 0-2N-potassium chloride; 
the potassium chloride was pure, the same sample having been used 
in certain electrometric determinations (Taylor and Bomford, J., 
1924, 125, 2016). The velocity is diminished ; values of k calculated 
from (2) are given in Table II. 


TaBeE II. 
KCl normality 0-05 0-2 
k corr. (min.~) ° 1-02 0-79 
Only one experiment was carried out at each concentration. The 
effect of the added salt obviously belongs to the class of phenomena 
discussed by Bronsted (Z. physikal. Chem., 1922, 102, 169), Bjerrum 
(ibid., 1924, 108, 82), and Christiansen (ibid., 1924, 113, 35). It 
was measured here because an estimate of the magnitude of the 
effect is required later. 
Influence of Excess of Methylamine Ion or of Nitrite Ion.—If the 
above hypothesis is correct, the velocity should be equally acceler- 
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ated by addition of either a methylamine salt or a soluble nitrite. 
Measurements were made with the same concentrations of methy]l- 
amine and nitrous acid together with 0-05N-methylamine hydro- 
chloride, and also with 0-05N-barium nitrite (pure). The equation 
should take the form — dx/dt = kax(a + x)e-“', giving 


1 at2x 
a — Key 8 
2 
The velocity was found to be the same in both cases; results are 
shown in the figure (Curve II), and values of & in Table III. 

Since the reaction is faster, the rate of spontaneous decompos- 
ition of the nitrous acid is increased, because it depends on the rate 
if passage of gas bubbles through the solution; hence if the same 
value of K is taken as before, the values of k diminish with time, 
sis shown in the table. If a somewhat greater value be taken for 
K, viz., 1-8 x 10-3, k is reasonably constant and is shown as k, corr. 
(The value of K for 0-05N-nitrous acid in the same flask unprotected 
\y paraffin was about 5 x 10-3 min.-!) Hence the mean value of 
the velocity coefficient is 1-02; this must be compared with the 
value in the presence of 0-05N-potassium chloride, since the added 
ult will increase the ionic strength and in this way depress the 
velocity. The agreement is good. 


TABLE III. 


2. k, corr. 
0-0500 — 
0-0431 1-01 1- 
0-0379 0-99 1- 
0-0338 0-98 1- 
0-0302 0:98 1- 


Influence of Nitrous Acid.—One experiment was performed with 
}05NV-methylamine and 0-15N-nitrous acid. On the above hypo- 
thesis the velocity coefficient should be 2 x 1-14, since the con- 
entration of free nitrous acid is doubled; the value found was 
222 (min. 1). 

Influence of Sulphuric Acid.—Addition of a strong acid should 
repress the reaction, since in its presence the concentration of 
uitrite ion must be smaller. Some experiments carried out by Mr. 
J. F. Cowley showed that with 0-1N-methylamine and 3 equivalents 
of nitrous acid in the presence of 4-2N-sulphuric acid there was no 
change in the methylamine concentration in a period of 164 hours 
at 25°5°. 

The above hypothesis as to the reaction was confirmed by 
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measurements at 25° with 0-05N-methylamine, 0-1N-nitrous acid, 
and 0-05N-sulphuric acid, which are shown in Curve III of the 
figure. At the start the mixture contains essentially methylamine 
ions, sulphate ions, nitrite ions, and nitrous acid; as the reaction 
proceeds methylamine disappears and highly dissociated sulphuric 
acid is formed; hence the hydrogen-ion concentration rises, the 
nitrite ion concentration falls, and the reaction becomes slower and 
slower. At time ¢ the concentration of the hydrogen ions can be 
taken as (a — x), and that of the undissociated nitrous acid as 
(a+); thus if the dissociation constant of nitrous acid is (, 
[NO,'] = C(a + «)/(a — x). Hence the equation for the reaction 
should be — dz/dt = kCx(a + x)?/(a — x), whence, integrating 
between the times ¢, and f,, 


mae. Pee aa 2 ad 
ate ata, ata, ey ae (3) 


The expression obviously cannot be integrated back to time 0, 
since it only holds when the concentration of free sulphuric acid is 
appreciable. Values of kC calculated from (3) vary between 
2x 104 and 4 x 10* (min.“); the variation arises from three 
causes: (i) The reaction is proceeding very slowly in the regio 
where the expression holds; (ii) expression (3) is extremely sensitive 
to small inaccuracies in the values of 2, and 2,; (iii) no allowance 
is made for the spontaneous decomposition of nitrous acid. 

Nevertheless, since k has been shown to be 1-14, the calculation 
gives a value for C which agrees in order of magnitude with that 
determined by Blanchard, 4 x 10-4, and by Schumann, 4-5 x 10° 
(Landolt-Bérnstein “‘ Tabellen,” 5th Edn.). 


II. Ammonia. 


The reaction with ammonia was not examined in any detail. 
The following experimental facts were established : (i) Ammonia 
(0-05) at 25° does not react with one equivalent of nitrous acid, 
but reacts with two, the velocity coefficient being of the order of 
0-48 (normality; min.-1). (ii) The velocity is lowered by addition 
of mineral acids and of potassium chloride. (iii) The velocity is 
accelerated equally by equivalent quantities of either ammonium 
chloride or barium nitrite. 

Hence there is little doubt that the same mechanism is involved 
and that the velocity varies as the product [NH,'][NO,'][HNO,] 
agreeing with the conclusions of Arndt; Blanchard’s expression is 
erroneous and his attribution of a catalytic effect to the hydrogen 
ion obviously arose from adding small amounts of strong acid to 


solut ic 
formet 
The 
reactic 
ance 1 
is pro] 
actual 
nitrite 
condit 
to use 
miners 


My 
me du 


THE 


By 
In 192 
receive 
pecin 
in Lhe 
was al 
Botan: 
As thi 
Colone 
kaves 
Sikkin 
12.000 


THE ALKALOIDS OF SOME INDIAN ACONITES. 1105 


glutions of ammonium nitrite, whereby free nitrous acid was 
formed. 

The results obtained may have one of two meanings. Either the 
reaction involves the two ions and a molecule of nitrous acid, or, 
since the concentration of any form of undissociated amine nitrite 
is proportional to the product of the concentrations of its ions, the 
actual reacting molecules may be undissociated molecules of amine 
jitrite and those of nitrous acid. The results suggest that the best 
enditions for converting an aliphatic amine into the alcohol are 
to use large excess of nitrous acid and to avoid the presence of 
nineral acids in the solution. 


My thanks are due to Mr. J. F. Cowley for the help he has given 
ne during the preliminary experiments. 


THE Dyson PERRINS LABORATORY, 
OXFORD. [Received, February 27th, 1928.] 


(XLI.—T'he Alkaloids of Some Indian Aconites 
(A. Balfourii, A. deinorrhizum, and ‘“ Chumbi 


Aconite’’). 
By THomas ANDERSON Henry and THomAs MARVEL SHARP. 


ly 1922, the Director of the Wellcome Bureau of Scientific Research 
weeived from Colonel Kennedy, I.M.S. (retd.), a series of small 
yecimens of drugs collected near and used in the Yerpa Monastery 
nLhasa. The only specimen of more than anthropological interest 
mas an aconite root, which was identified by Dr. Stapf of the Royal 
Botanic Gardens, Kew, as Aconitum rotundifolium, Kar. and Kir. 
4s this rare species of aconite has not been examined chemically, 
(olonel Kennedy was kind enough to obtain a further supply of 
kaves (360 g.) and roots (1,250 g.), collected on the pass between 
‘kkim and the Chumbi Valley in Tibet at an altitude of about 
2.000 feet. This material we now have good reason to believe is 
nwt A. rotundifolium, and we propose to call it for the present 
‘Chumbi aconite.”” Colonel Kennedy suggested that Major 
P.M. Bailey, C.I.E., Political Resident in Sikkim, might be able to 
stain more. Major Bailey sent out collectors on two occasions, 
but the material obtained, on examination by Dr. Stapf, proved to 
eof the A. spicatum type, and as the authors subsequently found 
that it contained pseudaconitine, instead of the bikhaconitine 
tharacteristic of A. spicatum, Dr. Stapf agrees that it may be 
A, Balfourii, Stapf. 
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The latter on examination at the Imperial Institute (Bull. Imp, 
Inst., 1906, 4, 38) was found to contain pseudaconitine, but no 
detailed evidence for this has been published. The authors ar 
greatly obliged to the authorities of the Imperial Institute for 
providing them with specimens of the roots then examined and of 
the alkaloid obtained. The results of this comparison leave no 
doubt that the alkaloid of A. Balfourii is pseudaconitine. 

The opportunity has been taken to characterise pseudaconitine 
more completely and to make a preliminary examination of its 
oxidation products. For these purposes a considerable quantity of 
the alkaloid has been prepared from the usual source, A. deinorrhizum, 
Stapf (A. ferox var. atrox, Wall.). Among the new salts prepared are 
the hydrochloride, which had not hitherto been obtained crystalline, 
and the picrate, which, unlike the picrates of most of the aconitines, 
crystallises easily. The formula generally accepted for pseud. 
aconitine is C3,H,,O,.N. Neither the authors’ combustion results 
nor those on which Wright and Luff (J., 1878, 33, 151), Dunstan 
and Carr (P., 1895, 44, 154; J., 1897, 71, 350), Freund and Nieder. 
hofheim (Ber., 1896, 29, 852), and Schmidt (Arch. Pharm., 1909, 
247, 240) based this formula are in particularly good agreement 
with the figures calculated from it. Dunstan and Andrews (J, 
1905, 87, 1636) altered the formula to C,,H;,0,.N, which the 
authors propose to adopt, at least provisionally. 

It is common ground with previous investigators that pseut- 
aconitine on hydrolysis furnishes pseudaconine, C,;H,,0,N, and 
one molecular proportion each of acetic and veratric acids, and that 
it contains six methoxyl groups (Freund and Niederhofheim, loc. cit.). 
In the present paper, it is shown that the two remaining oxygen 
atoms function as hydroxyl groups, since pseudaconine yields a 
well-crystallised tetra-acetyl derivative, and that the nitrogen is 
present as a methylimino-group. 

Carr has stated that on oxidation with permanganate pseud- 
aconitine yields acetaldehyde and a crystalline substance, m. p. 235° 
(J., 1912, 101, 2243). We are able to confirm the formation of 
acetaldehyde, but the solid oxidation product is a complex mixture, 
which so far we have not been able to separate satisfactorily into its 
components. 

On oxidation with chromic acid, pseudaconitine yields a crystalline 
substance, Cz,H,,0,,N, which contains one methoxyl group less than 
its progenitor, but retains intact the methylimino-group. It i 
neutral in reaction, but can be induced to form salts which are 
hydrolysed by water. The weakly basic character of this substance 
as compared with pseudaconitine may be due to the formation of 4 
carbonyl group next to the nitrogen, by the oxidation of a secondary 
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alcohol group, in a manner similar to that taking place in the 
oxidation by nitric acid (see below). On hydrolysis by alkalis, 
the substance yields acetic and veratric acids and a crystalline 
product, which should be represented by the formula C,,H;,0,N, 
but which so far we have not been able to confirm by analysis. 

On oxidation with cold nitric acid pseudaconitine yields two 
products, a pale yellow, crystalline substance A, having the formula 
OsgH 490 1gN 4, and a bright yellow substance B, C,,H,,0,,N;. Product 
Astill contains the acetyl group, but the veratroyl residue has been 
nitrated in position 6; the number of methoxyl groups has been 
reduced to five, two of which belong to the nitroveratroyl radical, 
so that one has disappeared from the nucleus; the methylimino- 
goup has been converted into a ‘N-NO group, since the compound 
gives Liebermann’s nitrosoamine reaction; and the remaining 
nitrogen is probably present as a nitro-group, indicating the presence 
of a benzene ring in the nucleus. Of the two remaining oxygen 
atoms, one is present as a hydroxyl group. Evidence for this and 
simultaneous confirmation of the presence of a -N-NO group was 
obtained in the following way. The oxidation product A was 
teated with acetyl chloride at 100° under pressure. The excess of 
reagent was distilled off, carrying with it nitrosyl chloride formed by 
the conversion of the ‘N-NO group into a N-acetyl group. The 
acetylated material contained two substances, of which one was 
obtained crystalline. This no longer gave the nitrosoamine reaction 
and on hydrolysis furnished three molecular proportions of acetic 
acid, two by alkaline hydrolysis and one by subsequent acid 
hydrolysis. The first two are formed (a) from the acetyl group 
originally present in pseudaconitine and persisting in A and (6) from 
an acetyl group formed in this reaction by acetylation of a hydroxyl 
goupin A. The third molecule of acetic acid comes from the acetyl 
group attached to nitrogen by replacement of the nitroso-group in 
this reaction. 

This still leaves one oxygen atom in A to be accounted for. Its 
function is shown by the behaviour of the crystalline substance, 
(9H ;,0,9N3, formed along with acetic and 6-nitroveratric acids by 
the alkaline hydrolysis of A. On solution in methyl alcohol con- 
taining sodium methoxide, it is converted into a crystalline sodium 
salt, Cyp>Hs90,,N,Na, produced by addition of the elements of a 
molecule of sodium hydroxide, which clearly implies the presence of 
a lactim group in this hydrolytic product and also in A. This 
indicates that in pseudaconitine there is present a group such as 
‘NMe-CH-OH, which is converted by treatment with nitric acid 
into the structure -N(NO):CO-, and this on treatment with alkali 
passes into -NH(NO)iCO-ONa. That a considerable change in the 
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state of combination of the nitrogen takes place in this last reaction 
is clear from the fact that, whereas pseudaconitine, A, and the 
hydrolytic product of the latter all fail on distillation to yield 
vapours giving the pyrrole pine-shaving test, this test is readily 
given by the vapours from the sodium salt, and from the ill-defined 
materials formed by the action of hydrochloric acid, thiony| 
chloride, and various oxidising and reducing agents on the hydrolytic 
product. The production of volatile pyrrole derivatives in this 
fashion does not of necessity imply the presence of a pyrrole nucleus 
in pseudaconitine or its proximate degradation products now 
described, but merely that in the hydrolytic product of A the 
nucleus is in such a form as to yield pyrrole derivatives readily in the 
somewhat drastic process of dry distillation. 

The examination of the bright yellow nitric acid oxidation product 
B has not been carried very far. On hydrolysis it furnishes acetic 
and 6-nitroveratric acids and an amorphous nitrogenous product; 
it contains five methoxyl groups, of which two are in the nitro. 
veratroyl residue, and a nitroso-group which is eliminated on treat- 
ment with acetyl chloride as in the case of product A, but neither 
in this nor in any of the numerous reactions tried on this substance 
has any well-defined crystalline product been obtained. 

In the formation of the chromic acid oxidation product, 
C3,H,,0,,N, and of the nitric acid oxidation product A, C33H 490, ,N, 
very little effect has been produced on the nuclear structure o 
pseudaconitine, as will be seen from the following tabular summary 
of what is known regarding the three substances : 


by nitric acid by chromic acid 
C33H Ore, <> Pseudaconitine ————————-> _ (,,H,,0,,N. 
Cs4H5,0;,N 

(O-OHs)s (0-0Hs), (0-0H,)s 
200 *OH-OH CO 

; IN : Ne iNe 

Cys,(NO,)) Con CywHa — CisH eo — 

*O0-CO-CH, -O0-CO-CH, -O-00-0H, 
*0-CO-C,H.(NO.,)(0°CH;), -0-CO-0,H,(0-CH;), -O0-CO-0,H,(0-CH,), 


The products obtained, moreover, are not promising for gradual 
further degradation owing to their tendency to produce soluble 
colloidal substances, and other methods of dealing with the problem 
are now being investigated. 

Most of the substances described in this paper have proved 
difficult to analyse by combustion, but the hydrolytic products of 
the chromic acid oxidation product and of the substance A were 
particularly troublesome in this respect, and we have been fortunate 
in having the analyses on which we have based the formula, 
Cy9H3,0;9N;, confirmed by Professor R. Robinson, who had micro- 
analyses made in his laboratory by Mr. A. Bennett, for which we 
take this opportunity of expressing our thanks. 
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Considerable difficulty has also been experienced in getting 
satisfactory determinations of nitrogen in pseudaconitine and its 
degradation products, due, no doubt, to the ease with which these 
substances evolve methane (Dunstan and Carr, P., 1896, 12, 48). 
This difficulty has probably been encountered by other workers, 
as no determination of nitrogen in pseudaconitine appears to have 
been recorded since that due to Wright and Luff (loc. cit.). This 
difficulty has been overcome by using a coil of oxidised copper 
beyond the reduced copper spiral of the ordinary Dumas method, as 
recommended by Pregl in his micro-analytical method. 

Examination of the alkaloid from the ‘‘ Chumbi aconite ”’ collected 
by Colonel Kennedy indicates that it is one of the possible acetyl- 
benzoylaconines, of which the two best known are aconitine from 
4, Napellus and japaconitine, obtainable from various species of 
aconite found in Japan. Most of the recent work on these two 
alkaloids indicates that they are not identical, but isomeric. The 
difference between them may depend on the relative positions of the 
two acyl groups, since they both appear to yield the same aconine, 
but as they also both furnish, on oxidation by permanganate, the 
same oxonitine, in which the two acyl groups are still present, they 
may be merely stereoisomeric. Aconine must contain five hydroxyl 
groups, since aconitine yields a triacetyl derivative (Dunstan and 
Carr, J., 1895, 67, 462), and this, by the replacement of two hydroxyls 
at a time by two acyloxy-radicals, admits of the existence of a large 
number of isomerides, which may differ but little in properties. In 
two recent papers, Majima and his colleagues (Ber., 1924, 57, 1466) 
have shown that aconitine (Merck) consists of two isomerides A and 
(and from seven species of Aconitum found in Japan six isomerides 
have been isolated (ibid., p. 1456), none of the species yielding less 
than two and most of them four. Japaconitine (Merck), according 
to these authors, is a mixture of four of these isomerides. The 
evidence so far brought forward is scarcely sufficient to justify the 
view that these eight acetylbenzoylaconines are all different, but 
theoretically there is no reason to doubt their existence. The 
isomeride now found in the “ Chumbi aconite” on the whole 
resembles aconitine rather than japaconitine (Dunstan and Read, 
J., 1900, 77, 45), but this may be due to the fact that, although 
much work has been done on aconitine, it is not yet a well-charac- 
terised alkaloid. Until a further supply of the roots can be obtained 
the exact relationship of this alkaloid to the other acetylbenzoyl- 
aconines cannot be finally established. It is of interest to note that 
in Stapf’s classification of Indian aconites A. rotundifolium is placed 
With the non-poisonous ‘‘ anthora ”’ group. The ‘‘ Chumbi aconite ” 
collected by Colonel Kennedy cannot therefore be derived from 
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A. rotundifolium and cannot be identical with the material originally 
obtained by Colonel Kennedy at the Yerpa Monastery. Dr. Stapf 
is of the opinion that the ‘‘ Chumbi aconite ” is allied to A. spicatum, 
but it cannot be definitely identified until more complete botanica| 
material is available. It is of special interest since it is the first 
recorded instance of an acetylbenzoylaconine being found in an 
Indian aconite, for although various Indian species have at different 
times been confused with A. Napellus, it seems to be well estab. 
lished now that the latter species has not been found in India. 

Dr. Stapf places A. Balfourti with A. deinorrhizum and, as is now 
shown, both these species contain the same alkaloid, pseudaconitine, 

We should like to take this opportunity of thanking Colonel 
Kennedy for his kindness in placing his material at our disposal, 
Dr. Stapf for his unfailing help in identifying botanical material, 
and Colonel Gage, late Director of the Botanical Survey of India, 
Major Bailey, Political Resident in Sikkim, and Mr. W. J. Lambert, 
Conservator of Forests, Jammu and Kashmir State, for their kind 
assistance in the collection of material. 


EXPERIMENTAL. 
Aconitum Balfourii and A. deinorrhizum. 


Extraction of Alkaloids.—The finely ground, air-dry roots wer 
percolated to exhaustion with cold 95% alcohol, the percolate 
concentrated to low bulk under reduced pressure, and the alkaloids 
extracted from the residue with 0-5% hydrochloric acid. The acid 
solution (A), after agitation with ether to remove traces of acids, 
resin, and oil, was made alkaline with sodium carbonate solution and 
extracted with ether, so long as this continued to remove alkaloid, 
and after that with chloroform, which took out all but traces. On 
the removal of the solvent from the ethereal solution pseudaconitine 
crystallised out. The A. Balfourii roots yielded 1-2% of total 
alkaloid, of which 0-4°%, expressed on the air-dry roots, was crystal- 
line. This procedure was modified in working up larger quantities 
of A. deinorrhizum roots. Here the dilute hydrochloric acid extract 
(A) was filtered and the alkaloidal hydrochlorides were extracted 
by long-continued agitation with chloroform. The chloroform 
extract was dried over anhydrous sodium sulphate, and an aqueous 
solution of the residue left after removal of the chloroform was 
treated with charcoal and filtered into a 50% excess of sodium 
carbonate solution with constant stirring. The precipitated 
alkaloids (yield, 0-9°/, expressed on the air-dry roots) were then 
collected, washed with water, and dried in a vacuum. From this 
dry precipitate, crude pseudaconitine was obtained by boiling it 
with twice its weight of 95% alcohol and filtering the hot solution; 
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the alkaloid then crystallised on cooling. The yield was 0-4% 
expressed on the air-dry roots. The acid liquor (A) and the sodium 
carbonate precipitation liquors still contained some alkaloid, which 
was recovered in the usual way and added to the residues left from 
the crystallisation of the crude pseudaconitine. The nature of the 
alkaloids in these residues is being investigated. 

Pseudaconitine and Salts.—In the following description the melting 
points are corrected and, unless otherwise stated, are also decom- 
position points. The melting points and specific rotations recorded 
for salts refer to the salt dried to constant weight. The crude 
alkaloid was recrystallised from hot 95% alcohol until of constant 
melting point, 212—213°. It was further purified through the 
hydrobromide, and the base regenerated from the pure salt had 
m. p. 214°, [x]}# + 17-06° (in alcohol; c = 1-18) and + 22-75° 
(in chloroform; ¢ = 4:76). The recorded m. p.’s for pseudaconitine 
vary from 201° (D. and C.) to 212° (F. and N.): for [«]p Dunstan 
and Carr found -+ 18-6° (¢ = 1-12, in alcohol) (Found: C, 62-4, 
62:7, 62°8; H, 7-8, 7-9, 7:95; N, 2-2; MeO, 27-2; NMe, 2:7. 
(sgH510,N requires C, 62-7; H, 7-5; N, 2-0; 6MeO, 27-0; NMe, 
42%). 

The following salts are already known and were prepared for 
identification of the alkaloid from A. Balfourii. 

The hydrobromide separates from alcohol in rosettes of triangular 
prisms, m. p. 199°, [«]}}’ — 18-5° (in water; c = 2-56) (Found for air- 
dry salt : loss at 100° in a vacuum, 6-6. C,,H,;,0,.N,HBr,3H,O 
requires H,O, 6-6%. Found in dry salt: Br, 10-25. Calc.: 


om Br, 10:4%). The nitrate crystallises from dry alcohol in 
oid, triangular prisms, m. p. 198°, [a] — 17-95° (in water; c= 3-9) 
| 0 "(Found for air-dry salt : loss at 100° in a vacuum, 1-9. Cale. for 
tne Bi ,.H.,0,,N,HNO,,H,O: H,O, 2:3%. Found for dry salt; C, 
otal 56-9: H, 6-7; MeO, 24-75; NMe,3-4. Calc. for C,,H;,0,.N,HNO, : 
tal- 0 57-4: H,7-0; 6MeO, 24-75; NMe, 3-9%). 

“A The hydriodide separates from hot dilute alcohol in truncated 


prisms, m. p. 230° (Found for air-dry salt : loss at 100° in a vacuum, 
25. Cale. for C;,H;,0,.N,HI,H,O : H,O, 2-2%). 

The chloroaurate had m. p. 233°. 

The data recorded above for these four salts agree as well as can 


oun be expected with those recorded by previous investigators: it is 
a well known that the melting points of the “ aconitines ” and their 
“a salts vary with the rate of heating and the small discrepancies in 

both directions now found are no doubt due to this cause. Differ- 


ences in the amounts of water of crystallisation found in the 
hydrobromide (3 instead of 2H,O) and nitrate (1 instead of 3H,0) 
from those recorded by Dunstan and Carr (loc. cit.) are due to the 


1112 HENRY AND SHARP: 


fact that these salts are efflorescent and the amount of water found 
depends on the conditions under which they are rendered “ air-dry.” 

The following salts are new. The hydrochloride was prepared by 
neutralising the pure base, dissolved in dry alcohol, with hydro. 
chloric acid. The solution was then evaporated to dryness under 
reduced pressure, the residue dissolved in dry alcohol, and ether 
added; the salt then separated in twinned triangular prisms and 
was recrystallised from dry alcohol. It melts at 179—182° and has 
[a]p’ — 18-1° (in water; c= 3-37). When the crystals are 
allowed to dry in air for a short time, they appear to contain 4 
molecules of water (Found: loss in a vacuum at 120°, 103, 
C3gH,;,0;.N,HC1,4H,0 requires H,O, 9-0%), but on longer exposure 
to air efflorescence occurs and the product is represented by the 
formula C,,H;,0,,N,HCI,3H,O (Found : loss at 120° in a vacuum, 
7:2. Cale.: 69%. Found for dry salt: C, 59-05; H, 7-2; Qi, 
5-1. Cale. for C,,H;,0,.N,HC1l: C, 59-5; H, 7:2; Cl, 4-9%), 
The hydrochloride is very soluble in water and in wet alcohol and 
this no doubt accounts for the failure of previous workers to obtain it. 

The oxalate, similarly prepared, crystallises from hot, dry alcohol 
in minute, transparent, facetted cubes, m. p. 216°. The perchlorate, 
obtained as a crystalline precipitate on addition of sodium per. 
chlorate to a solution of pseudaconitine hydrochloride in water, 
crystallises from dilute alcohol in needles, m. p. 239° (Found: (, 
54-5; H, 7-2. C,,H;,0,.N,HCIO, requires C, 54:7; H, 6-6%). 
The picrate crystallises from alcohol in spheroidal masses of thin, 
orange-yellow prisms, m. p. 196°. 

Pseudaconine—A quantity of pseudaconine was prepared by 
hydrolysis of the residues left from the initial crystallisation of 
pseudaconitine (p. 1110). 

It is obtained from acetone in well-defined, large, colourless prisms 
containing 1 mol. of solvent, m. p. 93—94°, [«]#” ++ 38-7° (in water; 
c = 1-69) (Found in air-dried substance: C, 62:1; H, 8-8; loss at 
120° in a vacuum, 10-4%. Cale. for C.,H,,O,N,C,H,O: C, 62:1; 
H, 8-75; C,H,O, 10-79%). Dunstan and Andrews (J., 1905, 87, 
1629) give m. p. 86—87° (after crystallisation from acetone), [«]) = 
-+ 39-0° (c = 1-8 in water). <A tetra-acetyl derivative was obtained 
by heating solvent-free pseudaconine (1 g.) under reflux with acetyl 
chloride (2 c.c.) for an hour. The acetyl chloride was removed 
by distillation and the residue dissolved in water and made alkaline 
with sodium carbonate ; the white precipitate thus formed crystallised 
from ligroin in colourless, stout needles, m. p. 228°, [«]?” — 81° 
(in alcohol; c¢ = 0-956) (Found in substance dried at 120° ina 
vacuum: ©, 60:5; H, 7-6; MeO, 19:35; NMe, 4:1. C,3H4 0..N 
requires C, 60-8; H, 7-6; 4MeO, 19-05; NMe, 45%). The acetyl 
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groups were estimated by hydrolysis with alcoholic potassium 
hydroxide, followed by acidification, steam distillation, and titration 
of the distillate (Found: acetic acid, 37-7. Calc. for four acetyl 
groups, 36-85%). Pseudaconine was recovered from the steam 
distillation mother-liquor by extraction with ether after addition 
of sodium carbonate in excess, the yield of pure crystalline base 
being 88% of that theoretically possible. The acetyl derivative, 
although alkaline to litmus, does not form salts and may be crystal- 
lised unchanged from solutions in alcoholic sulphuric or oxalic acid. 
Tetra-acetylpseudaconine causes no tingling sensation when applied 
to the lips. According to Dr. Trevan, Pharmacologist to the 
Wellcome Physiological Research Laboratories, it is not toxic to 
mice on subcutaneous injection in doses of 5 mg. 


Oxidation of Pseudaconitine. 


(1) With Nitric Acid—Pseudaconitine (5 g.), treated with 30 c.c. 
of nitric acid (d 1-42) at room temperature, slowly dissolved with 
evolution of brown fumes and rise of temperature to about 45°. 
After 6 hours the clear solution was poured into water (300 c.c.) ; 
the white precipitate, which soon turned yellow, was filtered off, 
washed with water, and dried over-night in a vacuous desiccator ; 
yield, 4-8 g. The aqueous filtrate, after being nearly neutralised 
with sodium carbonate, yielded on extraction with chloroform a 
further 0-5 g. This product was boiled with alcohol, which separated 
it into a sparingly soluble, pale yellow substance (A) and a readily 
oluble, bright yellow solid (B). 

Oxidation product A. This substance is insoluble in water and 
nost organic solvents, and sparingly soluble in hot acetic acid or 
aetone. From the latter it separates in faintly yellow prisms, 
which blacken at about 260° and decompose sharply at 270° (Found : 
0, 52-7, 52°8; H, 5-3, 5-3; N, 7-4, 7:5; MeO, 19-9, 20-6; NMe, 0. 
CsgH yg0igN, requires C, 52-9; H, 5:4; N, 7:5; 5MeO, 20-7%). 
Acetic acid was estimated by the method described for tetra-acetyl 
pseudaconine (above) (Found: acetic acid, 8-0, 8-8. Calc. for 1 mol. 
produced on hydrolysis, 8-0%). A quantitative reduction with 
titanous chloride was carried out as follows : a solution of a weighed 
quantity of the substance in concentrated sulphuric acid was set 
aside for 3 hours, poured into water, and diluted to a definite volume. 
Aliquot parts of this solution were treated with excess of standard 
titanous chloride and boiled for 15 minutes in a current of carbon 
dioxide in a flask fitted with a Bunsen valve. After cooling, the 
excess of titanous chloride was titrated with standard iron alum 
solution, potassium thiocyanate being used as indicator. In this 
way, 16-54 and 16-61 mols. of titanous chloride were used. In view 
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of the large undetermined part of the molecule, these results are not 
regarded as conclusive, but they possibly indicate the presence in 
the molecule of one nitroso- and two nitro-groups (calc., 16 mols, 
TiCl,). Further, the substance gives Liebermann’s nitrosoamine 
reaction, and evidence is adduced later of the elimination of a 
nitroso-group when the substance is acetylated. Proof of the 
presence of one nitro-group is furnished later, in the production of 
6-nitroveratric acid on hydrolysis, and the third nitrogen can hardly 
be in any other condition than that of a nitro-group. 

Acetylation. The substance A is unaltered by boiling with acetic 
anhydride. On heating A (8 g.) with acetyl chloride (32 c.c.) in 
a sealed tube at 100° for 1 hour, an orange-coloured liquid was 
obtained. The excess of acetyl chloride was removed by distillation, 
leaving a white solid, which was twice evaporated to dryness with 
dry alcohol (yield, 8-45 g.). The acetyl chloride distillate was 
orange in colour and was fractionally distilled, practically all the 
colour passing over in the first few c.c. On addition of water to 
these first runnings the colour disappeared and the liquid gave all 
the usual reactions for nitrous acid. The colour is therefore 
evidently due to the presence of nitrosyl chloride formed by the 
action of acetyl chloride on a nitrosoamine group in A. The white 
solid is a mixture of at least two substances, one of which can be 
obtained in well-defined, small prisms by taking advantage of th 
fact that it is less soluble in boiling isopropyl alcohol than th 
remaining reaction products. For example, the crude material was 
boiled with isopropyl! alcohol (100 c.c.), and the solution filtered hot 
from the undissolved part; the latter was again boiled with the sol- 
vent (25 c.c.), the solution was filtered hot, and the residue was 
dissolved in a large volume of isopropyl alcohol, placed on a large 
boiling water-bath, and left to cool slowly. Crystallisation in this 
fashion was repeated until the acetyl derivative (4 g.) had a constant 
melting point of 227—230°. The remaining product of the reaction 
has not been obtained crystalline. The crystalline product does 
not give Liebermann’s nitrosoamine reaction, so the original nitroso- 
group has been replaced by an acetyl group, since nitrosyl chloride 
is formed in the reactionand acetic acidis produced on acid hydrolysis 
(see below) (Found: OC, 55:3, 54:9; H, 6-1, 6-15; N, 5-4; MeO, 
19:25. C3,H,;0,,N, requires C, 55:3; H, 5-65; N, 5:2; 5Me0, 
19-3%). Hydrolysed by alcoholic potassium hydroxide in the 
manner described for tetra-acetylpseudaconine (p. 1113), it furnished 
two molecules of acetic acid (Found: acetic acid, 16-7. Cale. for 
two O-acetyl groups, 14-95%). The residue from the steam distil- 
lation gave 6-nitroveratric acid on extraction with ether. The 


THE ALKALOIDS OF SOME INDIAN ACONITES. 1115 


nother-liquors were neutralised, and evaporated to dryness under 
reduced pressure, and the residue was boiled with absolute alcohol, 
yhich dissolved the third product of the reaction. Numerous 
attempts to obtain this new substance in a crystalline condition 
filed, and in order to prove the presence of an N-acetyl group, 
already suggested by the formation of nitrosyl chloride, the crude 
material was boiled under reflux for 6 hours with 1% hydrochloric 
aid and steam-distilled, and the silver salt of the volatile acid was 
prepared in the usual fashion and shown to be silver acetate (Found : 
Ag, 64:5. Calc., 64:7%). The high figure found for acetic acid 
in the alkaline hydrolysis is no doubt due to partial hydrolysis 
of the N-acetyl group during the steam distillation of the acid 
liquor. . 

Hydrolysis of A. The oxidation product A (3-5 g.) slowly dis- 
wlved when mixed with alcohol (70 c.c.) and potassium hydroxide 
('75 g.), dissolved in a little water. After 2 hours the solution was 
diluted with water (3 vols.), neutralised with sulphuric acid, and 
filtered from a little potassium sulphate, and the alcohol was 
rmoved under reduced pressure on a water-bath. After cooling, 
the solution was made acid with sulphuric acid and steam-distilled, 
the steam-distillate was neutralised with sodium hydroxide and 
evaporated to dryness, and a solution of the residue in a little water 
was filtered and treated with silver nitrate. The precipitated silver 
alt was dried over sulphuric acid in a vacuous desiccator (Found : 
vy, 64:3. Calc. for silver acetate: Ag, 64-79%). From the liquor 
ft after steam distillation, ether extracted a yellow acid, m. p. 195° 
after crystallisation from water (Found : C, 47-2; H, 4-4. Calc. for 
$nitroveratric acid, C,H,O,N : C, 47-55; H, 4-0%) and also when 
nixed with 6-nitroveratric acid (m. p. 194°). Further, the methyl 
ester of the acid from A, alone or mixed with methy] 6-nitroveratrate, 
melted at 143-5° (Found for the methyl ester: C, 49-3; H, 4°8. 
Calc.: C, 49-8; H, 46%). The mother-liquors from the ether 
extraction, on repeated agitation with chloroform, yielded 1-25 g. of 
acolourless solid. If the liquor has become concentrated during 
the steam distillation, some of this solid is precipitated on shaking 
with chloroform. This hydrolytic product of A crystallises well 
fom alcohol, benzene, or chloroform in colourless, shining needles 
containing an indefinite amount of solvent. On heating, it froths 
at 85—115°, the actual temperature depending on the solvent used, 
but in no case sharply. If crystallised from water and air-dried, 
it melts with frothing at 165—170°. When quite dry, it has m. p. 
215°, and [a]? + 30-9° (c = 0-59, in alcohol). For analysis the 
substance was dried first at 80° and finally at 140° in a vacuum 
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(Found : C, 53-2, 53-1, 52-74*; H, 6-2, 6-3, 6-11*; N, 8-34*, 8-32+ Bi 


8-3; MeO, 18-9; M, cryoscopic in nitrobenzene, 487. C..H;,0,N, 

requires C, 53:1; H, 6-3; N, 8-45; 3MeO, 18-79%; M, 497-3). 
Action of sodium methoxide. On treating the substance 

Cyy9Hy,019Ns (1 g.) with excess of a 12% solution of sodium methoxide 


in methyl alcohol (1-3 c.c.) a syrup formed. This practically all§s 
dissolved when stirred with methyl alcohol (10 c.c.), and after a few & 


minutes needle-shaped crystals of the sodium salt began to separate: 
these were collected after 12 hours, washed with a little alcohol, 
and dried in a vacuous desiccator (0-94 g.) (Found: Na, 41. 


CygH390,,N,Na requires Na, 43%). The salt was unaltered ini 


composition after being boiled with acetone, in which it is sparingly 
soluble. On heating, the substance gives the pyrrole pine-shaving 
test. It is very soluble in water, forming a faintly alkaline 
liquid which does not give precipitates with salts of the heavy 
metals. 

Reduction with titanous chloride. The hydrolytic product of A was 
reduced in the manner described for the oxidation product itself 
(p. 1113), but the preliminary treatment with sulphuric acid was 
omitted, as the compound is soluble in water. It required 10-89, 
10-90 mols. of titanous chloride for reduction, indicating the probable 
presence of a nitro- and a nitroso-group (calc., 10 mols.). 

Action of acetylating agents. When the hydrolytic product of 4 
is treated with acetyl chloride in a sealed tube at 100° a white solid 
is formed which has so far not been crystallised. When boiled with 
acetic anhydride, it furnishes a well-defined substance crystallising 
from alcohol in prismatic needles, m. p. 257° (decomp.), together 
with a small amount of a second crystalline compound, decomp. 322. 
The main product, which retains the nitrosoamino-group, gives 
analytical figures (except for methoxyl) agreeing with those calculated 
for a diacetyl derivative. The change is, however, probably more 
deep-seated, since the original substance is not regenerated when the 
compound is hydrolysed (Found: C, 53-4, 53-4; H, 6-25, 6:3; 
N, 7:5; MeO, 18-9. C,,H;,0,.N, requires C, 53-7; H, 6-1; N, 72; 
3MeO, 160%). We hope to return to the study of this interesting 
substance when more material is available. 

This hydrolytic product of A does not react with semicarbazide 
nor with methyl iodide under a variety of conditions. Reduction 
experiments with hydriodic acid, titanous chloride, and sodium and 


* We are indebted to Mr. A. Bennett for these results obtained by Pregl’s 
microanalytical method. Great difficulty was experienced in getting satis: 
factory combustion results for this substance and the other figures recorded are 
chosen from some 20 combustion figures, about half of which were in good 
agreement with the formula. 


and t] 
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ieohol did not yield any product which could be characterised. 
(xidation with permanganate and with chromic acid gave very 
yluble substances, which could not be purified. On boiling with 
encentrated hydrochloric acid an amorphous substance was 
obtained which formed organogels. Attempts to purify this sub- 
tance by means of a Berkefeld filter did not lead to any con- 
dusive results; it still contains a methoxy] group, but also contains 
. Bchlorine, and gives the pyrrole pine-shaving reaction. Treatment in 
asealed tube with hydrochloric acid at 170° gave rise to methyl 


| galoride, ammonium chloride, and a black, humus-like acidic 


aubstance. 

The product of the action of phosphorus trichloride on the 
hydrolytic product gives the pyrrole pine-shaving test; it yields, 
n solution in dilute sodium hydroxide and extraction with ether, a 
mall amount of an oily substance, which smells strongly of indole, 
int does not give colour reactions with Nelson’s or Ehrlich’s reagent. 
ixtraction with chloroform gives a similar small quantity of an oil 
vith an indole-like but rather sweeter smell. No other product 
mas isolated. 

Qwidation product B. The orange-coloured substance B (p. 1113) 
iss not been obtained definitely crystalline. It may be purified by 
atraction in a Soxhlet apparatus with dry ether, in which it is 
garingly soluble, and is thus slowly deposited in the flask as a bright 
yllow, granular powder, which slowly decomposes at 195° but does 
wtmelt. After purification in this way it separates from alcoholic 
wutions in a granular condition with the decomposition point 
mhanged (Found: C, 53-35, 53-5; H, 5-6, 5-8; N, 5-2, 5-6; 
MeO, 20-0, 20-2; MeN, 0; M, in camphor by Rast’s method, 774. 
(yH,50,,N, requires C, 53-3; H, 5:7; N, 5:5; 5MeO, 203%; 
M, 765-4). It contains a nitrosoamino-group which, like that of 
wxidation product A, is removed on treatment with acetyl chloride ; 
but no definite acetyl derivative could be obtained. On hydrolysis 
by alcoholic potash, B yields one molecule each of acetic and 
‘nitroveratric acids, which were identified as described already 
1115). The other product of hydrolysis is an intractable, amor- 
phous, orange-coloured substance. 

(2) Oxidation with Chromic Acid.—When a solution of pseud- 
conitine (5 g.) in 10% sulphuric acid (30 c.c.) was treated with 
potassium dichromate (3-4 g.) in water (145 c.c.) an orange-coloured, 
ganular precipitate was obtained which dissolved after 3 hours’ heat- 
igonawater-bath. After cooling, the solution was extracted with 
thloroform, which removed adark-coloured substance (4:5g.) contain- 
ig chromium. This solid was extracted with 0-5% sulphuric acid 
ind the part undissolved (2-47 g.) was crystallised from alcohol. The 
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oxidation product was thus obtained in colourless, irregular prisms 
(2:05 g.), decomp. 255°, [a]#’ + 67-95° (Found: C, 63-4, 6346, 
63-3; H, 7:1, 7-0, 7:2; N, 2-1; MeO, 24-3, 23-6; NMe, 344. 
C,,H,;0,,N requires C, 63-4; H, 7:05; N, 2-2; 5MeO, 24-1; NMe, 
4-5°,). The substance is insoluble in water, its solution in dilute ff 
alcohol is neutral, but it forms salts in presence of excess of acids, 


The hydrochloride was prepared by dissolving the substance in afP* 


considerable excess of 10% hydrochloric acid, evaporating the j"' 
solution to dryness under reduced pressure, and crystallising the fl 
dried salt from a mixture of dry alcohol and dry ether : it was thus 
obtained in stout, glistening needles, which when quite dry frothed 
at about 180°; [«]?’ + 39-5° (in dry alcohol; c = 1-006) (Found; 
C, 60-1; H, 6-9; Cl, 5-2. Cy,H,;0,,N,HCl requires C, 60-0; H, 
6-8; Cl, 5:2%). The salt is soluble in cold water, but rapidly 
dissociates on warming. ‘The picrate, prepared in the usual way from 
the hydrochloride, crystallised from dry acetone, on addition of dry 
ether, in balls of stout, short, yellow needles, m. p. 229—230' 
(Found: C, 55:15; H, 5-5. C,,H,;0,,N,C,H,O,N, require 
C, 55-0; H, 555%). The chloroaurate separates from dry alcohol 
as a granular, yellow powder which sinters at 175°, decomposes at 
185°, and is of anomalous composition (Found: Au, 162 
4C,,H,,0,,N,3HAuCl, requires Au, 165%). 

Hydrolysis. The oxidation product (5 g.) was mixed with alcobil 
(100 c.c.) and 50% potassium hydroxide solution (10 g.) and leftto 
stand for 24 hours; water (100 c.c.) was then added, and the undis 
solved solid (1-75 g. of unchanged material) filtered off. The filtrate 
was neutralised with sulphuric acid and filtered from potassium 
sulphate, and the alcohol removed by distillation. After cooling, 
the solution was acidified with sulphuric acid and the precipitate 
formed was collected (0:48 g.). The filtrate was extracted with 
benzene, the benzene extract added to the precipitate, and the whole 
dissolved in hot water, from which veratric acid crystallised in 
colourless needles, m. p. 187°; it was identified by a mixed melting- 
point determination. The original filtrate was steam-distilled, and 
acetic acid identified in the distillate by preparation and analysii 
of the silver salt (Found: Ag, 63-9. Calc.: Ag, 64:7%). The 
steam-distillation residue was made alkaline with sodium carbonate 
and extracted with chloroform, yielding a reddish varnish (1-65 g,), 
which, when dissolved in dry alcohol and treated with dry ether, 
crystallised as balls of fine, faintly pink needles, m. p. 175—1'7’. 
This substance should have the composition C,,H,,0,N, but it 
has proved difficult to get consistent results with it on analysis al 
the material clearly needs further investigation. 
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** Chumbi Aconite.”’ 


The total alkaloid was extracted separately from the roots and 
‘Blaves by the process described for A. Balfowrii (p. 1110). The roots 
ielaed 1-1%, and the leaves 0-2%, of total alkaloid, of which one- 


->. Malf and one-quarter, respectively, were obtained as crude crystalline 


hkaloid melting at 197°. This was converted successively into the 
hvdrobromide, hydriodide, and hydrochloride, each of these salts 
ieing recrystallised until of constant melting point. Finally, the 
pure base (3 g.) was regenerated from the hydrochloride and crystal- 
sed from alcohol; it then formed thin, hexagonal plates, m. p. 203° 
Mcorr.; decomp.), [a]? + 16-3° (in chloroform; c = 3-84). It was 
‘jurefully compared with (1) Dunstan and Read’s japaconitine, of 
which a small specimen was kindly provided by the authorities of 
the Imperial Institute, and (2) a specimen of carefully purified 
aonitine made from A. Napellus grown in England. The melting 
pints of the three alkaloids taken simultaneously were 203°, 203°, 
4°, respectively. Mixtures of the first two showed no depression, 
ud either of the first two mixed with the third depressed the melting 
pint of the latter, but only to 203°. The melting point of aconitine 
fom A. Napellus is generally stated to be 197—198°, but this refers 
nearly all cases to Merck’s aconitine, which, according to Majima 
ind his colleagues (loc. cit.), consists mainly of an alkaloid (aconitine- 
4) m. p. 202—203°, [a]j + 18-1° in chloroform. The only other 
iifference noted between the alkaloid of ““ Chumbi aconite ” and that 
tA. Napellus was that the former appeared to be more soluble in 
dher. On analysis the two alkaloids, after drying at 110° in a 
rcuum, gave the following results : 

“Chumbi aconite ’’ (1) base : C, 62-6, 62-5; 

(2) hydrobromide : C, 55-6; 
10-8%. 
4, Napellus (1) base: C, 63-1; H, 7-4%. 
(2) hydrobromide: C, 56-0; H,7-1; Br, 11-6%. 

Cale. for C,,H,,0,,N : C, 63-2; H, 7-3. Calc. for C,,H,,0,,N,HBr : 
(56-2; H, 6-7; Br, 11-0%. 

Cale. for Cy,H490,,N : C, 63-0; H,7-6. Calc. for C,,H4g0,,N,HBr : 
(56-0; H, 6-9; Br, 11-0%. 


There is naturally little to choose between these formule, but the 
sults for the alkaloid from Chumbi aconite agree better with the 
igures required by C,,H,,O,,N, the formula assigned by Dunstan 
ind Read (loc. cit.) to japaconitine, than with C,,H,,0,,N, which 
8 the formula accepted for aconitine from A. Napellus (compare 
Majima, loc. cit.). 

The principal constants of the alkaloid from Chumbi aconite (C) 
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and its salts are given in the following table and compared with 


those usually accepted for aconitine (A) and japaconitine (J) angg¥s! 


their salts. The melting points and the specific rotations given arf! 
for the anhydrous substance in each case, unless stated otherwise, 
and the solvents are chloroform for the bases and water for the salts, 
Figures shown in parentheses are new determinations made in the 
course of this work with the English aconitine already referred to 
above. 


Bases. Hydrobromides. 


A 


C. A. J. C. A. J. 
203° 197—198° 175° (176—180°) 172—177 
(204°) 
-+- 16-3° +14-6° + 20°% —34-S8° —30-8° — 
(-++17°3°) (—29-1°) 
Hydrochlorides. Hydriodides, 
A —~ —e 
A. J. C. A. J. 
149° * 149° * 225° =226° ~—s:198° 
(174°) 
—35:4° —25-1° ~ — an 
(—29-2°) 


* Probably hydrated salts. 


It will be seen that all three alkaloids have similar constants ani 
that the alkaloid from Chumbi aconite more closely resembles 
aconitine than it does japaconitine. With regard to the discrepanvis 
between the pair it may be pointed out that, although 197—198i 
usually accepted as the melting point of aconitine, the specimen of 
aconitine used in this instance had m. p. 204°, which is close to that 
(202—203°) recorded by Majima and his co-workers for the aconitine 
A they isolated from Merck’s aconitine (m. p. 197—198°). The melt 
ing point recorded for aconitine hydrobromide varies from 163° to 
206—207°. In the authors’ experience and under the condition 
maintained throughout their determinations, it melts when quite 
dry at 176—180°; ifthe dry salt is left in the air for a few minutes 
some sintering occurs at 160—163°, and if the temperature is thet 
slowly raised the salt never really melts but decomposes above 20) 
(compare Schulze, Arch. Pharm., 1906, 244, 170). The hydro 
bromide of the alkaloid from Chumbi aconite behaves similarly 
but differs in melting quite sharply at 175° under the standar( 
conditions and when quite dry. In recrystallising this hydrobromidé 
from water, a minute quantity of a sparingly soluble salt, m. p. 19% 
(corr.), was eliminated. It is possible that the long range of melting 
point usually attributed to aconitine hydrobromide is due to thi 
salt being a mixture, and it is noteworthy that both formsof Majima’ 
aconitine-A hydrobromide are stated to melt sharply. 

The English aconitine used by the present authors gave [«)) 
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-29-1° for the hydrobromide and [«]}}” —29-2° for the hydrochloride. 
Unfortunately Majima and his co-workers give no figures for the 
gecific rotations of the salts of their aconitines-A and -C. The 
chloroaurate of the alkaloid of Chumbi aconite, crystallised from 

ilecohol, melts at 136° (air-dry) and at 152° (dried at 100°). The 
Torresponding melting points for aconitine chloroaurate are 136° 
and 151—152°. 

None of the crystallised alkaloid could be spared for hydrolytic 
experiments, but the residual amorphous alkaloids (7-8 g.) were 
jydrolysed by keeping them in alcoholic potassium hydroxide for 2 


i73uys. The liquors were worked up as described on p. 1118, the bases 


being extracted with ether (yield, 1-2 g.) and chloroform (yield, 
4 g.). Both residues were acetylated in the cold with acetyl 
chloride and yielded the same crystalline product (1 g.) which, when 
mrystallised from boiling alcohol, had m. p. 241°, [«]f” —32-5° 
in chloroform; c = 2-625) (Found: acetic acid, 33-1. Cale. for 
fur acetyl groups in C,,H40,,N: acetic acid, 35°9%). These 
ires agree with those (m. p. 241—242°, [«], —33-7°) recorded by 
hjima, Suginomé, and Morio (Ber., 1924, 57, 1466, 1472) for the 
#tta-acetyl derivative of aconine-A derived from both jesaconitine 
awetylanisoylaconine) and the aconitine-A isolated from Merck’s 
wonitine. The alkaline aqueous liquid was acidified and shaken 
vith ether, which extracted benzoic acid (m. p. 121°). The residual 
iuor was steam-distilled, the distillate neutralised by sodium 
idroxide, and sodium estimated as the sulphate in the dry residue 
found: Na, 32-4. Calc. for C,H,0,Na: Na, 280%). This high 
mult was not unexpected, as the acetic acid obtained by the 
iydrolysis of amorphous residual bases of Aconitum species is in our 
@iperience never pure. 

These observations on the amorphous bases of Chumbi aconite 


+m the whole tend to support the view that the crystalline base of 


itis plant is aconitine. 


The authors desire to record their indebtedness for help in the 
turse of this work to their assistants, the late Mr. 8S. E. Pusey, 
‘essrs. F. Walton, L. Barnett, and H. C. Clarke, and to Dr. H. A. D. 
fowett for kindly undertaking, at Messrs. Burroughs Wellcome & 
ii@l'8 works at Dartford, the preliminary extraction of the con- 
derable quantity of A. deinorrhizum roots used. 


WELLCOME CHEMICAL RESEARCH LABORATORIES, 
Lonpon, E.C. 1. [Received, February 24th, 1928.] 


1122 DAVIES AND WOOD: THE COMPARATIVE EFFECTS OF THE 


CXLII.—The Comparative Effects of the Nitro, 
Carboxyl, and Sulphonic Acid Groups on the 
Hydrolysis of Aryl Halides. 


By Wiit1am Davies and Epona SwaLtow Woop. 


THE almost complete lack of activity of chlorine in 1 : 3-dichloro. 
benzene-4 : 6-disulphonic acid as compared with its great activity 
in 1 : 3-dichloro-4 : 6-dinitrobenzene has already been noticed (J, 
1927, 1122). The effect of the nitro-group on o- and p-halogen atoms 
is great and well known (compare Kenner, J., 1914, 105, 2717; 
Holleman and collaborators, Rec. trav. chim., 1921, 40, 67). Partly 
from a consideration of their activating effects on other atoms or 
groups in the same molecule, the carboxyl and the sulphonic acid 
groups, like the nitro-group, have been classified as positive (Lap. 
worth, Mem. Manchester Phil. Soc., 1920, 64, ii, 2). However, 
the chief and almost the only experimental investigation of the 
activating effects of these two groups on halogen atoms in the 
benzene nucleus has been carried out by Schépff and his collaborator, 
who deduced the following rule from their results (Ber., 1891, 24, 
3784, where references to previous experimental work are given) :— 
“ Das Halogenatom des Benzolkernes ist bei gleichzeitiger Anwesen- 


heit zweier negativer Gruppen in o- und p- Stellung, der gleich ode 
ungleich sein konnen, leicht durch andere zu ersetzen; ist nur eine 
negative Gruppe vorhanden, so findet keine Umsetzung statt, ausser 
bei der Nitrogruppe.”’ One of the results of the rule has been the 
adoption in preparative work of precautions against hydrolysis in 
compounds of the type examined by Schépff (see p. 1126). 


Cl 


Cl Cl Cl 
oat ates 
| 
? 4 
< x xX , 4 


(I.) (IL.) (III.) (IV.) 

This paper records a comparison of the effects of the groups 
mentioned in the title on the reaction RC] + 2KOH = ROK + 
KCl + H,0. 

Martinsen (Z. physikal. Chem., 1907, 59, 605) has shown that the 
speeds of nitration of nitrobenzene, benzenesulphonic acid, and 
benzoic acid are 
CO,H (K = 100)>SO0,H(K = 26-:0)>NO0,(K = 1-5) . Series A. 

Since benzoic acid (19-8°%), benzenesulphonic acid (10%), and nitro- 
benzene (about 6-5°/) undergo under similar conditions ortho-para- 
nitration to the extents indicated in parenthesis (Holleman, “ Die § 
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direkte Einfiihrung von Substituenten in den Benzolkern,” pp. 124, 
15,and 71 respectively), it is evident that no very exact quantitative 
meaning can be assigned to Martinsen’s figures, which refer to total 
and not merely meta-nitration. Nevertheless Martinsen’s results 
may be accepted as indicating in a roughly quantitative way the 
activation of meta-standing hydrogen. 

The experiments now to be described show that the order of 
activation of the chlorine atom in (I), (II), (III), and (IV) produced 
by X (CO,H, SO,H or NO,) is 


NO,>SO,H>CO,H. . . . Series B. 


The activating powers of the three groups are, however, very 
different. So great is that of the nitro-group in comparison with 
the other two groups that only extremely rough figures can be given. 
In compounds of type (II) the chlorine in the nitro-compound is 
nore than 70,000 times as reactive as that in the sulphonic acid 
and more than 200,000 times as reactive as that in the carboxylic 
aid. These figures merely represent lower limiting values as is 
explained on page 1131, and the nitro-compounds are in reality far 
more reactive than they indicate. 

p-Chlorobenzenesulphinic acid also has been compared with the 
analogous substances (I) examined: the chlorine atom is slightly 
nore mobile than that in p-chlorobenzenesulphonic acid. The experi- 
ments, however, necessitated temperatures above 100°, and it is 
possible that some of the sulphinic acid changed to p-chlorophenyl 
disulphoxide (compare Otto, Annalen, 1868,445, 323), which might 
possibly be much more reactive than the original sulphinic acid. 
In any event, it is clear that the sulphinic acid group confers the 
same order of activity as the sulphonic acid and the carboxyl group. 

No doubt the unique character of the nitro-group depends on or is 
closely connected with the fact that aromatic nitro-compounds 
(compare s-trinitrobenzene and picric acid) readily form addition 
compounds (compare Kenner, loc. cit.; Kenner and Parkin, J., 
1920, 117, 852), whereas sulphonic and carboxylic acids have this 
tendency very slightly, if at all, developed. Not only does the nitro- 
group make a suitably placed chlorine atom reactive, but it seems to 
put the molecule into a reactive phase, and enables a suitably 
placed sulphonic or carboxylic acid group to produce an enormously 
greater effect than it does in the molecule without a nitro-group. 
For example, the activity of the chlorine in p-chlorobenzenesulphonic 
or p-chlorobenzoic acid is so small that it cannot be measured at 
ordinary pressures in a reasonable time. But in compounds of type 
(IV) the chlorine atom in the sulphonic acid is about 16, and that in 
the carboxylic acid about 4-4, times as reactive as the chlorine in 
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o-chloronitrobenzene (see Series IL). This great increase in the 
effect of the weaker groups in conjunction with a nitro-group seems 
to show that the nitro-group may owe its unique activating power to 
its ability to form intermediate compounds, of which the othe 
groups, when in the same molecule, may take advantage. 

The significance of the fact that the order in Series A is the 
reverse of that in Series B will be dealt with in a later communic. 
ation. Meanwhile it may be noted that Schépff’s rule is on the 
whole correct, though the relatively extraordinarily great effect of 
the nitro-group is not indicated. The carboxyl or sulphonic acid 
group alone has too small an activating power at moderate temper. 
atures to justify such precautions to prevent hydrolysis as those 
referred to on p. 1126. At high temperatures, however, the weaker 
activating groups show considerable effect, as, e.g., in the preparation 
of diphenylamine-2 : 4 : 6-trisulphonanilide (p. 1125). 


EXPERIMENTAL. 


The Preparation and Purification of Materials.—o- and p-Chlono. 
nitrobenzenes are recrystallised from methylated spirit until they 
melt sharply at 32° and 83°, respectively. 

Sulphonic acids. ‘The sulphony]l chloride is boiled with methylated 
spirit for 2 hours and then water is gradually added at intervals to 
the boiling solution until the ester first formed is completely hydro 
lysed, as shown by no precipitation occurring on further addition 
of water. The solution, after being freed from hydrochloric acid 
by repeated evaporation nearly to dryness with suitable additions 
of water (it is also free from sulphate), is filtered, diluted to a con- 
venient concentration, and standardised by titration with potassium 
hydroxide. The purity of the sulphonic acid is checked by an 
analysis of the potassium salt. 

Chlorobenzene-p-sulphonic acid. Chlorobenzene sulphonated by 
Baxter and Chattaway’s method (J., 1915, 107, 1815) gives even under 
these mild conditions a moderate amount of the sulphone (m. p. 
149°), which is easily separated from the acid. The barium salt 
gives a good yield of chlorobenzene-p-sulphonyl] chloride (m. p. 53°) 
when heated with phosphorus pentachloride (Found in the anhyd- 
rous potassium salt: K, 16-8. Cale.: K, 16-95%). 

Chlorobenzene-2 : 4-disulphonic acid. Since, owing to the tendency 
to sulphone formation, chlorobenzene cannot conveniently be di- 
sulphonated, phenol is disulphonated and the hydroxyl group then 
replaced by chlorine. This process is based on that of Pollak, v. 
Fiedler, and Roth (Monatsh., 1918, 39, 179), who obtained a mixture 
of chlorobenzene di- and tri-sulphonyl chlorides. It is more com 
venient to mono- and di-sulphonate phenol, and the corresponding 
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chlorobenzene-mono- and -di-sulphonyl chlorides can be separated 
by distillation under very low pressure. Phenol (499 g.) is heated 
with 96% sulphuric acid (870 c.c.) in the water-bath for 4 hours, 
50c.c. of fuming sulphuric acid (10% SO,) are added, and the mixture 
is heated for 5 hours in a brine bath at 108—110° (the temperature 
of the sulphonating mixture is 101—103°). Under these conditions 
the phenol is largely disulphonated without being trisulphonated. 
The sulphonic acids are converted into their calcium and thence into 
their sodium salts, and these, when heated with phosphorus penta- 
chloride at 140—150°, give the mixed sulphony] chlorides of chloro- 
benzene, which are washed with hot water and dried in a vacuum 
(40 g.; m. p. 77—80°). Distillation at 1 mm. gives a small fraction 
boiling below 180°, but the main fraction (240 g.) boils at 180—190° 
and melts at 81—89°. After crystallisation from light petroleum, 
the product is obtained in needles melting sharply at 89°. Pollak 
records m. p. 87—88°. The potassium salt is extremely soluble in 
cold water, and sparingly soluble in alcohol, which precipitates it 
in very fine prisms (Found in material dried at 155°: K, 22-6. 
(,H,0,CIS,K, requires K, 22-49%). The amide is readily soluble 
in hot alcohol and in water, slightly soluble in the cold solvents, 
and separates in minute needles, m. p. 206—207° (Found: N, 10-5. 


Chlorobenzene-2 : 4: 6-trisulphonic acid is most conveniently 
obtained, not according to Pollak, v. Fiedler, and Roth (loc. cit.), 
but by the preparation of phenol-2 : 4: 6-trisulphony] chloride by the 
ation of chlorosulphonic acid on phenol at 145—155° after Pollak, 
Gebauer-Fiilnegg, and Riesz (Monatsh., 1926, 46, 383). The phenol 
tisulphonyl chloride, when heated with phosphorus pentachloride, 
gives about a 10% yield of crude chlorobenzenetrisulphony] chloride, 
nm. p. 152—162°; this crystallises from light petroleum (b. p. 80— 
100°) in needles, m. p. 170° (recorded m. p., 170—171°) (Found : 
(17:5; H, 0-6. Cale.: C, 17-6; H, 05%). The potassium salt 
forms colourless needles, which are excessively soluble in water and 
paringly soluble in alcohol (Found: K, 25-3. C,H,O,CIS,K, 
requires K, 25:1%). Diphenylamine-2 : 4 : 6-trisulphonanilide is 
nade by boiling the sulphonyl chloride and an excess of aniline 
together for 1 hour. Aniline hydrochloride is removed; the residue 
aystallises from nitrobenzene in light grey needles which darken 
m keeping, m. p. 227° (decomp.). When heated with sodium, it 
fives a fine violet colour (Found: C, 56-4; H, 4-1. C,)H,,0,N,8, 
requires C, 56-8; H, 4-1%). 

|.Chloro-2-nitrobenzene-4-sulphonic acid is best obtained pure, 
lot by nitrating the chlorobenzenesulphonic acid (compare 
Fischer, Ber., 1891, 24, 3188), but as follows: A mixture of chloro- 

PP 
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benzene-p-sulphonyl chloride (20 g.), nitric acid (20 c.c.; d 1:50), 
and concentrated sulphuric acid (80 c.c.) is stirred and warmed 
initially at 35°, when the reaction begins, and then for 5 hours a 
25—30°. The product is precipitated by water, washed free from 
acid, and crystallised from light petroleum (b. p. 40—60°); it then 
has the correct m. p., 39—40°. The yield is 17 g. The potassium 
salt forms long, colourless needles readily soluble in hot, moder. 
ately easily soluble in cold water (Found in dry salt: K, 142 
C,H,0;NCISK requires K, 14-2%). 

Chlorobenzene-p-sulphinic acid was prepared in excellent yield 
by reduction of the corresponding sulphonyl chloride with sodium 
sulphide after the method of D.R.-P. 224019 and purified by con. 
version into the sparingly soluble ferric salt and crystallisation of 
the moderately soluble ammonium salt (shining plates). The acid 
melts at 100—102° (Otto and Brummer, Annalen, 1867, 143, 113, 
give m. p. 88—90°) (Found for the ammonium salt dried over phos. 
phoric oxide: N, 6-6; loss at 100°/40 mm., 8-4. C,H,O,NCIS,H,0 
requires N, 6-6; H,O, 8-5%). 

Carboxylic acids. Commercial p-chlorobenzoic acid was purified 


until the correct melting-point was attained. It was finally found 


more convenient, in order to obtain a pure specimen (m. p. 24 
in a sealed tube), to prepare it from pure p-chlorotoluene. The 
4-chloro-3-nitrobenzoic acid (Schuchardt) melted at 182° before and 
after purification. 

4-Chloroisophthalic acid is best prepared by the oxidation o 
4-chloro-m-xylene (b. p. 181—185°) as described for the preparation 
of chlorotrimesic acid below. It is not essential in this case to extract 
the acid with ether, as it is only slightly soluble in cold wate 
(Found: equiv., 100-6. Cale.: equiv., 100-25). It melts a 
295°, the m. p. recorded by Ullmann and Uzbachian (Ber., 19, 
36, 1799). No improvement in the yield followed the use of magnes- 
ium sulphate in the oxidation, which these authors advocate 
order to minimise the hydrolysis of the chlorine atom in the chloro- 
isophthalic acid as the latter is produced. 

1-Chlorotrimesic acid has already been prepared by the action 
phosphorus pentachloride on hydroxytrimesic acid (Ost, J. pr. Chem. 
1877, 15, 308), but is much more conveniently made as follows: 
Chloromesitylene is prepared by the chlorination of mesitylene in 
presence of antimony trichloride at 10—30°, and the fraction boiling 
at 204—206° (15:5 g.) is oxidised with potassium permanganate 
(95 g. in 2200 c.c. of water) for 22 hours. The solution is concet 
trated, the unchanged chloromesitylene distilling over in the proces, 
sulphur dioxide is passed in until the manganese dioxide has dis 
appeared, and the carboxylic acid is collected after cooling. The 


derivat 
tstimat 
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filtrate is extracted with ether, and the total yield is 15-5 g. (63-5%) 
of anhydrous acid, m. p. 285° (Ost gives 278°). It is very readily 
soluble in cold (contrast Ost) and excessively soluble in hot water 
(Found: equiv., 81-8. Cale.: equiv., 81-5). The oxidation was 
carried out also in presence of excess of magnesium sulphate, but 
there was no improvement in the yield. The hydrolysis without 
magnesium sulphate must have been very minute, since it could not 
be detected by a colour reaction with ferric chloride solution. 


Details of the Methods used in Estimating the Amount of Hydrolysis. 


All the reagents, organic and inorganic, were proved to be free 
fom halogen. No halogen is detectable in Merck’s guaranteed 
potassium hydroxide. The vessels were boiled with pure potassium 
hydroxide solution until all adventitious halogen was removed. 

An aqueous-alcoholic solution was used (except where stated 
otherwise), because a medium was required which would dissolve 
both nitro-compound and potassium salt. Absolute alcohol, practic- 
ally free from acetaldehyde, was diluted with the required amount 
of NV /2-potassium hydroxide until the solution contained 60% of 
alcohol by volume on the assumption that no change in volume had 
ocurred during mixing. Such a solution boils at about 82°. 
Richardson (J., 1926, 525, 528) has shown that in the prolonged treat- 
ment of p-chloronitrobenzene with alcoholic potassium hydroxide 
the nitro-group as well as the chlorine atom is apt to be attacked to 
fom some dichloroazoxybenzene. However, the use of this reagent 
was continued, because the nitro-compounds (picryl chloride and 
2:4-dinitrochlorobenzene) through which comparisons were made 
with sulphonic and carboxylic acids were heated for a relatively 
short time (15 minutes). 

The equation RCl + 2KOH = ROK + KCl + H,O requires two 
mols, of potassium hydroxide. Three mols. were taken (except in 
Series ITI and IV, where only two were employed) in order to have a 
lage excess of alkali always present; in the case of the nitro- 
compounds this was particularly necessary, as the speed of hydrolysis 
Was 80 great. 

The chloro-compound was refluxed with the potassium hydroxide 
‘lution in a Duroglass bromine flask adequately protected from 
wid fumes, and the amount of potassium chloride produced was 
timated as silver chloride. The chlorine in chlorobenzene-p- 
sulphonic acid and in p-chlorobenzoic acid was not reactive enough 
it ordinary pressures, and high temperatures and sealed tubes were 
rorted to (Series I). The di- and tri-substituted chlorobenzene 
ittivatives gave, after prolonged refluxing, sufficient chloride to be 
«timated by the micro-method. 
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Estimation of Chlorine. —After the reaction had proceeded for thy 
desired time, the potassium hydroxide solution was acidified with 
concentrated nitric acid and filtered cold through a halogen-fr 
Hirsch funnel and filter-paper, which retained certain products frop 
the glass and also any unchanged precipitated carboxylic acid. | 
micro asbestos filter tube was then prepared after Pregl, but j 
addition the asbestos was thoroughly washed with hot aque 
ammonia solution, and then consecutively with water, dilute nitri 
acid, and alcohol. The chloride produced in the reaction was « 
lected as silver chloride in the filter tube after Pregl. The silve 
chloride was often violet and was sometimes mixed with a relativel 
large amount of unchanged carboxylic acid, especially p-chlon 
benzoic acid, the solubility of which in water at the ordinary tempe. 
ature is less than 0-02. The substance in the filter was treated with 
a definite amount (which should be the same in all these cases) ¢ 
hot 3° pure ammonia solution, and then the filtrate with wate 
dilute nitric acid, and alcohol. The precipitated silver chloride noy 
coagulated more rapidly than before, and was again collected ani 
weighed. (It is not easy to make micro asbestos filter tubes pe 
fectly constant in weight to washing with ammonia, but any err 
introduced through this are of the second order.) This gravimetri 
process, though tedious, is preferable to the volumetric methods fi 
the estimation of several mg. of chloride. 


Serres I. Compounds of formula (I). 
G. of AgCl 


Activating or c.c. of 
group Time G.-mol. AgNO, % Con- 
(X). Temp. (hrs.). of subs. sO. version. 
82° 6 0-0100 0-2548 17-8 
82 5 0-0100 36°89 c.c. 18-4 


160—170 0-0100 0-0600 4-18 
140—165 0-:004816 9-5lc.c. 3°94 
100—170 36 0-005 * 0-00622 0-868 
100—150 36 0-005 * 0-00246 0-3433 


160—170 0-0100 0-1217 8-48 
140—165 0-005 17°82 c.c. 711 
100—170 5 0-003 * 0-00731 1-70 


160—170 0-0100 0-0309 2-156 
140—165 0-005 4:76 c.c. 1-94 
100—170 36 0-00566 * 0-00255 0-3143 
100—150 36 0-00671 * 0-00106 0-1103 


* In aqueous solution. 


0-01994N-Silver nitrate was used with thiocyanate, except in the 
second experiment, where 0-05003N-silver nitrate was used vil 
potassium chromate as indicator. 

In experiments (a) and (b) macroanalysis was used, 
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Except in the first two experiments (with p-chloronitrobenzene), 
the reactants were heated in red-line Jena glass tubes in a Lothar 
Meyer bomb furnace at temperatures varying from 100° to 170°. 
The temperatures varied very considerably owing to changes in the 
gas pressure, but this is immaterial, as the tubes were always in the 
funace together. No doubt there were slight inequalities in the 
heating of the furnace, but the tubes were arranged in the furnace 
in different order in different experiments without causing great 
variations in the amount of hydrolysis. The experiments clearly 
show that there is a detectable order in the activation due to the 
different groups. 

Temperatures higher than 170° were not employed, because at 
this temperature very minute traces of sulphuric acid were formed 
in the tubes containing sulphonic acid. In all the experiments 
involving sulphonic acids, the filtrate from the silver chloride was 
tested with barium nitrate : positive results for sulphuric acid were 
obtained only in the products from these high-temperature experi- 
ments. 

Series II. Compounds of formula (IV). 
r denotes the amount of first-hour conversion compared with that of 
o-chloronitrobenzene (X nil). 
G. of AgCl 


or c.c. of Ratio 
Activating Time G.-mol. AgNO, % Con- (CO,H 
group (X). (hrs.). of subs. soln. version. == J). 
Nil 0-0100 0-0215 1-50 
0-0100 0-1195 , 
0-0100 0-1208 


0-0100 1-4254 
0-0100 1-4288 


0-0101 0-3513 
0-00567 0-5740 
0-0101 66-59 c.c. 


0-0100 0-0910 “§ , 
0-0100 0-4061 “3! ‘0 
0-0100 25-02 c.c. 24-¢ ‘0 


OOo—m CO Ooao-~ 
bo bo 
on 


QS = 


All these experiments were done at 82° with aqueous-alcoholic 
potassium hydroxide. 0-0997N-Silver nitrate was used with 
thiocyanate, but the process was not satisfactory, as the colour of 
the organic solution somewhat masked that of the indicator. 

The ratio 3-79 for 1 hour is in fair agreement with the ratio for 
6 hours, for if 24° of the sulphonic acid and 6-3% of the carboxylic 
aid present are converted per hour, then 80-7% and 32-3%, 
respectively, are transformed after 6 hours. This gives the ratio 
after 6 hours as 80-7/32-3 = 2-50 (Found: 2-49 and 2-67). This 
method is obviously very rough, but does not assume the order of 
the reaction. 
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Similar experiments for 1 hour were done in aqueous potassiuy, 
hydroxide solution at 100°: the percentage conversion of th 
sulphonic acid was 20-6 and 19-2, and of the carboxylic acid, 59 
Notwithstanding the higher temperature, the velocity of reaction jj 
less in water than in alcohol.. Similar cases are recorded in the 
literature (compare Slator and Twiss, J., 1909, 95, 99; Rheinlande, 
J., 1923, 123, 3105). 


Series IIT. Compounds of formula (II). 


Con- 

Activ- versionin Con- 
ating G.-mol. AgC@l 127 hours version 
groups ‘Time of formed per0-01 per 100 

(X). (hrs.). subs, (g.). g--mol. hours. 

28O,;H (a) 63-5 0-01 0-0052 0-0104 0-0082 
»  (b) 127 0-005 0-007025 0-01405  0-01107 
» (ce) 127 0-005 0-00308 0-00616 0-00485 


2CO,.H (a) 63-5 0-01 0-00191 0-00382 0-00302 
» ° (b) 127 0-005 0-001715 0-00343 0-00270 
o (ce) 127 0-005 0-00106 0-00212 0-00168 


Serres IV. Compounds of formula (III). 


380,H (a) 635 0-005  0-00821  0-03284  0-02583 
»  (b) 127 0:0025 0-00791 0-03164  0-02491 
» (ec) 127 0:0025 0-01102  0-04408  0-03472 


3CO,H (a) 63:5 0:0025 0-00246 0-01968 0-01553 
»  (b) 127 0:0026 0-00572  0-02288  0-0180 
w (c) 127 0:0025 0-00411 0-01644 0-0129 
Alcoholic potassium hydroxide at 82°. 
380,H 96 0:00679 0-0537 5-7 


Picryl 


chloride 0-25 0-01 1-4254 99-4% converted in 0-25 hour. 
0- 


5 
25 0-01 1-4288 99-6% converted in 0-25 hour. 


9 


Weights of silver chloride, when given to the fourth decimal place 
only, were determined on a macro-balance. 

It was found impossible to repeat, even approximately, the results 
of experiments carried out at different times, probably owing to 
differences in boiling point due to changes in barometric pressure, 
or to changes in the intensity of light. These difficulties were partly 
overcome by carrying out four experiments (each set labelled a, 
b, and c) at the same time in absence of bright light. The figures 
in the last column (s) give the ratio of chloride produced from 4 
sulphonic acid to chloride produced from the corresponding carboxylic 
acid: e.g., the first figure is obiained thus: 0-57/0-21 = 2-7. 

The agreement in the different series is poor and the analyst 
(W.D.) admits that the problem of carrying out reactions on a macto- 
scale and then estimating the minute quantity of product on 4 
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nicro-scale has not yet been solved. Nevertheless a rough agree- 
nent among the results is discernible. 


Discussion of Results. 


A lower limiting value for the activation due to nitro-groups 
compared with that due to carboxyl or sulphonic acid groups can be 
obtained. It has been shown that the chlorine in chlorobenzene- 
):4-disulphonic acid is hydrolysed to the extent of about 0-57% 
in 100 hours (estimation of the hydrolysis for one time interval 
fom the amount produced during another is justifiable when the 
concentration of the reactants is, as here, practically unchanged) 
in aqueous potassium hydroxide solution. 2 : 4-Dinitrochloro- 
benzene, on the other hand, is more than 99% hydrolysed in 0-25 
hour (see Series IT) in alcoholic potassium hydroxide solution (which 
has been shown to have only a slightly greater hydrolytic power 
than the aqueous solution ; see p. 1130 and Series IV). Then, a direct 
proportion gives about 70,000 hours as the time required for 99% 
hydrolysis of chlorobenzene-2 : 4-disulphonic acid. This of course 
ignores the immense retardation of hydrolysis as the concentration 
of the reactants becomes less, and the figure is much more probably 
at least of the order of 10° instead of about 10°. Similarly, by using 
the value 0-2% hydrolysis per 100 hours for chlorobenzene-2 : 4- 
dicarboxylic acid, about 200,000 hours would be required for 99% 
hydrolysis. It may safely be said, then, that the nitro-groups in 
2:4-dinitrochlorobenzene have more than 70,000 and 200,000 times 
the activating effect of the acigenic groups in chlorobenzene-2 : 4- 
disulphonic and chlorobenzene-2 : 4-dicarboxylic acids, respectively. 

A comparison of the activating powers of the sulphonic and 
carboxylic acid groups is less indefinite. The first, third, and 
fourth series show the ratio of the effect of the sulphonic to that 
of the carboxylic acid groups to be 2—3, about 3, and about 2, 
respectively. The sulphinic acid group has been shown (Series I) 
to have about four times the effect of a carboxylic acid group under 
the same conditions. It is possible, however, that the relatively 
unstable sulphinic acid has decomposed in other directions to some 
extent. This possibility is advanced, since we isolated a very small 
quantity of p-chlorophenyl disulphoxide, m. p. 137° (Otto, loc. cit., 
records 136—138°), during the purification of the p-chlorobenzene- 
sulphinic acid with ammonia. 


The authors wish to thank Dr. E. J. Hartung for helpful advice. 
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CXLITI.—Synthetical Eaperiments on the A porphin 
Group. Part II. A Synthesis of Bulbocapnin 
Methyl Ether. 


By Joun Masson GuLLAND and RoBert Downs Hawortz, 


THE synthesis of 5: 6-dimethoxyaporphine described in Part | 
(this vol., p. 581) depended on the discovery of experimental cop. 
ditions which allowed the Bischler—Napieralski synthesis to ly 
utilised in the preparation of 1’-nitrobenzyl-3 : 4-dihydroisoquinoline 
bases. The present communication contains an account of a 
extension of the method to the synthesis of bulbocapnine methy| 
ether (V). 

2’-Nitro-3' : 4’ - dimethoxyphenylaceto-8-3 : 4-methylenedioxypheny. 
ethylamide (1) was prepared by condensing £-piperonylethylamine 
and 2-nitro-3 : 4-dimethoxyphenylacetyl chloride (Kay and Pietet, 
J., 1913, 103, 952). By treating a cold chloroform solution of the 
amide (I) with phosphorus pentachloride, a good yield of 2'-nitro. 
3’ : 4’-dimethoxy - 6 : 7-methylenedioxy-1-benzyl -3 : 4-dihydroisoquin- 
oline (II) was obtained. This pale yellow crystalline base, which 
yielded a sparingly soluble, almost colourless, crystalline hydro. 
chloride, did not undergo atmospheric oxidation. When heated ina 
sealed tube at 100° with methyl iodide, the base (II) was converted 
into the methiodide (III); this yielded oxyhydrastinine and 2-nitro. 
homoveratrole on heating with dilute alkali. 


MeO, MeO 
MeO MeO —: ON 


ON OH, O,N O.N ih 
CO 


. 

| i a eae ol * of \/ Nyc 
Ow amt Oe. 
H, CH, 


‘Hy 
(I.) (II.) (III.) 

The methiodide (III), in strongly acid solution, was reduced 
with zinc dust to 2’-amino-3’ : 4'-dimethoxy-6 : 7-methylenediozy-l- 
benzyl-2-methyltetrahydroisoquinoline (IV), which, although itself an 
oil, yielded a crystalline dihydrochloride. The addition of sodium 
nitrite to a solution of the base (IV) in dilute hydrochloric acid 
yielded a diazo-solution, which coupled with alkaline g-naphthol. 
These facts support the constitution assigned to the base (IV) and 
exclude the possibility of indole formation, which was observed in 
Part I of this series (pp. 584, 587). 
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The phenanthrene ring-closure was effected by diazotising the 
base (IV) in a mixture of methyl alcohol and 2-sulphuric acid, but 
considerable difficulty was experienced in the isolation of the dl- 
pulbocapnine methyl ether from the reaction mixture. Previously 
ithad been possible to isolate the aporphine bases in the form of 
their sparingly soluble hydrochlorides, but the solubility of the 
hydrochloride of di-bulbocapnine methyl ether precluded the use of 
this method. Eventually the alkaloid was isolated in the form of a 
aystalline hydriodide, from which dl-bulbocapnine methyl ether (V) 
yas liberated by the action of sodium hydroxide. 


The synthetical base crystallised from ether in well-defined 
thmbs, m. p. 135°, which were identical with a specimen of dl- 
bulbocapnine methyl ether, prepared from natural d-bulbocapnine 
asdescribed by Gadamer (Arch. Pharm., 1911, 249, 508). Its colour 
ractions and methiodide also were indistinguishable from those of 
i-bulbocapnine methyl ether prepared from naturally occurring 
d-bulbocapnine. 

As Gadamer (loc. cit., p. 509) has resolved dl-bulbocapnine methyl 
ether intu its optically active modifications, this synthesis of the 
i-form completes the synthesis of d-bulbocapnine methyl ether. 
The structure of d-bulbocapnine is therefore now limited to one of 
the two formulz which are obtained by replacing one of the methoxyl 
goups in structure (V) by the hydroxyl group. Gadamer (loc. cit.) 
has selected formula (VI) as the more probable constitution of 
bulbocapnine, and we are engaged in an attempt to synthesise this 
base. 

; EXPERIMENTAL. 

2-Nitro-3 : 4-dimethoxyphenylacetyl Chloride.—2-Nitroveratralde- 
hyde was prepared as described by Pisovschi (Ber., 1910, 43, 2137), 
and was converted into 2-nitro-3 : 4-dimethoxyphenylacetic acid 
by the method of Kay and Pictet (loc. cit.). No attempt was made 
0 purify the intermediate products, and the following description 
indicates briefly the modifications which were adopted in the 
pteparation of large quantities of the acid. 2-Nitroveratraldehyde 
Was rs to the action of alcoholic potassium hydroxide as 

PP 
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described by Kay and Pictet, and the mixture was poured into wate 
and extracted thoroughly with benzene. After being washed with 
sodium bisulphite solution, the extract was dried with sodiun 


sulphate, and the benzene removed. The residual 2-nitro-3 :4 MMhis 


dimethoxybenzyl alcohol, which solidified on cooling, was con. 


verted into the corresponding chloride by the action of phosphorus ips 


pentachloride in benzene solution; the benzene and phosphorus iis 
oxychloride were removed under diminished pressure, and the crudefi 
chloride which remained was converted into the corresponding 
cyanide as described by Kay and Pictet. ‘The excess of alcohol was 
removed by distillation, water was added, and the cyanide extracted 
with benzene; the extract was dried with sodium sulphate and the 
benzene removed. The residual oil was sufficiently pure for con. 
version into 2-nitro-3 : 4-dimethoxyphenylacetic acid, more especially 
as the separation of the imino-ether hydrochloride provided a con. 
venient purification. 

2-Nitro-3 :4-dimethoxyphenylacetic acid (5g.), chloroform (20¢.c,), 
and thionyl chloride (3 c.c.) were warmed for 1 hour on the water. 
bath. The solvent was removed in a vacuum, and the residual 
2-nitro-3 : 4-dimethoxyphenylacetyl chloride, which solidified o 
cooling, was employed without further purification for the following 
experiments. 

2’-Nitro-3’ : 4’-dimethoxyphenylaceto-B-3 : 4-methylenedioxypheny- 
ethylamide (I).—2-Nitro-3 : 4-dimethoxyphenylacety] chloride (irom 
6 g. of acid) in benzene (30 c.c.) was gradually added to a cooled 
solution of 8-piperonylethylamine (5 g.) in benzene (20 c.c.), which 
was constantly shaken, and the buff-coloured precipitate which 
separated was decomposed by the addition of 10% sodium hydr. 
oxide solution. The amide (I), which rapidly separated from the 
benzene, was collected, combined with a small second crop obtained 
by concentrating the benzene layer of the filtrate, and crystallised 
from ethyl alcohol; it formed colourless needles (8 g.), m. p. 158° 
(Found: C, 58-9; H, 5-4. C, H,,0,N, requires C, 58-8; H, 5-2%). 
This amide is sparingly soluble in light petroleum, ether, benzene, 
and cold methyl or ethyl alcohol, but readily soluble in chloroform. 

2'-Nitro-3' : 4'-dimethoxy-6 : 7-methylenedioxy-1-benzyl-3 : 4-dihydn- 
isoquinoline (II)—Phosphorus pentachloride (6 g.) was added to 
cooled solution of the amide (1) (5 g.) in chloroform (50 c.c.), and the 
mixture kept at room temperature for 36 hours, a pale yellow solid 
gradually separating. The chloroform and phosphorus oxychloride 
were removed under diminished pressure, the solid residue was 
extracted with much hot water and filtered off while hot from 4 
small amount of tar, and the filtrate was made alkaline with ammonia. 
The dihydroisoquinoline (II) separated as a cream-coloured, amorph- 


ON THE APORPHINE GROUP. PART Il. 1135 


ys powder, which rapidly became crystalline. On recrystallisation 
om ethyl alcohol it formed pale yellow prisms (3-8 g.), m. p. 164° 
ond: C, 61-6; H,4-9. C,,H,,0,N, requires C, 61-6; H, 4:9%). 
This base is sparingly soluble in light petroleum, ether, and cold 
Mcthyl or ethyl alcohol and readily soluble in chloroform. The 
tingly soluble sulphate and nitrate separate when the base is 
jissolved in dilute sulphuric and nitric acids respectively. When a 
ution of the base in hot dilute hydrochloric acid was cooled, the 
yirochloride separated in very pale yellow plates, m. p. 230° 
decomp.) (Found: C, 56-0; H, 4-8. C,,H,,0,N,,HCl requires 
156-1; H, 47%). 

y'-Nitro-3’ : 4'-dimethoxy-6 : 7-methylenedioxy-1-benzyl-3 : 4-dihydro- 
squinoline Methiodide (III).—The base (II) (3-2 g.) and methyl 
wide (10 c.c.) were heated at 100° in a sealed tube for 1 hour and 
leexcess of methyl iodide was then removed by distillation. The 
sidue crystallised from rectified spirit in bright yellow needles, 
.p. 215° (decomp.) (Found : C, 47°1; H, 4-2. C. >H,,0,N,I requires 
46-9; H, 41%). The methiodide (III) is sparingly soluble in 
ater, methyl and ethyl alcohol. The methiodide (2 g.) and 5% 
dium hydroxide solution (20 c.c.) were heated on a water-bath for 
hours, and the colourless solution was subjected to steam dis- 
lation. The distillate was extracted with ether, the extract dried 
rth sodium sulphate, and the solvent removed, leaving 2-nitro- 
hmoveratrole as an oil. This was oxidised by a hot dilute solution 
if potassium permanganate to 2-nitroveratric acid, m. p. 201°, 
hich was identified by comparison with a specimen prepared by 
he method of Pschorr and Sumuleanu (Ber., 1899, 32, 3409). The 
non-volatile portion was evaporated to dryness, and the solid 
msidue extracted with chloroform. The residue from the dried, 
waporated extract crystallised from aqueous alcohol in colourless 
medles, m. p. 98°. These were identified as oxyhydrastinine by 
comparison with a specimen of the latter prepared by the action of 
tassium hydroxide on hydrastinine (Freund and Will, Ber., 1887, 
”, 2400; Freund, Ber., 1889, 22, 457). 

2'.Amino-3' : 4’-dimethoaxy-6 : 7-methylenedioxy-1 - benzyl - 2 - methyl - 
lirahydroisoguinoline (IV).—A suspension of the methiodide (III) 
85g.) in water (35 c.c.) and concentrated hydrochloric acid (70 c.c.) 
vas heated on the water-bath and shaken vigorously while zinc dust 
lllg.) was gradually added. A colourless crystalline salt gradually 
“parated as the reduction proceeded. The hot solution was 
iitered, the residue thoroughly extracted with hot water, and the 
tmbined filtrate and washings made alkaline with ammonia and 
attracted with ether. The ethereal extract was dried with sodium 
ulphate, the ether removed, and the residual oil, which did not 
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erystallise, was dissolved in alcohol containing hydrogen chlorid, 
The dihydrochloride of the base (IV), which rapidly separated, wy 
collected (2-3 g.) and washed with alcohol. The dihydrochloriy 
crystallised from alcohol, in which it is sparingly soluble, in colow. 
less, glistening prisms, m. p. 231° (decomp.) (Found in materi 
dried at 110°: C, 56-2; H, 6-0. CygH,,0,N,,2HCI requires C, 55:9; 
H, 6-1%). The bright yellow solution obtained on addition ¢ 
sodium nitrite to the dihydrochloride in water gave, on treatment 
with alkaline $-naphthol, a crimson azo-dye, which formed a deep 
magenta-coloured solution in concentrated sulphuric acid. 
dl-Bulbocapnine Methyl Ether (V).—An ice-cold solution of th 
dihydrochloride (5-5 g.) of the base (IV) in sulphuric acid (27 c., 
of 2N) and methyl alcohol (27 c.c.) was diazotised by the gradual 
addition of the calculated amount of 2N-sodium nitrite (freshly 
standardised). The bright yellow solution was heated on the water. 
bath for 40 minutes, and the deep-red solution obtained was reduced 
with zinc dust (3 g.) and concentrated hydrochloric acid (9 ¢.c), 
The hot liquid was filtered, the residue washed thoroughly with 
boiling water, and the combined filtrate and washings were decom. 
posed with ammonia and extracted with much ether; at this stag 
a considerable quantity of the amorphous dilaudanosine derivative 
separated. The pale yellow ethereal extract was washed with sodium 
hydroxide solution and dried with sodium sulphate, and the ethe 
removed. The residual oil was dissolved in dilute hydrochlori 
acid, and a concentrated solution of potassium iodide added; the 
hydriodide separated as a gum. The clear supernatant liquid wa 
decanted, and the gum dissolved in hot alcohol; on cooling, d: 


bulbocapnine methyl ether hydriodide (1-2 g.) separated in almost ali 


colourless prisms, which darken at 240° and melt with decomposition 
at 250° (Found : C, 51-5; H, 4-9. C,9H,,0,N,HI requires C, 514) 
H, 4-:7%). dl-Bulbocapnine methyl ether was obtained as a guy 
by decomposing a hot aqueous solution of the hydriodide with 
sodium hydroxide. This was extracted with ether, the extrac 


dried with sodium sulphate, and the ether allowed to evaporaiqy 


slowly. dl-Bulbocapnine methyl ether separated in large, very pally 
yellow rhombs, m. p. 135°, and no alteration was observed in the 


melting point of a mixture of the synthetical base and a specimalyy ~ 


of dl-bulbocapnine methyl ether prepared from d-bulbocapnine #% 
described by Gadamer (loc. cit.). The synthetical base and the 
specimen obtained from natural sources gave identical colow 
reactions. They dissolved in concentrated sulphuric acid to fom 
colourless solutions which rapidly became orange-red ; they yielde 
deep red solutions with Erdmann’s reagent, deep greenish-blug™ 
colorations with Frohde’s reagent, and with Mandelin’s reagent 4 
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red coloration was first produced, which rapidly became violet, 
then purple and finally blue. dl-Bulbocapnine methyl ether meth- 
iodide was prepared by heating the base with an excess of methyl 
iodide for 1 hour. The excess of methyl iodide was removed by 
‘Bistillation; the residue crystallised from methyl alcohol in long, 

cdlourless needles, m. p. 243° (Found : C, 52-5; H, 5-2. C,,H,,0,NI 
requires C, 52-4; H, 5-0%). The methiodide obtained from dl- 
bulbocapnine methyl ether of natural origin was prepared in a 
similar manner, and no alteration was observed in the melting point 
of a mixture of the methiodides obtained from the two sources. 


Our thanks are due to Mr. D. G. P. Paterson, B.Sc., for help in 
some of the preparative work, and to the Research Fund Committee 
of the Chemical Society for grants. 
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ARMSTRONG COLLEGE, OXFORD. 
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(XLIV.—The Reaction of Bromine with Aliphatic 


Acids. Part II. The Relative Speeds of 
Bromination of Acetyl Bromide and Acetyl Chloride. 


By Hersert BEN WATSON. 


ise results of the author’s investigation of the bromination of 

liphatic acids (Part I; J., 1925, 127, 2067) and anhydrides (Orton, 
jatson, and Hughes, J., 1927, 2458) have been interpreted by 
upposing that in both cases the change proceeds mainly through 
he acid bromide, the speed of bromination of which is assumed 
0 be proportional to the concentration of the halogen. Such 
proportionality is indicated by the results of Urech (Ber., 1880, 13, 
1688), and has now been confirmed by an examination of the bromin- 
tion of acetyl bromide at 25° in an apparatus specially designed 
0 avoid contact of the acid bromide with atmospheric moisture. 
ith the acetyl bromide in excess, the values of k, = 1/t . log a/(a—a) 
how a progressive decrease, but constants are obtained if allowance 

made for the “fixing ’’ of bromine in the equilibrium HBr + 
bt, — HBr, (compare Bugarsky, Z. physikal. Chem., 1901, 38, 
Ml). The proportionality of the velocity to the concentration of 
momine is in harmony with the suggestion (Orton, Watson, and 
Hughes, loc. cit.) that rapid enolisation is followed by a comparatively 
Bbw reaction with bromine. Small amounts of ferric chloride or 

sulphuric acid do not accelerate the reaction, but iodine bromide is a 
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catalyst; confirmation is thus obtained of the view préviously 
expressed that the effect of the two first-named substances on the 
bromination of acetic anhydride is the result of an acceleration of 
the enolisation of the anhydride itself. 

Bromine reacts with acetyl chloride more slowly than with acet yl 
bromide. At 25°, with the concentrations employed, the veloc 
is proportional to the concentration of bromine during the first 
half of the reaction, extensive perbromide formation being pr. 
vented by the reaction HBr + CH,*COCl = CH,-COBr + Hq 
(Staudinger and Anthes, Ber., 1913, 46, 1417); the values of k, 
increase, however, as would be expected, when the amount F 
acetyl bromide becomes considerable. The mechanism of the 
reaction is probably similar to that suggested for the acid bromide, 
and the different speeds in the two cases may be attributed to the 
different “polar effects’? of bromine and chlorine (Baker and 
Ingold, J., 1926, 2466; Ingold, Chem. and Ind., 1926, 45, 357), 
The comparatively slow rate of bromination of the acid chloride 
accounts for its inferiority to the acid bromide as an accelerato 
of the bromination of acids and anhydrides (compare Part I, p. 
2074). 

It has now been demonstrated that a carboxylic acid reacts 
with the bromide of another acid, R-CO,H + R’*COBr = R-COBr + 
R’-CO,H; on distilling molar quantities of bromoacetyl bromide 
and acetic acid, the first fraction boiled at 76—78° and gave the 
analysis of acetyl bromide; further, the freezing point of a solution 
of the same acid bromide in acetic acid indicated that the greate 
part had reacted after one hour at 25°. 

The observations described above provide further evidence in 
favour of the scheme put forward in Part I to represent the bromin 
ation of acetic acid and its homologues. The possibility of a reaction 
of bromine with the enolic form of the acid is not excluded, however; 
but, if such reaction occurs, the slowness of enolisation (compar 
Orton, Watson, and Hughes, loc. cit.) renders it imperceptible 
when even a small quantity of acid bromide is present (hence constant 
values of k,; Part I, p. 2081). In presence of only a trace of the 
acid bromide, however, such as is probably produced by the intr 
duction of hydrogen bromide (which will also accelerate the enolis 
ation of the acid), the reaction may proceed to an et 
extent through the enolide. 

The vast difference in the speeds of bromination of side and 
anhydrides is due mainly to the effect of the medium on the velocity 
of bromination of the acid bromide; for example, addition of only 
1 c.c. of acetic anhydride to 30 ¢.c. of acetyl bromide results in! 
great increase in the speed of bromination, whereas at 25° the aci 
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promide reacts with bromine only slowly in acetic acid solution, 
ad not perceptibly in tetrachloroethane or carbon tetrachloride 
(compare Ingold and Shoppee, this vol., p. 384). There is thus a 
emplete analogy between the bromination of carboxylic acids 
and their anhydrides. 


EXPERIMENTAL. 


The purification and bromination of the acid halides were carried 
out in the apparatus shown in the figure, which consists of a flask, A, 


with fractionating column and condenser, a bubbler B for collection 
of the pure halide, and a reaction vessel, C, all connexions being 
made of glass; a is a three-way tap, by means of which the distillate 
may be admitted either to the bubbler, B, or to the vessel D; when 
the three-way tap e is “ closed ” the reaction vessel, C, is shut off, 
and liquid allowed to drain away from the tube above e. Entry 
of moisture through the taps c and f is prevented by the phosphoric 
oxide tubes H and F. The thermometer is suspended from a glass 
hook fused on the glass stopper at the top of the column. The 
taps may conveniently be lubricated by liquid paraffin. Before 
the apparatus is used, the flask, A, is replaced by a phosphoric oxide 
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tube, and a slow current of air drawn through; the acyl halide ig 
then distilled from A, the early and late fractions being delivered 
into D and the pure materialinto B. The desired quantity of liquidis 
transferred to the reaction vessel, C, by blowing dried air through ¢, 
and the reaction vessel is then disconnected from the remainder of 
the apparatus and placed in a thermostat at 25°. Bromine is 
introduced rapidly at g. For the purpose of withdrawing measured 
volumes of the reaction mixture, a ground-in pipette (capacity, 
2-01 c.c.) is fitted in the aperture above the tap e, this tap is opened, 
and dried air blown in at f; e is then closed, the liquid in the pipette 
is allowed to fall to the mark and then delivered into an excess of 
aqueous potassium iodide, and the iodine is titrated with N/10. 
thiosulphate. In the tables which follow, time is expressed in 
minutes and titres in c.c. of N/10-thiosulphate. 

Acetyl Bromide and Bromine.—The constants are calculated by a 
method similar to that employed by Bugarsky (loc. cit.). If {Br,} 
and {HBr} represent total concentrations, and [Br,] and [HBr] the 
concentrations of “‘ unfixed ” bromine and hydrogen bromide, then 


Rie.) = (Be ww se OG 


{Br,} = [Br,] +[HBr,s) . . . . . (2) 
{HBr} = [HBr] + [HBr,] . . . . . (3) 


With the acetyl bromide in large excess, if a be the initial concen- 
tration of bromine, and x the amount of bromine which reacts 
with the acid bromide in time ¢, then, from the above equations, 
the concentration of “‘ unfixed ’ bromine at time ¢ will be 


[Br,] = HW (K + 2x — a)? + 4K(a — x) — (K + 22 — aj}, 
and da /dt = SIViK + 22 — a)? + 4K(a — x) — (K + 2a — a)p> 


| 


which, on integration, becomes 


__ 1/2(+ K) 1 2a _2a+K 1 2a+K _2—p| 
b= 5 K a om , oe OO +K p+) 


(K ‘+ 2x —a). 


Pure AcBr. AcBr + 0-035M-FeCl,. AcBr + 0-035M-H,S0, 

$. Titre. k. ‘. Titre. k. t. Titre. k. 

0 10-00 0 10-90 0 

60 8-75 0-0023 60 9-60 0-0022 60 . 0-0024 
120 7:65 0-0024 120 8-40 0-0023 120 . 0-0027 
240 5-95 0-0023 240 6-80 0-0021 240 : 0-0019 
360 4:95 0-0024 360 5-60 0-0022 360 : 0-0019 
540 3-90 0-0023 540 4-55 0-0021 540 05 00022 


FOR Se 


Ace 
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The somewhat irregular values of k when sulphuric acid is present 
ye doubtless due to side reactions (compare Part I, p. 2070). 


AcBr + 0-035M-IBr. AcBr (30 c.c.) + Ac,O (1 c.c.). 
; Titre. k. t. Titre. k. 

0 « 10-10 0 10-35 

30 9-10 0-0037 60 6-60 0-0085 
60 8-30 0-0036 180 3:20 0:0089 
120 7-05 0-0033 240 2-60 0-0082 
240 5-50 0-0030 
360 4-30 0-0030 


Acetyl Chloride and Bromine.—Values of k, = 1/t . log a/(a — 2). 


é. Titre. k. t. Titre. k. 
0 10-45 540 6-55 0-00086 
120 9-40 0-00089 720 5-40 0-00092 
240 8-50 0-00086 1380 1-20 0-00157 
360 7-70 0-00085 
Freezing Point of a Solution of Bromoacetyl Bromide in Acetic 
Acid.—0-9822 G. of the acid bromide was dissolved in 17-2668 
v, of acetic acid of f. p. 16°5°. The theoretical f. p. of the solution 
if no reaction took place would be 15-4°, and if the acid bromide 
racted completely (CH,Br-COBr + CH,°CO,H = CH,°COBr + 
(H,Br-CO,H) it would be 14-4°. Observed f. p.’s were 15-05°, 14-80°, 
and 14-60° after 15, 30, and 60 minutes, respectively, at 25°. Hence, 
proportion of acid bromide changed after 60 minutes = 80%. 


In conclusion, the author wishes to express his appreciation of. 
Professor Orton’s interest in the work, and of a grant from the 
Chemical Society Research Fund which has largely defrayed the 
cost. 


University COLLEGE oF NortH WALES, 
BANGOR. [Received, March 15th, 1928.] 


CXLV.—Cyclic Disulphides derived from Diphenyl. 


By Harry JAMES BARBER and SAMUEL SMILES. 


TxE mild treatment by which the dithio-group is formed from 
thiols seemed to offer favourable conditions for comparing the 
behaviour of the 4 : 4’-, 3 : 3’-, and 2 : 2’-dithioldiphenyls and their 
capacity to form cyclic disulphides. The experiments now described 
were originally planned for this purpose and with the object of 
providing information concerning the configuration of the diphenyl 
nucleus. In the meantime the supposed existence of the ring- 
compounds of benzidine has been clearly contradicted (Le Févre 
and Turner, J., 1926, 2476) and the stereochemistry of the diphenyl 
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nucleus has been further developed on other lines. The results 
now obtained accord with the evidence collected from these sources, 
Simple ring-formation has not been observed with the 4: 4’- anj 
3: 3’-dithiols; the products obtained by the mild oxidation ¢ 
these mercaptans are insoluble materials, evidently of, high mole. 
ular weight, formed by the inclusion of more than one dithip. 
group. On the other hand, simple ring closure of the 2 : 2’-dithig, 
is readily effected, the cyclic disulphide (I) being formed by oxid. 
ation. Also the 2: 2’-disulphinic acid (IT) has not been isolated 


ma HO,S 80,H 
AB SO,S. 


nae e? 


(I.) (II.) (III.) 


owing to the ease with which it yields the cyclic thiolsulphonate (II), 
In comparison, the 4 : 4’-disulphinic acid is relatively stable. 

2 : 2’-Dithioldiphenyl was obtained by the usual methods from 
the corresponding 2: 2’-disulphonic acid, which in prelimi 
experiments was prepared from benzidine-2 : 2’-disulphonic acid 
(compare Limpricht, Annalen, 1891, 261, 327), but subsequently 
sodium 2-iodobenzenesulphonate was used as a more convenient 
source. When a boiling aqueous solution of this substance was 
treated with copper, a good yield of the desired dipheny] derivative 
was obtained. Sodiwm 4-iodotoluene-3-sulphonate behaved similarly, 
but attempts to prepare the diphenyl-4 : 4’- and -3 : 3’-disulphonates 
from sodium 4- and 3-iodobenzenesulphonates, respectively, and 
the di-o-tolyl-4 : 4’-disulphonate from sodiwm 2-iodotoluene-5-sulph- 
onate by this method were unsuccessful. 

The formation of simple ring-systems from the 2 : 2’-dithiol is 
not confined to the six-membered disulphide (I); the dithiolcarbon- 
ate (IV), the mercaptal of benzaldehyde (V), and the mercaptols of 
acetone and benzil (VI) containing the seven-membered ring being 
obtained by the usual methods. 


Qe hon dale 


ae 
‘i Yau 


(IV.) | (V.) (VI.) 


The production of the eight-membered ring (VII) from the dithiol 
and ethylene dibromide or oxalyl chloride was attempted without 
success, 

In the 1: 1’-dinaphthyl series similar ring-formation has been 
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observed. When sodium 1-iodonaphthalene-2-sulphonate in boiling 
aqueous solution was submitted to the action of copper the 

1: 1'-dinaphthyl-2 : 2’-disulphonate (VIII) was obtained, but con- 
on of the chloride of this acid directly into the dithiol by 
reduction could not be effected owing to rupture of the dinaphthyl 
goup; hence the required 1 : 1’-dinaphthylene 2 : 2’-disulphide (1X) 
yas reached through the disulphoxide which resulted from the 
sontaneous decomposition of the unstable disulphinic acid. 

When these disulphides are heated with copper their ring systems 
suffer contraction by loss of sulphur; e.g., diphenylene 2 : 2'-di- 
sulphide (I) yielded dibenzthiophen, and 1: 1’-dinaphthylene 
2:2/-disulphide (IX) gave a dinaphthathiophen which must be 
regarded as 1:1’-dinaphthylene 2:2’-sulphide. This substance 
m. p. 202°) is evidently different from that (m. p. 250°) obtained 
by Lanfry (Compt. rend., 1911, 152, 1254) from the interaction of 
sulphur and naphthalene; the constitution of the latter therefore 
remains uncertain. 


) 5 \SO,H He-§ §-GHI ¢ 7, ft 


eo: C10 C So, H, 
| SOs CygHy—-S  S—CeHyl NI Ys 
Or) (VIIL.) (IX.) (X.) sie 


A further point of interest was encountered in an attempt to 
obtain the cyclic disulphides by removing halogen from the o-iodo- 
disulphides (e.g., X) with copper. Instead of the desired products, 
the corresponding thianthrens were isolated in good yield. Here 
the removal of iodine is evidently preceded by formation of the 
copper mercaptides (e.g., XI), which subsequently lose cuprous 
iodide; this obvious interpretation was justified by the behaviour 
of the copper derivative of 2-iodophenyl mercaptan. This method 
of synthesis of thianthrens was realised in three cases, but it appears 
to be capable of wide application. 


EXPERIMENTAL. 


Sodium 2-Iodobenzenesulphonate.—The following improvement of 
the methods recorded (e.g., Langmuir, Ber., 1895, 28, 95) for the 
preparation of this substance was used. A diazotised solution 
(500 c.c.) of aniline-o-sulphonic acid (32 g.) containing an excess of 
sulphuric acid was stirred and warmed with potassium iodide 
(2 g.). When decomposition was complete the solution was con- 
centrated by evaporation, sulphurous acid being added at intervals 
to remove liberated iodine. The sulphonic acid which finally 
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separated from the cooled liquid was converted into the sodium 
salt (yield, ca. 80%). Di-2-todophenyl disulphide, m. p. 133°, was 
obtained by usual methods (Found: C, 30-6; H, 1-7. C,.H,LS, 
requires C, 30-6; H, 1:7%). 2-Lodophenylmethylsulphone, in. p, 
109°, was obtained from the sulphinic acid, m. p. 108°, by alkaline 
methylation (Found : C, 29-8; H, 2-5. C,H,O,IS requires ©, 29.8. 
H, 2-4%). 

2-Iodotoluene-5-sulphonic Acid.—The moist diazo-compound ¢e. 
sulting from 2-aminotoluene-5-sulphonic acid (10 g.) was added to 
potassium iodide dissolved in dilute sulphuric acid. The solution 
was gradually heated until it boiled and on cooling the required 
material separated. The barium salt was sparingly soluble in cold 
water [Found in air-dried sample: H,O,3-8. (C,;H,O,IS),Ba,1}H,0 
requires H,O, 3-6%. Found in anhydrous sample: Ba, 188, 
(C,H,O0,IS),Ba requires Ba, 18-7%]. The chloride of this acid had 
m. p. 61—62° (Found: C, 26-9; H, 2:0. C,H,O,CIIS requires (, 
26-5; H, 1-9%) and the amide separated from alcohol in leaflets, 
m. p. 135°. 

4-Iodotoluene-3-sulphonic Acid.—The moist diazo-compound re. 
sulting from 4-aminotoluene-3-sulphonic acid (20 g.) was added to 
a saturated solution of potassium iodide (20 g.) in dilute sulphuric 
acid. After the usual decomposition had been effected, the 
potassium salt of the required acid separated from the cooled liquid 
(Found in air-dried sample: H,O, 5-1. C,H,O,ISK,H,O requires 
H,0, 5:1%. Found in anhydrous material: K, 11-4. C,H,O,ISK 
requires K, 11-6%). 4-Iodotoluene-3-sulphonyl chloride formed flat 
needles, m. p. 68°, from acetic acid (Found: C, 26-6; H, 149. 
C,H,O0,CIUS requires C, 26-5; H, 1-9%) and the amide had m. p. 
161—162°. 

Di-4-iodo-m-tolyl Disulphide, (CgH,MeI°S-),.—When the sulphony! 
chloride was reduced with zinc dust and mineral acid, iodine was 
removed. The disulphide was therefore prepared by reducing the 
crude sulphinic acid with hydrogen iodide in warm alcohol in 
presence of sulphurous acid. It was purified from acetone and 
had m. p. 104—105° (Found : I, 51-2; 8, 12-7. C,,H,,1,S, requires 
I, 51-0; S, 12-9%). 

1-Iodonaphthalene-2-sulphonic Acid.—A cooled solution (2:5 1.) of 
sodium nitrite (12-6 g.) and sodium 1-aminonaphthalene-2-sulphon- 
ate (44-5 g.) was mixed with 60% sulphuric acid (50 c.c.). The 
sparingly soluble diazo-compound was collected and added to 4 
cold solution of potassium iodide (40 g.) in dilute sulphuric acid; 
the mixture was then gradually heated. The required sulphonic 
acid, mixed with some alkali sulphonate, separated from the cooled 
solution (yield, about 50%). Further material obtained by evapor- 
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ating the liquors was generally very impure owing to extensive 
separation of iodine during the process. The barium salt separated 
fom hot water in needles [Found: Ba, 17-2. (C,,H,O,IS),Ba 
requires Ba, 17-1%]. 

]-lodonaphthalene-2-sulphonyl chloride, m. p. 94°, formed needles 
from acetic acid (Found: C, 33-9; H, 1-8. C,)H,O,CIIS requires 
(, 340; H, 1-7%) and was converted by alkaline sulphite into the 
sparingly soluble 1-iodonaphthalene-2-sulphinic acid, m. p. 143° 
(Found : C, 37-7; H, 2:5. C, H,O,SI requires C, 37-7; H, 2-2%). 
When a solution of the latter substance in hot alcohol was mixed 
vith sulphurous acid and a few drops of hydriodic acid, di-1-iodo- 
naphthyl disulphide rapidly separated. This substance formed 
plates, m. p. 154°, from benzene (Found: C, 42-4; H, 2-3; I, 
45; M, 575. Cy 9H,.1,8, requires C, 42-1; H, 2-1; I, 445%; 
M, 570). 


Derivatives of Diphenyl and Dinaphthyl. 


Diphenyl-2 : 2'-disulphonyl Chloride—A concentrated aqueous 
slution of sodium 2-iodobenzenesulphonate (20 g.) was boiled 
with finely divided copper (12 g.) and a small quantity of copper 
sulphate solution (1 c.c.). The progress of the removal of halogen 
was followed by the change in appearance or increase in weight of 
the copper powder; usually the process was complete in about 


2hours. The solution, after being freed from copper by hydrogen 
sulphide, was evaporated on the water-bath; the residue was 
dried at 150° and treated with phosphorus pentachloride (20 g.), 
giving the crude disulphonyl chloride (yield, about 75%). The 
purified material, m. p. 138° (Found : Cl, 20-5. Cale. : Cl, 20-2%), 
was identified with a sample prepared by the method of Limpricht 
(loc. cit.) from benzidine-2 : 2’-disulphonic acid. The dianilide, 
m. p. 186°, was obtained by heating the chloride with excess of 
aniline (Found: N, 6-2. Calc.: N, 6-0%). 

Diphenylene 2 : 2’-Disulphide (I1).—The crude diphenyldisulphonyl 
chloride contained a small quantity of the iodobenzenesulphonyl 
chloride, but since this impurity was easily removed during con- 
version into the thiol further purification of the chloride was not 
necessary. In the reduction of this dichloride the use of tin was 
avoided because of the formation of a very stable tin derivative of 
the dithiol; zine dust and hydrochloric acid gave the best results, 
the procedure being that used by Zincke (Ber., 1909, 42, 3367). 
The required product was isolated by treating the reduction liquor 
with a current of steam, in which the dithiol was moderately 
volatile; any 2-iodophenyl mercaptan present was rapidly removed 
with the alcohol in the first portion of the distillate. The yields 
(0—60°%) varied somewhat according to the amount under treat- 
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ment. In this way, 2 : 2’-dithioldiphenyl was obtained in need) 
of agreeable odour and m. p. 78—79° (Found: C, 66-0; H, 49. 
S, 29-7. C©,,H,)S, requires C, 66-1; H, 4-6; S, 29-4%). Methyl. 
ation in alkaline media yielded 2 : 2’-dimethylthioldipheny] (m, p. 
155°), which had been previously obtained by Brand (J. pr. Chem, 
1924, 107, 358) from 2-iodophenyl methyl sulphide and copper. 

2 : 2’-Dicarboxymethylthioldiphenyl, (CO,H-CH,°S-:C,H,"),, was ob. 
tained from the thiol and sodium chloroacetate in alkaline media, 
It separated from alcohol and water in plates, m. p. 201—20% 
(Found: C, 57-5; H, 4-3. C,gH,,0,8, requires C, 57-5; H, 42%), 

When a solution of the dithiol in warm alcohol was mixed with 
an excess of alcoholic ferric chloride diphenylene 2 : 2’-disulphide 
immediately separated in almost theoretical yield. It formed 
yellow needles, m. p. 113°, from hot acetic acid (Found : C, 66-4; 
H, 3-8; S, 29-1; M, 208. C,.H,S, requires C, 66-6; H, 3:7; §, 
29-69%; M, 216). When this substance was kept for 2 hours at 
250° in presence of finely divided copper, dibenzthiophen was 
formed. This was extracted from the reaction mixture with hot 
alcohol, purified, and identified with an authentic sample in the 
usual manner. 

Diphenylene 2 : 2’-Disulphoxide (II1).—(a) When a warm solution 
of diphenylene 2 : 2’-disulphide (1 g.) in acetic acid (50 c.c.) was 
slowly mixed with nitric acid (10 c.c.), oxidation took place and the 
required disulphoxide later separated in the crystalline state. 
(6) The solution obtained from the interaction of the disulphonyl 
chloride and hot aqueous alkaline sulphite was mixed with excess 
of dilute mineral acid. The sulphinic acid which separated changed 
spontaneously in the course of a few minutes to the cyclic disulph- 
oxide (III). This crystallised from hot alcohol in needles, m. p. 
128° (Found: C, 57-9; H, 3-7; M, 237. C,.H,0,8, requires (, 
58-1; H, 3-2%; M, 248), and yielded the disulphide when reduced 
with hydriodic acid in warm acetic acid. 

Diphenylene 2: 2'-Dithiolcarbonate (IV).—A toluene solution of 
carbonyl chloride was gradually added to a stirred alkaline solution 
of the dithiol until the latter was removed from the aqueous portion 
of the mixture. Evaporation of the toluene yielded the product 
which, after crystallising from alcohol (charcoal), had m. p. 101:5° 
(Found: C, 63-8; H, 3-4; M, 235. C,g3H,OS, requires C, 63:9; 
H, 3-2%; M, 244). 

The diphenyl-2 : 2’-mercaptals and -mercaptols were prepared 
from the dithiol and the requisite aldehyde or ketone in alcohol 
with the aid of hydrogen chloride. Separation of the required 
products was usually complete in about 12 hours (yields, 70—90%). 
In this way were obtained the diphenylene-2 : 2’-mercaptal of bent- 
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aldehyde (V), m. p. 105—106° (Found: C, 74:2; H, 4-7; 8, 20-8; 
M, 305. CygH,,S, requires C, 74-5; H, 4-6; 8, 20-99%; M, 306), 
the diphenylene-2 : 2’-mercaptol of acetone (VI), m. p. 95° (Found : 
(, 69:5; H, 5-8; M, 277. C,;H,,8, requires C, 69-7; H, 5-4%; 
M, 258), and the diphenylene-2 : 2’-mercaptol of benzil (V1), m. p. 
198° (Found: C, 75:8; H, 46. C,,H,,OS, requires C, 76:1; H, 

‘ 10) 

4: 4'-Dimethyldiphenyl-2 : 2’-disulphonyl Chloride—When sodium 
4iodotoluene-3-sulphonate was treated with copper and copper 
sulphate as described in the case of the 2-iodobenzenesulphonate, 
the halogen was removed. The crude product yielded the required 
sulphonyl chloride after the usual treatment. This substance 
formed needles, m. p. 117—118°, from acetic acid (Found: C, 
40; H, 3-2; M, 387. C,,H,.0,C1,S, requires C, 44:3; H, 3-2%; 
M, 379) and when it was treated with zinc and hydrochloric acid 
the ditolyl nucleus apparently suffered fission, since a 60% yield 
of m-tolyl mercaptan was isolated as the product. The latter 
substance was identified by comparing its p-nitrobenzoyl derivative 
with m-tolyl p-nitrothiolbenzoate, prepared from m-tolyl mercaptan 
and p-nitrobenzoyl chloride in quinoline, which crystallised from 
alcohol in pale yellow needles, m. p. 96° (Found: N, 5-3; M, 266. 
(4H,,0,NS requires N, 5:1%; M, 273). The conversion of the 
disulphonyl chloride into the cyclic disulphide was not further 
pursued. 

3 : 3’-Dimethylthioldiphenyl.—Benzidine-3 : 3’-disulphonic _ acid 
was converted into diphenyl-3 : 3’-disulphonyl chloride by Borsche’s 
method (Ber., 1917, 50, 827). When this material was reduced 
with zinc dust and acid, the required dithiol was obtained as a 
pale yellow, viscous liquid which was not volatile in steam and was 
not obtained sufficiently pure for analysis. It was characterised 
by conversion into the dimethylthiol, which formed needles, m. p. 
0°, from alcohol (Found: C, 67-7; H, 5:8. C,,H,,S, requires C, 
682; H, 5-7%). The usual oxidising agents converted the dithiol 
into an amorphous material which was insoluble in organic solvents. 

4: 4’.Dichlorodiphenyl-3 : 3'-disulphonyl Chloride —Replacement 
of the amino-groups in benzidine-3 : 3’-disulphonic acid was effected 
in the usual manner. After hydrochloric acid and copper had 
been removed from the solution of the chloro-acid, the solvent was 
temoved and the residue was treated with phosphorus pentachloride. 
The crude sulphonyl chloride was purified from acetone and sub- 
sequently from acetic acid; it then melted at 179° (Found: Cl, 
34. C,.H,0,Cl,8, requires Cl, 33-8%). The dithiol obtained by 
the usual methods was a liquid and was characterised by conversion 
into 4: 4'-dichloro-3 : 3'-dimethylthioldiphenyl, which crystallised 
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from alcohol in needles, m. p. 130° (Found : C, 53-8; H, 4-7; y 
308. C,,H,.Cl,S, requires C, 53-3; H, 3-8%; M,315). Treatment 
of the dithiol with ferric chloride or hydrogen peroxide gave a 
amorphous intractable material which was insoluble in organic 
solvents. 

Diphenyl-4 : 4’-disulphinic acid was obtained (60% yield) by 
reduction of the 4: 4’-disulphonyl chloride with boiling alkaline 
sulphite ; it separated from hot water in needles, m. p. 143° (decomp) 
(Found: C, 50-7; H, 3-8. C,,.H90,S, requires C, 51-0; H, 3-5%), 
In presence of mineral acid the substance was slowly converted 
into an amorphous material, presumably a disulphoxide of high 
molecular weight, which was insoluble in fused naphthalene o 
diphenyl. 4: 4’-Dithioldiphenyl was prepared from the correspond. 
ing disulphonyl chloride; the formation of an amorphous insoluble 
material by oxidation of this according to Zincke (Ber., 1912, 4, 
3466) was confirmed. 

1 : 1’-Dinaphthyl-2 : 2'-disulphonie Acid (VIIL).—The potassium 
salt of this acid was obtained by the action of copper powder ona 
boiling aqueous solution of potassium 1-iodonaphthalene-2-sulphon. 
ate in presence of a little copper sulphate. It separated from water 
in nacreous leaflets (Found: K, 15-5. C, 9H,,0,S,K, requires K, 
15-9%). The corresponding disulphony] chloride was purified from 
acetic acid and had m. p. 202—203° (Found: C, 53-1; H, 27; 
Cl, 15:7%; M, 452. C,,H,,0,Cl,S, requires C, 53-2; H, 2-6; (, 
15-7; M, 451). Reduction of this chloride with zinc dust and 
hydrochloric acid in the usual manner yielded 2-naphthy] mercaptan, 
which was identified as disulphide. 

1: 1'-Dinaphthylene 2 : 2'-Disulphide (IX).—The chioride slowly 
dissolved in hot alkaline sulphite, but when this solution was 
acidified a colourless material separated which was insoluble in 
dilute alkali. This, by analogy with the diphenyl derivative, was 
the disulphoxide; it was not further investigated, but was sub: 
mitted to the action of hydriodic acid in warm acetic acid. The 
required cyclic disulphide was then obtained in bright yellow 
needles, m. p. 214°, which were purified from hot acetic acid 
(Found: C, 75:2; H, 40; M, 307. C,9H,.S, requires C, 75%; 
H, 38%; M, 316). When this substance (0-5 g.) was kept at 250 
for an hour with finely divided copper (0-15 g.) the sulphide of the 
metal was formed; from the product, hot benzene extracted 
1: 1'-dinaphthylene 2: 2'-sulphide, which, on purification, formel 
leaflets, m. p. 202° (Found: C, 84-4; 8, 10-7. C,,H,,8 requires 
C, 84-5; 8, 11-2%). 

Thianthren derivatives were prepared from o-iodo-disulphides 
by the action of copper powder as in the following typical exper 
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ment. A mixture of di-o-iodophenyl disulphide (13 g.) and finely 
divided copper (8 g.) was heated at about 180° for } hour and the 
mass was cooled and extracted with chloroform; the crude material 
(yield, about 60%) was purified and then identified with an authentic 
sample of thianthren. In this way di-4-iodotolyl 3-disulphide 
yielded 2 : 6-dimethylthianthren (Fries and Volk, Ber., 1909, 42, 
175), identified as the disulphone, and di-l-iodonaphthyl 2-di- 
sulphide gave dinaphthathianthren (Fries and Volk, loc. cit.). 


In conclusion, we desire to thank Dr. Child for a supply of iodo- 
naphthyl sulphide and Mr. Wright for data concerning iodophenyl 
mercaptan. We also wish to thank the Department of Scientific 
and Industrial Research for a grant which has enabled one of us 
to take part in these experiments. 
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(XLVI.—The Photodecomposition of Triphenylmethyl. 
By SypNEY THomas BowDEN and WiL1L1Am JAcoB JONES. 


Te decolorisation of the free radical triphenylmethyl in direct 
sunlight was discovered by Gomberg and Cone (Ber., 1904, 37, 
3545), who obtained as products of the reaction in benzene solution 
triphenylmethane, an oil, and at least two different solid sub- 
stances. According to these investigators, photochemical decom- 
position in carbon tetrachloride solution proceeds much more 
rapidly than in benzene and takes a different course, an oil and a 
mixture of crystalline substances, but no triphenylmethane, being 
formed. They state that in diffused light solutions of triphenyl- 
methyl suffer only traces of decomposition, even after being kept 
for longer than a year. 

Schmidlin and Garcia-Banis (Ber., 1912, 45, 1344) observed 
rapid and complete decolorisation of benzene solutions of the free 
radical even in diffused daylight, but only when the solution was 
optically pure and prepared in the cold by the action of molecular 
ilver on triphenylchloromethane. The application of heat and 
the use of less noble metals gave yellow impurities, which were 
nore stable in the light and masked the decolorisation of the free- 
ndical solutions. It was in this manner that Schmidlin and 
(arcia-Bantis explained the contradiction between their observ- 
tions and those of Gomberg and Cone; moreover, they showed 
that, under the action of light, triphenylmethy] in benzene solution 
decomposed quantitatively into triphenylmethane and diphenyl- 
bisdiphenylene-ethane. 
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The present investigation was undertaken (a) to ascertain 
whether ultra-violet light is active in effecting autoxidation and 
reduction of triphenylmethyl, (6) to determine the effective region 
of the visible spectrum in causing photodecomposition, and (¢) to 
examine the behaviour of the free radical in various solvents. 

We have found that in ultra-violet light triphenylmethyl dog 
not undergo appreciable autoxidation and reduction, either in the 
solid state or in solution in benzene. Furthermore, an irradiated 
system in which triphenylmethy]l is being prepared by the agitation 
of mercury with a benzene solution of triphenylchloromethan 
gives the same characteristic yellow solution as a similar system 
which is not irradiated. We find also, in accordance with the 
results of Schmidlin and Garcia-Bants, that solutions of tripheny)- 
methyl are completely decolorised even in diffused daylight, and 
deposit crystals of diphenylbisdiphenylene-ethane. The decolor. 
isation is observed to be complete even when mercury is employed 
in the preparation of the free radical. Moreover, a benzene solution 
of triphenylmethyl, prepared directly by agitating together pur 
mercury, benzene, and triphenylchloromethane (without previous 
isolation of the solid free radical), is similarly completely decolor. 
ised on exposure to sunlight. It would appear, therefore, that the 
cause of the contradiction between the observations of Gombey 
and Cone and those of Schmidlin and Garcia-Banis is to be referred 
to the different intensities of light to which their respective prepar- 
ations were exposed. In this connexion it is evident that the rate 
of photodecomposition in diffused light is considerably less than 
that which obtains in direct sunlight, for in diffused light of low 
intensity, solutions of triphenylmethyl may be kept for several 
months without giving perceptible indication of loss in colour. 

It has been ascertained that the region of the visible spectrum 
which is most active in effecting the photodecomposition is the 
green-blue, viz., 5300—4000 A.U. It is in this region that tr- 
phenylmethyl exhibits strongest absorption (Meyer and Wieland, 
Ber., 1911, 44, 2557), so that, in this case, it is the region of greatest 
absorption which is the most photochemically active. In yellov 
light triphenylmethy] does not undergo autoxidation and reduction. 
In this connexion it may be mentioned that Luther and Plotnikol 
(Z. physikal. Chem., 1908, 64, 524) showed that in the oxidation 
of hydriodic acid by oxygen, the blue region of the spectrum i 
most active, and that the ultra-violet rays are comparatively 
ineffective. 

The exposure of 2°% triphenylmethyl solutions to direct sul 
light (in April) results in their complete decolorisation in about 
3 hours, and in the subsequent deposition of crystals of dipheny! 
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hisdiphenylene-ethane. Very frequently deposition of the latter 
cempound occurs before the solution is completely decolorised. 
When the solution of the free radical is agitated during exposure, 
iecolorisation naturally proceeds more rapidly, owing to the fact 
that fresh layers of the solution are exposed to the light. The 
presence of triphenylmethyl peroxide or triphenylchloromethane 
«uses no change either in the course or in the products of the 
reaction. 

Schmidlin and Garcia-Baniis (loc. cit.) regard the easily dissoci- 
ated hexaphenylethane as being oxidised by the triphenylmethyl 
to the difficultly dissociated diphenylbisdiphenylene-ethane, and 
frmulate the photochemical change as follows : 


On the basis that the valences of the atoms in the triphenyl- 
methyl complex possess different polarities, Fry (Z. physikal. 


Chem., 1915, 90, 458) has given a specific interpretation of this 
reaction in terms of the electronic conception of positive and 
negative valences. 

The chemical and physical properties of solutions of hexapheny!l- 
ethane are most readily explained on the Gomberg theory, which 
postulates the dissociation and isomerisation of the fully saturated 
hydrocarbon. In view of this, it becomes of interest to inquire 
into the reaction mechanism of the photodecomposition. In 
benzene at the temperature of the irradiation experiments, the 
degree of dissociation of the hexa-arylethane, and consequently, 
the amount of unimolecular form present, is of low order. How- 
ever, the extreme mobility of equilibration is shown by the marked 
reactivity of the solutions, for under ordinary conditions the main 
constituent of the solution is the bimolecular form. Inasmuch 
a it is improbable that irradiation of the system will influence 
materially the degree of dissociation of the bimolecular form, it 
would appear that the photochemical reaction is to be regarded 
a occurring in the first place between the products of thermal 
dissociation. Furthermore, in view of the fact that the photo- 
chemical change involving the unimolecular forms proceeds con- 
siderably more slowly than the equilibration of the system, it 
follows that the former reaction will determine the measured rate 
of photodecomposition. One of the final products of the reaction, 


BOWDEN AND JONES: 


viz., diphenylbisdiphenylene-ethane, is likewise slightly dissociate 
in solution. On the assumption that the first product of photo. 
chemical change is phenyldiphenylenemethyl, which subsequently 
undergoes association to the corresponding bimolecular form, the 
complete scheme for the photochemical autoxidation and reductioy 
of hexaphenylethane solutions may be represented as follows: 


odin ft Pon 
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Thermal, 4 Thermal, 
reversible (rapid) | reversible 


l Ph 
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irreversible (slow) 


For simplicity of representation, no distinction is made in the 
above scheme between the benzenoid and the quinonoid forms, 
but on the assumption that both forms are photosensitive to a 
particular range of frequencies it is extremely improbable that 
they will be photosensitive to the same degree. Under these con. 
ditions, the irradiation of a system containing hexaphenyletha 
effects the photochemical transformation of one or both types of 
radicals into phenyldiphenylenemethyl and triphenylmethane. 4s 
a result, simultaneous dissociation of the bimolecular hexapheny 
ethane and association of phenyldiphenylenemethyl to diphenylbis. 
diphenylene-ethane occurs, so that complete transformation of the 
first into the last two is ultimately realised. Inasmuch as ther 
are present two types of “odd” molecules, viz., triphenylmethyl 
and phenyldiphenylenemethyl, the possibility of inter-association 
of these two radicals to give the mixed bimolecular fom, 


CPhy-CPh< ne has to be considered. Since the final products of 


6-44 
the reaction are diphenylbisdiphenylene-ethane and_triphenyl- 
methane, it follows that the mixed form does not have a stable 
existence under the conditions of the experiment. 

The nature of the solvent is found to exert a marked influence 
on the rate of decolorisation. In the case of non-ionising solvents 
we find that photochemical change proceeds in all such solvents 
investigated. On exposing 2% solutions of triphenylmethyl in 
benzene, toluene, m-xylene, mesitylene, and hexane to direct sul- 
light, decolorisation is observed to be most rapid in hexane. The 
decolorisation proceeds rapidly in mesitylene also, whereas it 
m-xylene and in toluene the rate of loss in colour is slower, but 
still more rapid than in benzene. 

The photochemical behaviour of triphenylmethyl in a com: 
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paratively weakly ionising solvent, such as liquid sulphur dioxide, 
isentirely different from that in the ordinary non-ionising solvents. 
When solutions of triphenylmethyl! in sulphur dioxide are exposed 
to light, no indication of photochemical autoxidation is observed. 
There is no loss in colour after several hours’ exposure to sunlight. 
Furthermore, on exposure to light there is no appreciable change 
in the conductivity of the solution. This points to the fact that 
the state of triphenylmethy] in a dissociating solvent is essentially 
of different character from that existing in non-ionising media. 

Although hexaphenylethane in non-ionising solvents exhibits no 
appreciable conductivity, it has been shown by Walden (Z. physikal. 
Chem., 1903, 43, 385) and by Gomberg and Cone (Ber., 1904, 37, 
2043) to behave as an electrolyte in liquid sulphur dioxide. More- 
over, the absorption spectrum of triphenylmethyl in non-ionising 
solvents is different from that in liquid sulphur dioxide (Meyer and 
Wieland, Ber., 1911, 44, 2557). The several theories which have 
been advanced to explain the conductance of triphenylmethyl in 
sulphur dioxide can also be applied in a general way to account 
for the photochemical inactivity of the compound in this solvent. 
At the present time none of these theories is entirely satisfactory. 
(Consideration of the stability of the possible molecular complexes 
formed between triphenylmethyl and the solvent leads to the con- 
dusion that the photochemical behaviour cannot be materially 
influenced in this connexion. In the case of sulphur dioxide 
solutions, if we assume a direct solvation of hexaphenylethane, it 
is probable that such a solvate would not differ greatly in photo- 
chemical behaviour from that of the addition complexes present 
in the ordinary organic solvents. The complete inhibition of the 
reaction must be due to the absence of the triphenylmethy]l radical 
in equilibrium with hexaphenylethane. In any case, the photo- 
chemical behaviour of the free radical is shown to be entirely different 
from that of the triphenylmethyl ion, whether the latter be solvated 
or otherwise. 

Even in the solid state, hexaphenylethane gives indications of 
being photosensitive. Although no change in melting point is 
observed when the substance is exposed to direct sunlight for 
several days, a slight loss in colour occurs. It is probable, how- 
ever, that this is due to the presence of slight traces of adsorbed 
solvent. 

EXPERIMENTAL. 

Preparation of T'riphenylmethyl.—Preliminary experiments carried 
out to ascertain the most suitable method of preparing triphenyl- 
methyl showed that the method of Schlenk, Weickel, and Herzen- 
stein (Annalen, 1909, 372, 2) was unsuitable, owing to the relatively 
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high temperature required for the complete reduction of triphenyl 
chloromethane by means of copper. The method of Schmidliz 
(Ber., 1908, 41, 423), which depends upon the interaction of magne. 
ium triphenylmethyl chloride with triphenylchloromethane, wa 
found to be far more convenient, but gave a product of uncertain 
purity owing to contamination with magnesium compounds. The 
method of Gomberg (J. Amer. Chem. Soc., 1917, 39, 1652; Chemical 
Reviews, 1924, 1, 99) proved essentially suitable, but, owing to the 
possible sensitivity of the photochemical reaction under study t 
the presence of small amounts of impurities, we made the following 
modifications: (a) The reduction of the triphenylchloromethan 
to triphenylmethyl was effected in an all-glass vessel, from which 
the transfer of the solution to the concentrating apparatus took 
place out of contact with air; (b) the solution was filtered prior to 
concentration; (c) the removal of adherent solvent in the later 
stage of the preparation was carried out by the use of a heating 
bath of methyl alcohol vapour. Contact of the free radical solution 
with the stopcocks of the concentrating apparatus was minimised 
by a suitable device, and intrusion of air into the apparatus 
during the process of concentration under reduced pressure was 
effectively prevented by surrounding the top and bottom of the 
stopcocks with large rubber caps maintained inflated with carbon 
dioxide. 

The carbon dioxide, which provided the inert atmosphere in all 
the experiments, was rigorously purified, and freed from traces 
of admixed oxygen by preliminary passage through a solution of 
triphenylmethy]l in benzene. The calcium chloride used for drying 
the gas was recrystallised in an atmosphere of carbon dioxide, and | 
then dehydrated in a stream of the same gas in order to effect 
complete removal of occluded oxygen. The acetone employed for 
crystallising the free radical was prepared in the pure state by the 
decomposition of its compound with sodium iodide (Shipsey and 
Werner, J., 1913, 103, 1255), followed by dehydration and fraction- 
ation. 

The solid free radical was deprived of traces of solvent in an 
apparatus designed to prevent undue local heating of the sub- 
stance, and consisting of a long tube, closed at both ends with 
rubber stoppers, through which passed short exit tubes provided 
with stopcocks; one end of the tube was connected to the carbon 
dioxide generator, and the other to a suction pump and manom- 
eter. The long tube was surrounded by a jacket through which 
the vapour of boiling methyl alcohol was circulated. In this 
manner, the substance, contained in a porcelain boat placed in the 
inner long tube, was subjected to a process of solvent removal 
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mder reduced pressure in a slow stream of carbon dioxide at a 
temperature slightly below the boiling point of methyl alcohol. 

Irradiation Experiments with Ulira-violet Light.—For the investig- 
ation of the action of ultra-violet light on triphenylmethyl in the 
wlid state, the material was contained in a small quartz vessel, 
ad exposed for 5 hours to ultra-violet light from a carbon are 
lamp provided with a quartz window: it presented no change in 
appearance or in melting point after the exposure. 

Irradiation of the triphenylmethyl] solutions was carried out in 
gecially constructed quartz tubes. The apparatus employed for 
fling the tubes with solution enabled the operation to be con- 
ducted in the entire absence of air. In view of the extremely 
reactive nature of the radical, it was considered important to avoid 
contact of the solution with any contaminating surface during the 
exposure, and accordingly the quartz tubes were sealed off under 
reduced pressure in the oxy-coal-gas flame. The tubes, which 
hd an approximately elliptical cross-section of long major axis, 
were closed at the bottom and provided with long, narrow 
constrictions. The sealing of the tubes was effected at a point 
sufficiently distant from the liquid surface to prevent undue heating 
of the solution. This precaution is necessary since triphenylmethyl 
solutions decompose on excessive heating (Wieland, Annalen, 1911, 
381, 200). Care was taken to remove the film of triphenylmethyl 
solution adhering to the constriction by washing it down several 
times with pure solvent prior to sealing, and the possibility of 
contamination of the solution with traces of the thermal-decom- 
position products of triphenylmethyl was thus avoided. The tubes 
were exposed with both their longitudinal axes and their longer 
cross-sectional axes at right angles to the direction of the ultra- 
Viet radiation from a Cooper—Hewitt mercury lamp of fused 
quartz. The irradiation chamber in which the tubes were placed 
was cooled by currents of cold air, so that its temperature did not 
exceed 19°. After 60 hours’ intermittent exposure to the ultra- 
Violet radiation, the solution presented no change in appearance, 
and no perceptible decrease in the intensity of the characteristic 
yellow colour was observed on comparison with a control solution 
of the same concentration which had not been irradiated. A solu- 
tion of triphenylmethyl containing, in the first instance, traces of 
oxygen likewise showed no loss in colour on exposure to ultra-violet 
light for 15 hours. 

ih order to ascertain whether autoxidation and reduction of 
ttiphenylmethy]l in ultra-violet light took place during its formation 
from triphenylchloromethane, a 6%, solution of the aryl chloride 
in benzene was introduced into a quartz tube of the form already 
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described; excess of pure air-free mercury was added, and the 
tube sealed. A control solution of the same concentration, togethey 
with the same amount of mercury, was also prepared and suitably 
protected from ultra-violet light. Both tubes were attached to g 
shaking machine, which effected gentle agitation of the contents 
whilst the arrangement was exposed to ultra-violet light from the 
mercury lamp. As agitation proceeded, a slight yellow colow 
appeared, together with a small amount of mercurous chloride; 
further agitation produced a continuous deepening in colour. The 
yellow colour so obtained was identical with that produced in the 
case of the solution which had been protected from ultra-violet 
light. Furthermore, on removing the solutions from the tubes 
and allowing them to stand in the air for a short time, impure 
triphenylmethyl peroxide, m. p. 179°, was obtained. 

The progressive generation of the characteristic yellow colour 
of triphenylmethyl under the above conditions affords additional 
confirmation of the observations made upon the speciaily prepared 
solutions of the radical. In neither case is decolorisation of the 
solution evident, and there is no formation of diphenylbisdiphenyl- 
ene-ethane. However, a solution of triphenylmethyl of the same 
concentration in benzene, and prepared from the same sample of 
the radical, when exposed to direct sunlight gave full decolorisation 
in less than 3 hours, together with a quantitative yield of white 
crystals of diphenylbisdiphenylene-ethane. 

It is to be concluded, therefore, that autoxidation and reduction 
of triphenylmethyl is not produced by ultra-violet radiation, and 
the actinic power of these rays for this particular photochemical 
reaction is of low order. 

The Chemical Effect of the Visible Spectrum.—An experiment, in 
which the illumination was provided by 60-c.p. electric lamp 
in conjunction with Wratten filters of known wave-length trams 
mission, was not successful, and after a period of 4 weeks the change 
in colour of triphenylmethyl solutions thus illuminated was imper- 
ceptible. Furthermore, the change in colour produced in dilute 
benzene solutions of triphenylmethyl during 4 weeks’ direct exposure 
to light from the above source was extremely slight, so that the 
free radical can be prepared with perfect safety in a room illuminated 
by ordinary filament electric lamps. 

By employing solutions of dyes as light filters, conclusive results 
were obtained in direct sunlight, and the region of the visible 
spectrum which produced photodecomposition of triphenylmethy! 
was in this manner definitely established. The following solutious 
of water-soluble dyes were employed: Tartrazine (1 in 1,00), 
Congo-red (1 in 28,000), naphthol-green (1 in 6,000), methylene- 


solutic 
syste 
indicat 
blue, 
under 
under 
light, 
loss in 
The 
spectr' 
triphe: 


adopt 
specia 
soluti 

The 
phosp 


THE PHOTODECOMPOSITION OF TRIPHENYLMETHYL. 1157 


blue (1 in 60,000), and ecrystal-violet (1 in 105,000). Tubes con- 
taining identical solutions of triphenylmethyl were symmetrically 
immersed in larger concentric tubes containing the respective dye 
solutions, and provision was made for the equal illumination of the 
systems. Exposure of the tubes to direct sunlight for 20 minutes 
indicated that decolorisation occurred most rapidly under green, 
blue, and violet light. Complete decolorisation first took place 
uder blue illumination, whereas the solution of triphenylmethyl 
under red illumination was only slightly decolorised. Under yellow 
light, the free-radical solutions showed only slight indications of 
loss in colour even after several hours’ exposure. 

These observations indicate that the blue-green region of the 

ttum is most active in effecting the photodecomposition of 
triphenylmethyl in benzene solution. 

The Effect of the Solvent—The nature of the solvent was found 
to exert a pronounced influence on the course of the photochemical 
reaction. As representative of non-ionising solvents we employed 
benzene, toluene, m-xylene, mesitylene, and hexane. All the 
solvents were carefully purified, and subjected to a final fractionation 
immediately before use. 

2% Solutions of triphenylmethyl in each of the above solvents 
were introduced into the specially prepared tubes, the operations 
being conducted in the entire absence of air by means of the appar- 
atus previously described. The sealed tubes were exposed at the 
same temperature to direct sunlight, and the respective rates of 
decolorisation observed by comparison with control tubes kept in 
the dark. Striking differences in the rates were shown by the 
different solutions. In toluene, decolorisation was more rapid 
than in benzene, in mesitylene and m-xylene solutions it was even 
faster, and in hexane most rapid of all. 

Similar results were obtained when the above experiments were 
repeated in diffused light. 

Sulphur dioxide solutions. The investigation of the behaviour 
of triphenylmethyl in an ionising medium naturally resolves itself 
into a study of the triphenylmethy! ions, either free or solvated, 
as distinct from that of the uncharged forms which exist in the 
usual non-ionising organic solvents. For our immediate purposes, 
sulphur dioxide appeared to be the most suitable ionising solvent. 
The experimental procedure differed in minor details from that 
adopted in the case of the preceding organic solvents, inasmuch as 
special provision had to be made for the preparation of standard 
solutions of triphenylmethy] in a low-boiling solvent of this nature. 

The gas was dried by passage through a long tube containing 
phosphoric oxide, and was then led to the experimental tube 

QQ 
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immersed in a freezing mixture preserved in a Dewar flask. Ty, 
tube, provided with a long constriction, was previously charge 
with a known weight of triphenylmethyl, and after the condensatig 
of the required volume of sulphur dioxide, the tube was sealed y 
the constriction by means of a blowpipe flame. 0-5% and 1% Soly 
tions were prepared in this manner, and each solution was e 

to direct sunlight and its behaviour compared with that of a benzen 
solution of the same concentration. Although the benzene solutig, 
underwent rapid decolorisation in the manner previously described, 
no perceptible loss in colour took place in the case of the sulphw 
dioxide solutions. 

In view of. the fact that these colorimetric experiments gave no 
indication of photochemical autoxidation, further experiments wer 
carried out in which the solution was exposed to sunlight in a 
electrolytic conductivity vessel consisting of a long tube provided 
with two platinum electrodes. The cell was charged with a solution 
of triphenylmethyl in accordance with the procedure previously 
indicated, and then sealed. The conductances of the solution 
determined at 18-5° in the dark and in sunlight showed no appreciable 
difference. 

Action of Light on “ Solid Triphenylmethyl.”—The action o 
direct sunlight on so-called solid triphenylmethyl was investigated 
by sealing the finely-powdered material in thin-walled capillary 
tubes in an atmosphere of carbon dioxide. When exposed to sunlight 
for several days, the substance was found to be very slightly pale 
in colour, although the melting point was unchanged in con. 
parison with samples of the same material which had throughout 
been protected from light. Further experiments carried out with 
the substance contained in tubes which were highly evacuated 
before sealing gave similar results. 

The photochemical change in the solid state is thus of low order 
and is probably due to the presence of a small amount of adsorbed 
solvent, since it is difficult to remove entirely the last traces 
solvent even by maintaining the substance at 66° under a pressure 
of 15 mm. 


In conclusion, we desire to express our thanks to the Research 
Fund Committee of the Chemical Society for a grant which partly 
defrayed the cost of this investigation. 
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(XLVII.—A Method for the Photographic Examination 
of Moving Flames. 


By A. GREVILLE WHITE. 


Taz method generally used for investigating flame movements is 
that of photographing the flame on a sensitised plate or film moving 
at a known speed at right angles to the direction of motion of the 
fame. During an examination of flame movements in tubes 2-5 
em. in diameter, it was found that direct photography of the flame 
in certain mixtures gave poor results, even when the lens used and 
the tube containing the gas mixture were both of clear quartz. 

The same mixtures gave satisfactory records by the use of a 
method depending on the fact that the progress of a flame causes 
an abrupt change in the optical properties of the medium through 
which it passes. Light passing through the seat of the disturbance 
is refracted, so that if a beam passes through the tube containing 
the gas mixture and falls on a photographic plate moving at right 
augles to the direction of motion of the flame, the progress of the 
latter is indicated on the plate by two lines of similar form, one 
light and one dark. These lines are close together, and once the 
velocity of the plate is known, the angle between the lines on the 
plate and the direction of its motion gives an accurate measure 
of the velocity of the flame at any selected portion of the tube. 

The apparatus actually used is shown in Fig. 1. The source of 
illumination was a 500-c.p. Pointolite lamp, and it was found best 
to use no lens between this lamp and the tube containing the gas 
nixture. Approximate parallelism of the light passing through 
the tube was ensured by keeping the lamp at a distance of 2 m. 
fom it. Only the light passing through the central zone of the 
tube was utilised, as the portion of the latter opposite the camera 
was enclosed in a copper sleeve having cut in it two narrow longi- 
tudinal slits opposite one another. One of these slits was divided 
into 5 cm. lengths by spacing bars, which gave a length scale on 
the photographic plate. The time scale was supplied by an electro- 
nagnetic light interruptor controlled by a tuning fork and marking 
intervals of 1/100 sec. on the plate. The falling-plate camera 
utilised for most of the work was provided with a long cylindrical 
lns which focussed the light passing through the slits in the tube 
into a narrow band. 

For the work with comparatively slowly moving flames, for 
vhich it was designed, this method has three advantages over the 
uethod of direct photography: (1) It gives better definition of 
the flame front, especially when it is remembered that the plates 
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taken show a magnification of about 1-05. (2) It gives betty 
resolution. By its very nature the method shows up phenomena thy; 
would be almost, if not quite, hidden in an ordinary photograp), 
This is well brought out by Figs. 5,6, and 7. (3) It is independent 
of the luminosity of the flame. It is thus possible to examin 
hydrogen-air mixtures near the limits for the propagation og 


Fig. 1. 
Apparatus for the examination of moving flames. 
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flame, whereas direct photography gives very poor results for 
mixtures containing less than 20% or more than 50% of hydrogen. 

Against it there could be brought one minor objection. It wa 
necessary to synchronise the fall of the plate and the passage of 
the flame past the camera window. For the flames examined by 
the author this was easily done by hand. For much faster flames 
it might be necessary to ignite the flame electrically by means of 
contact closed by the falling-plate holder. 
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Figs. 2 to 7 show records obtained when a quiescent gas mixture 
yas ignited by a gas flame at the open end of a horizontal, smooth, 
cylindrical glass tube 2-5 cm. in diameter, closed at the other end. 
Under these conditions, the flame generally moves at a substantially 
mniform speed for a certain distance, after which the motion becomes 
vibratory. Figs. 3 and 4 were given by mixtures in a tube 1-5 m. 
lng; for the remainder a tube 2-98 m. long was used. All the 
fames are shown moving from the right to the left of the reader. 

Fig. 2 shows a type of record frequently obtained for the first 
tage, the “uniform movement of flame.” The mixture used 
contained 2-50% of light petroleum in air. Somewhat similar 
traight-line records were given by all methane— and ethane-air 
nixtures tested at the ordinary temperature. 

Fig. 3 shows the transition from the uniform movement to the 
vibratory period very clearly. Vibrations at the frequency of the 
fundamental note of the tube increase in amplitude and suddenly 
sive place to what may perhaps be termed the beginning of the 
vibratory movement proper, when the effective forward velocity 
of the flame is seen to decrease. This coincides with the first 
division of the flame trace into two parts—probably due to the 
production of a point of inflexion in the flame front. The mixture 
wed contained 2-25% of light petroleum in air. 

Fig. 4 shows the vibratory movement in a mixture containing 
45% of acetylene in air, and Fig. 5 shows the uniform movement 
period for a mixture containing 18% of carbon disulphide in air. 
This record shows vibrations at the frequency of the fundamental 
note of the tube and illustrates the sub-division of the flame. Some 
of the flames left behind ultimately travel backwards. This record 
gave a normal value for the flame speed of this mixture. Fig. 6 
shows a record given by a mixture containing 3-0% of light petroleum 
inair, and Fig. 7 shows that for a similar mixture containing 3-5% 
of light petroleum. Both records are for the “uniform move- 
ment’ stage of burning. The first mixture occasionally gave 
lame speeds distinctly different from those normally found, and 
the second often did so at the ordinary temperature and gave quite 
eratic results when the original gas mixture was at 90°. The 
record shown in Fig. 6 is complex, and Fig. 7 shows that in this 
case we are dealing with more than one flame. 


I desire to thank Imperial Chemical Industries, Ltd., and par- 
tictlarly Mr. Rintoul, Manager of the Research Section of Messrs. 
Nobel Industries, Ltd., for facilities accorded me for carrying out 
this work. 
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CXLVIII.—On the Oxidation of n-Hexane. 
By Max Brunner and Eric Keienttey RIpEAt. 


THERE is now increasing evidence that peroxides are formed during 
combustion of saturated hydrocarbons and play an important part 
in the process of detonation. A number of views have been 
expressed as to the nature and mechanism of their formation. 
According to Griin (Ber., 1920, 53, 987) a primary energy-rich 
““moloxide”’ results from the interaction of molecular oxygen 
with a hydrocarbon so activated as to possess a nascent double 
bond in which, however, the terminal carbon atom does not take 
part. The moloxide can under certain unspecified conditions give 
rise to explosion, or it can rapidly lose energy and become con. 
verted into a normal and more stable peroxide, a modification of 
the well-known earlier views of Traube, Manchot, and Bach. 

Callendar (Engineering, 1927, 123, 147, 182, 210) considers that 
molecular oxygen reacts directly with the hydrocarbon to form 
an alkyl or dialkyl peroxide, and Bennett and Mardles (J., 1927, 
3155) likewise support the view that the primary product of inter. 
action is a peroxide. On the other hand, Bone considers that 
combustion of these compounds involves hydroxylation rather 
than peroxide formation, and Lewis (J., 1927, 1555) believes that 
the primary reaction consists of a dehydrogenation yielding an 
unsaturated hydrocarbon and hydrogen; the latter is preferentially 
burnt, but the former might form peroxides by addition. 

The autoxidation of benzaldehyde involves the primary form- 
ation of a moloxide, benzaldehyde peroxide; this in turn is con- 
verted into perbenzoic acid, which can react with benzaldehyde. 
It has been shown (Rideal, Rapport du Conseil de Chimie Solvay, 
1925, p. 586; Reiff, J. Amer. Chem. Soc., 1926, 48, 2893; Brunner, 
Helv. Chim. Acta, 1927, 10, 707) that the formation of the peroxide 
is primarily a surface action and that the subsequent reactions of 
the peroxide can continue in the homogeneous phase. The investig- 
ations of Backstrom (Medd. K. Vetenskapsakad. Nobel-Inst., 1927; 
J. Amer. Chem. Soc., 1927, 49, 1460), however, led him to the 
conclusion that the oxidation of benzaldehyde was an example of 
the chain mechanism of the type first postulated by Christiansen 
and Kramers (J. Physical Chem., 1924, 28, 145). It was suggested 
by one of us (E. K. R.) that the discrepancy between the two 
conclusions could be reconciled on the assumption that chain 
reactions only commence in these autoxidative processes when the 
peroxide concentration, produced initially at surfaces, rises to certain 
critical values. In support of this view, it was urged that, in the 


critics 
Accor 
sature 
initial 
by th 
for he 
in @ 

that f 
tempe 
what ; 
that 1 
tempe 
the C. 
presen 
of the 
Rep 
us to 

peratu 
at any 
at tha 
autoxi 


ON THE OXIDATION OF ”-HEXANE. 1163 


jitoxidation of benzaldehyde with relatively inactive or poisoned 
atalysts, a period of induction is always observed. During this 
yriod of induction the peroxide content of the solution gradually 
ses, and almost abruptly the reaction acquires an enormous 
increase in velocity. It is possible that the cause of chain form- 
ation when the peroxide concentration has risen to a critical value 
is purely thermal (the temperature coefficient is about 2-4 for a 
tise of 10°), but several arguments can be advanced in favour of 
the alternative view of a true chain of excitation by collision between 
yeroxide molecules. 

In this paper the behaviour of hexane is compared and con- 
trasted with that of benzaldehyde. Owing to the return of one of 
ws (M. B.) to Switzerland, the comparison has not been pursued in 
detail, but some of the results obtained differ so markedly from 
those of other investigators that it was thought desirable to place 
them on record. 

It seemed probable that the process of oxidation of hexane 
vould be similar to that of benzaldehyde, viz., one of autoxidation 
involving the primary formation of a moloxide by addition of 
molecular oxygen, which is probably a surface action, followed by 
aconversion of the moloxide into a peroxide which can react with 
hexane either in the gas phase or at surfaces. When, however, 
the concentration of the peroxide in the gas phase rises to certain 
citical values, this gives rise to a chain mechanism for combustion. 
According to the experiments of Callendar (loc. cit.), the normal 
saturated hydrocarbons possess characteristic temperatures of 
initial combustion (T.I.C.), the value of which is, however, affected 
by the composition of the gas mixture. Callendar finds the T.I.C. 
for hexane to be 205° in a 33% hexane-air mixture, rising to 390° 
ina 1-9°% mixture. Lewis noted similar critical temperatures, 
that for hexane being at 232°; he termed these “ critical inflexion 
temperatures ’’ (C.I.T.). He also stated that the value was some- 
that affected by the size of the vessel or the presence of platinum ; 
that rapid heating gave a less steep inflexion in the pressure— 
tmperature curves; that a large proportion of hexane lowered 
the C.I.T. as well as the T.I.C. (Callendar); and finally, that the 
presence of a small quantity of water was necessary, as in the case 
of the autoxidation of benzaldehyde (loc. cit.). 

Repetition of these experiments under various conditions led 
is to the conclusion that hexane possessed no such critical tem- 
perature, and that before a period of rapid combustion takes place 
at any temperature it is necessary to keep the hexane-air mixture 
at that temperature for a certain period of time; in fact, the 
autoxidation process of hexane is similar to that of benzaldehyde, 
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in that there is an apparent period of induction, which is capable 
of variation. During this period of induction, which is affected 
by temperature, peroxide formation, decomposition, and reaction 
with hexane likewise occur, the peroxide content rising until the 
period of rapid combustion commences. The period of induction 
is also affected by inhibitors, such as aniline, as well as by surface 
catalysts like pumice. 


EXPERIMENTAL. 
n-Hexane was purified by repeated treatment with concentrated 
sulphuric acid, 20% oleum, and caustic soda, the fraction distilling 
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from sodium at 68-99—69-06° (corr.) being employed. Oxygen 
from a cylinder was dried over phosphoric anhydride and purified 
from carbon dioxide. 

The reaction vessel (Fig. 1) consisted of a Pyrex bulb, B, con- 
nected by capillary tube, C, to the mercury manometer, L. A 
small sealed bulb, H, containing a known weight of hexane, was 
introduced and the bulb, B, was evacuated, filled with oxygen to 
the desired pressure, and sealed off at a. The small bulb, H, was 
broken by agitation, and the reaction vessel then placed in a2 
electrically heated and well-stirred oil-bath, F. The mercury level 
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in LD was maintained at a definite mark, M, in the capillary tube 
dose to its entrance to the reaction vessel. 

(Condensation of hexane in the capillary was readily prevented 
by occasional warming. The temperature of the oil-bath could be 
naintained by electrical relay to within 0-1°. At the completion 
of the reaction, the vessel B was removed from the oil-bath, cooled 
ina mixture of ice and salt, and the final pressure determined at 
a definite temperature. The reaction vessel was connected to a 
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nercury-filled gas burette, and a fraction of the gas drawn into 
the burette. ‘The gas analysis comprised determinations of oxygen, 
carbon dioxide and monoxide, and unsaturated hydrocarbons, and 
ina few cases the residual gas was analysed by combustion over 
copper oxide in a quartz capillary. Before each experiment the 
vessel B was thoroughly cleaned with hot chromic acid, washed 
with water, and dried. 

In Figs. 2 and 3 are shown the results obtained on heating hexane- 
oxygen mixtures in the manner described; the apparent C.I-T. is 
noted at 232°. With increasing proportion of oxygen there is 
likewise an increase in the total pressure after the period of rapid 
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combustion has taken place (i.e., at the apparent C.I.T.), and from 
the following table it will be seen that this increase is almost pn. 
portional to the oxygen content of the gas until the hexane content 
has fallen to 31-:7% (Fig. 3, c), where the reaction becomes explosive, 
chemiluminescence occurs, and large quantities of soot are deposited, 
Owing to the explosive nature of this reaction, the analytical figures 
are only approximate, but the quantities of unsaturated hydro. 
carbons formed (which resembled isoprene in odour) show a marked 
increase with increasing pressure. It is significant that the transition 
from the small increase of pressures observed with hexane-rich 
mixtures to the explosive mixture (ca. C,H,, + 20,) is gradual, 
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both the temperature and the initial slope of the pressure curves 
being identical (see Fig. 3, 6 and c). 


% In- Gas analysis, %. 
crease in A 
pressure Unsatur- 
ated 
hydro- 
CO,. carbons. CO. 0;. 


28-04 0-23 27-73 


° 38-04 1-13 29-76 0:36 
Explosio 7-01 3°61 26-65 25 


In Fig. 4 are shown the curves obtained on heating hexane- 
oxygen mixtures to definite temperatures and maintaining them 
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st these temperatures until the sudden pressure increase was noted. 
The experimental conditions and results were as follows : 


Final Apparent 
Hexane, temp. period of 
% by ofoil- induction 
vol. bath. (mins.). Remarks. 
50:8 232° Nil Experimental conditions as realised by 
Lewis and in the former series. 
45-7 220 7 
45-2 215 17 
46-1 210 37 Final pressure increase = 86 mm. 
43-8 210 30 Showing the influence of pressure on 
shortening the period of induction. 


43-9 210 Stopped for analysis at ¢, see curve. 


46-0 210 * 232 With 2-0 mg. of aniline; final pressure 


increase only 31 mm. 
44-0 210 76 With 0-25—0-3 mg. aniline; final pres- 
sure increase = 73 mm. 


The existence of a period of induction is clearly observed. Although 
in all cases the initial heating of the oil-bath to the desired tem- 
perature occupied some 90 minutes, the error introduced by this 
procedure must be small, since, owing to the apparently large 
temperature coefficient of the reaction shortening the period of 
induction, this period would probably be of the order of 100 
ninutes at 200°. In Curve a the induction period is telescoped into 
the period of initial combustion, as in the experiments of Lewis 
and those described in the previous section. The induction period 
isalso shortened by an increase in the total pressure of the reactants, 
¢., in experiments d and e the induction period has been reduced 
fom 37 to 30 mins., 7.e., in the ratio of 1-23 to 1, by an increase 
in the total pressure from 1230 mm. to 1450 mm. with hexane 
contents of 43-89% and 46-1%, respectively; the oxygen pressures 
thus stand in the ratio of 815 to 664 mm., i.e., 1-22 to 1. The 
rate of the reaction which governs the induction period is thus 
determined by the oxygen pressure over these ranges of pressure 
and temperature. 

This period of induction is very similar to that observed in the 
autoxidation of benzaldehyde, in that it is sensitive to temperature 
changes and greatly affected by small quantities of inhibitors 
yh). For instance, 0-25 mg. of aniline (h) produces an induction 
period of 76 mins. for the reaction at 210°, whereas in the autoxid- 
ation of benzaldehyde at 20°, 0-20 mg. of iodine produces an induction 
period of 40 mins. (Brunner, loc. cit., p. 722). With 2-0 mg. of 
auiline under the same conditions (g) the induction period is length- 
tied to 232 mins. At the end of this period the rapid reaction set 
in, but this proceeded more slowly, taking 70 mins. and giving a 
pressure increase of only 31 mm. Without any inhibitor the 
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induction period is 37 mins., the main reaction taking 21 mins, 
with a pressure increase of 86 mm. 

It seemed probable that during the period of induction the form. 
ation of a hexane moloxide, and thus of a peroxide, was taking 
place in a manner analogous to the benzaldehyde reaction. It is 
noted that during the period of induction at constant temperature 
there is always a small but definite fall in pressure, usually some 
15mm. Whilst the formation of the moloxide and of the peroxide 
would be accompanied by a fall in pressure, the possibility of the 
formation of polymerised products of unsaturated hydrocarbons, 
or of non-volatile oxidation products, renders the observation les 
significant. An analysis was accordingly carried out on a mixture 
just before the increase in pressure had commenced. At the point 
corresponding to ¢ (Curve f), the bulb was removed, cooled to (’ 
in ice, and opened under‘an acid solution of potassium iodide; 
after thorough agitation the peroxide was determined by titration 
of the liberated iodine with N/100-sodium thiosulphate. The 
original weight of hexane was 0-101 g. with an oxygen pressure of 
400 mm. at 14-3° in a bulb of 57-6 c.c.; the weight of peroxide 
obtained, calculated on the formula C,H,,0,, was 0-0032 g., or 
nearly 3-:2% of the original hexane. That this figure does not 
represent the total formation of peroxide during the period of 
induction, but that some peroxide had already reacted with hexane 
to produce oxidation products, was confirmed by another analysis 
on a 44-3°%, hexane mixture after a period of induction of 35 mins. 
at 210° (Curve k). The analysis showed 13-02% CO,, 1:23% 
unsaturated compounds, 68-1% O,, and 6-8% CO, and the gas 
also contained some 3°, of nitrogen from the original oxygen and 
a small quantity of hydrogen and hydrocarbon vapour. It is clear 
that at least 30% of the original oxygen had been consumed during 
this period of induction. At the moment of the commencement 
of the period of rapid combustion there is 0-0032 g. of peroxide 
present in the vessel, which is equivalent to a gas pressure of 141i 
mm. at 210°. Taking the molecular weight of the peroxide as 118 
and the molecular radius as 5 x 10-8 cm., we obtain for the meat 
time interval between collisions of peroxide molecules a value of 
1:10 x 10° sec., which is comparable with that obtained for 
excited molecules. Such a period is therefore in agreement with 
the conception of a chain mechanism of excitation of peroxide 
molecules. 

If the active surface in a process of autoxidation be increased, 
in the case of benzaldehyde oxidation two effects are to be observed. 
(1) Certain catalysts, such as glass powder and pumice, increas 
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iherate of peroxide formation ; these shorten the period of induction 
wd increase the rate of maximum oxygen uptake. (2) Others, 
ike charcoal, catalytically destroy the peroxide and thus decrease 
the rate of oxidation. 

With powdered pumice (1 g.) present in a 43-8°% hexane-oxygen 
mixture at 210°, Curve 7 was obtained. Even after 325 mins. 
there was no period of rapid oxidation, although a total pressure 
fll of 57 mm. was observed. At the end of this period analysis 
of the gas revealed the pressure of 57-19% CO,, 0-69% un- 
saturated compounds, 13-56% O,, and 16-3% CO. It is clear that 
embustion is taking place but at a slow rate—a phenomenon 
imilar to that observed with charcoal in the autoxidation of 
benzaldehyde. 

Furthermore, it is clear that the slow combustion differs from the 
npid in that there is not an increase but a slight decrease in pressure 
-an indication that aldehydes and acids as well as polymerised 
products are formed in quantities sufficient to nullify any increase 
in pressure caused by the interaction of the hexane peroxide with 
hexane to produce carbon dioxide and water. It seems probable 
that during this period of slow reaction a number of chemical 
ractions involving peroxide molecules are taking place, and the 
identification of small quantities of products isolated affords some 
light experimental evidence for the following : 

(l) Decomposition to aldehyde and water, followed by partial 
fwther oxidation and condensation of the aldehyde produced. 

(2) Reaction with hexane to produce unsaturated hydrocarbon 
ind water. The unsaturated hydrocarbons produced undergo 
wlymerisation or further oxidation. 

During the period of rapid combustion, the chain-excited per- 
oxide molecules react and act as centres of activation for normal 
hexane molecules, which then undergo direct combustion. The 
importance of peroxides in these secondary reactions has been 
mphasised by Egerton (Nature, 1928, 121, 10). 

The necessity for the preliminary formation of a high con- 
centration of reaction centres for the propagation of a chain 
reaction does not appear to be confined to oxidation of benzalde- 
hyde and saturated hydrocarbons, for similar conclusions can be 
iawn from the observations of Chariton and Walta (Z. Physik, 
1926, 39, 547) on the oxidation of phosphorus vapour, and from 
the numerous interactions between the alkali metals and sub- 
tances such as pentachloroethane and bromoform (Staudinger, 
J. angew. Chem., 1925, 38, 578). 
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Summary. 


The process of oxidation of n-hexane has been shown to bear g 
striking similarity to the autoxidation of benzaldehyde. The 
temperature of initial combustion has been shown not to be 
characteristic of the hydrocarbon, for rapid combustion will set in 
after a period of induction at lower temperatures. During this 
period of induction slow autoxidation proceeds together with the 
formation of peroxides. The period of induction at constant 
temperature is greatly affected by the oxygen pressure and by the 
presence of inhibitors, such as aniline, or of surface catalysts, such 
as pumice. The temperature coefficients of the reactions proceeding 
in the induction period are high. 

The suggestion is made that the reactions involve the formation 
at catalytic surfaces of an active moloxide, which is subsequently 
converted into a more stable peroxide. The peroxide can react 
either in the gas phase or at the surface, but when the peroxide 
concentration reaches a critical value, chain propagation ensues, 
causing excitation and combustion of molecules coming into contact 
with the reaction centres of the chain. 


THE LABORATORY OF PHySsICcAL CHEMISTRY, 
CAMBRIDGE. [Received, February 28th, 1928.] 


CXLIX.—The Isomerism of the Styryl Alkyl Ketones. 
Part IV. 4-Hydroxy- and Some Derivatives of 
2-Hydroxy-styryl Alkyl Ketones. 


By ALEXANDER McGooxin and Donatp James SINc3ar. 


THE examination of a further series of styryl alkyl ketones has led 
to some interesting developments and to a confirmation of the 
earlier work (J., 1924, 125, 2099; 1925, 127, 2539; 1926, 1578). 

5-Bromo-2-hydroxystyryl methyl ketone (Part I) reacts in alkaline 
solution like the 2-hydroxy-compound with the production of the 
sodium salt of the distyryl ketone. In addition to the yellow 
distyryl ketone described by Fabinyi and Széki (Ber., 1907, 4, 
3455), a colourless isomeride of different m. p. has now been pre- 
pared. Instances of isomerism amongst the distyryl ketones are 
rare, although this type of ketone could exist in three isomerit 
forms. 

Zincke and Muhlhausen (Ber., 1903, 36, 129) and Vorlander 
(Ber., 1925, 58, 118) obtained green and yellow forms of 4: 4'-di: 
hydroxydistyryl ketone. Straus (Annalen, 1910, 374, 40) described 
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yellow and colourless modifications of 4 : 4’-dimethoxydistyryl 
ketone of different m. p.’s. Heilbron and Whitworth (J., 1923, 
123, 238) prepared 4’-dimethylamino-2-hydroxy-3-methoxydistyryl 
ketone in two red forms having differing m. p.’s. Dickinson, 
Heilbron, and Irving (J., 1927, 1888) isolated 3 : 3’-dimethoxy- 
4:4’-dibenzyloxydistyryl ketone and an isomeride of different m. p. 
Glaser and Tramer (J. pr. Chem., 1927, 116, 331) described a green 
form of 2: 2’-dihydroxydistyryl ketone obtained by heating the 
ordinary yellow isomeride. The present authors were able to isolate 
oly a green, impure specimen of diphenospiropyran by this treat- 
ment (Part I). Glaser and Tramer (loc. cit.) also prepared a green 
fom of 4 : 4’-dihydroxy-3 : 3’-dimethoxydistyryl ketone which must 
be an isomeride of the compound described in Part III and by 
Nomura and Hotta (Sci. Rep. Téhoku Imp. Univ., 1925, 14, 119). 
Glaser and Tramer also discuss the fission occurring in the molecules 
of unsaturated ketones which has already been considered in the 
present series. 

2-Hydroxy-4-methoxystyryl ethyl ketone, 2-hydroxy-4-methoxystyryl 
n-propyl ketone, 2-hydroxy-3-methoxystyryl ethyl ketone, 2-hydroxy- 
3-methocystyryl n-propyl ketone, 4-hydroxystyryl methyl ketone, 4-hydr- 
orystyryl ethyl ketone, and 2-hydroxystyryl isopropyl ketone were 
found to be similar to the ketones previously described. 

Nomura and Nozawa (Sci. Rep. Téhoku Imp. Univ., 1918, 7, 79) 
described the preparation of 3-hydroxystyryl methyl ketone by the 
direct method. Attempts to repeat the condensation both in acid 
and in alkaline media resulted in the production of a buff-coloured, 
amorphous solid, possibly a polymeride of the simple ketone, into 
vhich it could not be converted. The simple ketone was prepared 
by the method of Murai (Sci. Rep. Téhoku Imp. Univ., 1925, 14, 
149) from 3-nitrostyryl methyl ketone, which the present authors 
found to melt at a temperature higher than that recorded by Murai 
(loc. cit.) and by Vorlander (Annalen, 1897, 294, 273). Attempts 
to isolate the 3-amino-compound previously prepared by Miller and 
Rhode (Ber., 1890, 23, 1881), as an oil, were unsuccessful. 

No distyryl ketone is produced by the action of alkali on 
+hydroxystyryl methyl ketone, and this compound will not con- 
dense with 4-hydroxybenzaldehyde in alkaline media, previous 
observations on the failure of 4-hydroxybenzaldehydes to condense 
uder these conditions (Part I) or to react only to a very slight 
extent (Part II) thus being confirmed. 4 : 4’-Dihydroxydistyryl 
ketone has been prepared only by acid condensation (compare 
lincke and Muhlhausen, loc. cit.; Vorlander, Joc. cit.). 

Attempts to prepare 2-hydroxystyryl benzhydryl ketone by the 
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direct condensation of salicylaldehyde and benzhydryl methy| 
ketone in presence of 40% potassium hydroxide solution, sodiuy) 
ethoxide or piperidine were unsuccessful, although benzhydry 
methyl ketone has been condensed with benzaldehyde and it 
4-methoxy-derivative by Rack (Ber., 1923, 56, 1130). 


In order to prove that aldehydes do not react with the methylene saber 


groups of ketones in the presence of alkalis, attempts were made ty 
condense salicylaldehyde with diethyl ketone and with 2-hydroxy. 
styryl ethyl ketone under these conditions without success. Even, 
the reactive 4-dimethylaminobenzaldehyde would not condense with 
2-hydroxystyryl ethyl ketone in alkaline media. 

The hydroxystyryl alkyl ketones so far described are of two 
types. The ketones of both types undergo fission in alkaline media, 
furnish red solutions more or less readily when boiled with concen. & 
trated hydrochloric acid, and exist each in isomeric forms of identical 
m.p. The ketones of type I all contain the group >CH:CH-CO-CH, 
and their fission products recombine in alkaline solution to form 
the distyryl ketones. The ketones of type II contain the group 
>CH:CH-CO-CH,R, where R is any alkyl group, and their fission 
products recombine in alkaline media with the formation of high- & 
melting, unsaturated substances of undetermined nature. 

Styryl ketones of a third type have now been prepared which 
differ from those of types I and II in that (i) alkali has no action, § 
other than solvent action, upon them even on prolonged exposure, 
and (ii) they are not attacked by boiling concentrated hydrochloric 
acid. 

2-Hydroxystyryl tert.-butyl ketone, 2-hydroxystyryl phenyl ketone, 
and 2-hydroxystyryl isobutenyl ketone belong to this class. The 
second of these compounds has not been isomerised, but the other 
two exist in the usual isomeric forms. 

2-Hydroxystyryl isobutenyl ketone (I) is formed in small yield 
by the condensation of salicylaldehyde with mesityl oxide in alkaline 
solution, the main products being 2-hydroxystyryl methyl ketone 
and 2: 2’-dihydroxydistyryl ketone, which are formed thus (X 
denotes HO-C,H,) : 


(I.) X-CH:CH-CO-CH:CMe, "> X-CH:CH-COMe + COMe,. 
2X-CHO + Me,CO = (X-CH:CH),CO -+ 2H,0. 


Other instances of isomerism amongst the styryl ketones (see 
table) appear in the literature, although they have not previously 
been recognised. In addition a number of styryl aryl ketones are 
known, the isomeric forms having different m. p.’s; data regarding 
these compounds will be published elsewhere. 
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M, p. of forms. 


Colour- 
Ketone. Yellow. less, Reference. 


Methoxystyryl] methyl Einhorn and Grabfeld, Ann., 1888, 
Baeyer and Villiger, Ber., 1902, 35, 
1189. 


Nomura and Nozawa, loc. cit. 
Nitro-4-methoxystyryl methyl Einhorn and Grabfeld, loc. cit. 
Methoxystyryl methyl é Auwers, Ann., 1917, 418, 279. 
Heilbron and. Buck, J., 1921, 119, 
50 Faillebin, Ann. Chim., 1925, 4, 410. 
Methoxy-4-ethoxystyryl methyl 106 Dickinson, Heilbron, ‘and Irvi ying, J., 
}Nitrostyryl phenyl 5 Sorge, J Ber., 1902, 35, 1065. 
145 Ruhemann, J., 1903, 82, 1371. 
Bodforss, Ber., 1916, 49, 2795. 
Methoxystyry] phenyl 58—59 Stobbe and Wilson, J., 1910, 97, 1732 
ri a and Heilbron, J., 1924, 125, 
40. 
Methoxystyry] phenyl 7 ~- Pfeiffer, Ann., 1917, 412, 253. 
_ 106—107 Stockhausen and Gattermann, Ber., 
1892, 25, 3535 
\ldehydostyryl phenyl] f 125( ?) Lendenfeld, Monatsh., 1906, 27, 169. 
Methoxy-8-phenylstyryl phenyl : — —— and Tetzner, ” Ber., 1902, 35, 
3965. 
113 Das and Ghosh, J., 1919, 115, 817. 


EXPERIMENTAL. 


5'-Dibromo-2 : 2'-dihydroxydistyryl Ketone.—The sodium salt 
lowly separated in green crystals from the red solution produced 
by treatment of the monostyryl methyl ketone with alkali. Acid- 
cation of a solution of these crystals produced the free ketone, 
hich separated from alcohol in bright yellow crystals, m. p. 188°. 
tcan also be prepared by the usual condensation methods (i) from 
-bromo-2-hydroxystyryl methyl ketone and 5-bromosalicylalde- 
hyde, and (ii) from 5-bromosalicylaldehyde and acetone. A solution 
{the aldehyde (50 g.) in 10% aqueous sodium hydroxide (150 c.c.) 
yas diluted with 700 c.c. of water, and acetone (7-2 g.) introduced. 
fter 4 days, the green crystals that had separated were collected, 
lissolved in water, and almost neutralised with dilute acetic acid, 
nd the ketone was precipitated with carbon dioxide. Recrystal- 
sation from benzene produced yellow, matted crystals, m. p. 
88°. The mother-liquor furnished a greyish solid which, after 
tystallisation, separated in colourless, rhombic crystals, m. p. 
145° (Found: C, 48-3; H, 2-95; Br, 37-95. C,,H,,0,Br, requires 
48:1; H, 2:8; Br, 37-7%). This compound dissolved in alkali 
ith a yellow colour, being thus distinguished readily from the 
ellow isomeride. A mixture of the two forms melted at 174-5° 
Many of the styryl ketones described below were obtained by 
he following alkali-condensation method. A solution of the 
ildehyde and the ketone in alcohol (80—150 c.c.) was treated with 
, sodium hydroxide solution and after a time (12 hours—3 
rs an aqueous solution of the crystals that had separated, or the 
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original liquid if no crystals separated, was acidified; the styry| 
ketone obtained was crystallised from alcohol or benzene. 

2-Hydroxy-4-methoxystyryl ethyl ketone, obtained from 2-hydroxy. 
4-methoxybenzaldehyde (10 g.), methyl ethyl ketone (5 g.), and 
alkali (250 c.c.), formed yellow crystals, m. p. 123°, which rapidly 
became green when kept. Recrystallisation then yielded colourles 
needles, m. p. 123° (Found: C, 69-4; H, 6-8. ©,.H,,0, requires 
C, 69-9; H, 68%). The colourless form dissolved in alkali, giving 
a yellow solution which turned orange in 5 days. 

2-Hydroxy-4-methoxystyryl propyl ketone, obtained from 2-hydroxy- 
4-methoxybenzaldehyde (9 g.), methyl n-propyl ketone (20 g.), and 
alkali (150 c.c.), formed yellow needles, m. p. 111—112°. The 
colourless form, obtained in the usual way, melted at 111—112 
and gave a yellow alkaline solution which developed an orange tint 
after 8 days (Found: C, 70-9; H, 7:35. C,3;H,,0, requires (, 
70-9; H, 7-3%). 

2-Hydroxy-3-methoxystyryl ethyl ketone, prepared from 2-hydroxy- 
3-methoxybenzaldehyde (20 g.), methyl ethyl ketone (9-5 g.), and 
alkali (25 g. KOH in 155 c.c. water), was obtained as a hydrate in 
pale yellow needles, m. p. 77—79°, which could be dehydrated only 
by heating ina steam-oven. The product crystallised from benzene- 
hexane in colourless needles, m. p. 86-5°, the solution of which in 
alkali was orange-coloured (Found: C, 69-5; H, 6:8. C,H, 
requires C, 69-9; H, 6-8%). 

2-Hydroxy-3-methoxystyryl propyl ketone, obtained from 2-hydroxy- 
3-methoxybenzaldehyde (10 g.), methyl n-propyl ketone (5 g.), and 
alkali (400 c.c.), formed colourless, arrow-shaped crystals (from 
alcohol), m. p. 82-5°, giving an orange solution in alkali (Found : 
C, 70-9; H, 7-1. C,,H,,0, requires C, 70-9; H, 7:3%). 

3-Hydroxystyryl Methyl Ketone.—(i) In an attempt to prepare 
this ketone from 3-hydroxybenzaldehyde (12 g.), acetone (5 ¢.c.), 
and alkali (100 c.c. of 20°4 KOH), a dark brown, amorphous sub- 
stance was obtained which, on solution in methyl alcohol and 
fractional precipitation with water, gave a buff-coloured solid which 
resisted all attempts at further purification and decomposed at 4 
high temperature without melting. Vacuum distillation of 20 ¢. 
of the solid only yielded a few c.c. of a dark, uncrystallisable oil 
with a phenolic odour. 

(ii) 3-Hydroxybenzaldehyde (13 g.) in acetone (30 c.c.) was cooled 
in ice, and dry hydrogen chloride passed in; a dark violet solid 
then separated. The product contained chlorine but was easily 
freed from hydrochloric acid by water, with the formation of the 
amorphous solid already described. 

(iii) The method of Murai (loc. cit.) was followed. The 3-nitro- 
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¢yryl methyl ketone obtained as an intermediate was a pale yellow 
wld of m. p. 99—100° (Found: N, 7-45. Calc. for C,)»H,O,N : 
j,73%). The 3-hydroxystyryl methyl ketone consisted of faintly 
lured crystals of m. p. 97—98°. Its yellow solution in alkali 
dowly turned orange. 

4.-Hydroxystyryl methyl ketone, obtained from 4-hydroxybenz- 
idehyde (25 g.), acetone (12 g.), and alkali (250 c.c.), formed 
yellow needles, m. p, 52—62°, containing water which was removed 
by crystallisation from absolute alcohol, pale lemon-yellow crystals, 
n, p. 111—112°, then separating. The colourless isomeride of 
identical m. p. could be prepared by the usual methods or by the 
addition of 40% alkali to the condensation mixture; in the latter 
ase the sodium salt separated in deep yellow needles [Found : 
yellow isomeride) C, 73-8; H, 6-2; (colourless isomeride) C, 73-6; 
H, 6:2. Cy 9H 90, requires C, 74:0; H, 6-2%]. 

The mother-liquor from the preparation of 4-hydroxystyryl 
methyl ketone contained a small quantity of a yellow, crystalline 
compound, m. p. 220° (Found: C, 75-8, 76-0; H, 5-2, 5-2%), the 
constitution of which has not been determined. 

4:4'-Dihydroxydistyryl Ketone——Dry hydrogen chloride was 
passed into a solution of 4-hydroxybenzaldehyde (25 g.) and acetone 
(6g.) in absolute alcohol (100 c.c.); a blackish solid soon separated 
vhich turned green on the addition of water. Crystallisation from 
aohol then yielded yellow plates, m. p. 237—238°. Acid con- 
densation of 4-hydroxybenzaldehyde and 4-hydroxystyryl methyl 
ketone gave the same compound. 

4-Hydroxystyryl ethyl ketone was obtained from 4-hydroxybenz- 
aldehyde (25 g.), methyl ethyl ketone (15 g.), and alkali (300 c.c. of 
15%; warming on the water-bath) as a yellow oil which crystallised 
in the ice-chest; it then separated from cold aqueous alcohol in 
yellow needles and from hot alcohol in colourless needles (Found : 
(746; H, 6-9. C,,H,,0, requires C, 75-0; H, 6-8%), both having 
m. p. 115°. 

4-Hydroxystyryl propyl ketone, obtained from 4-hydroxybenz- 
aldehyde (25 g.), methyl n-propyl ketone (15 g.), and alkali (200 c.c.), 
eparated from cold aqueous alcohol in yellow crystals, m. p. 
%—83°, of a hydrate which, on recrystallisation from benzene- 
hexane, gave yellow needles, m. p. 90°. The colourless isomeride 
ofthe same m. p. was produced in the usual way [Found: (yellow 
form) C, 75-5; H, 7-45; (colourless form) C, 75:3; H,7-4. C,H, 
requires C, 75-8; H, 7-4%]. 

2-Hydroxystyryl isopropyl ketone, obtained from methyl isopropyl 
ketone (50 g.), salicylaldehyde (72 g.) and alkali (700 c.c.), separated 
ftom ice-cold alcohol in yellow crystals, m. p. 107°. This form was 
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very unstable and passed readily into the colourless modification, 
m. p. 107° (Found: C, 75:9; H; 7-4. C,.H,,0, requires ©, 759. 
H, 7:4%). 

2-Hydroxystyryl tert.-Butyl Ketone—A solution of pinacolin 
(18 g.), salicylaldehyde (18 g.), and sodium hydroxide (10 g) in 
alcohol (200 c.c.) was warmed on a water-bath for 4 hour. After 
7 days, the excess of pinacolin was removed by evaporation (other. 
wise an uncrystallisable oil separated on acidification), and the 
solution was diluted with water and poured into dilute acetic acid, 
Crystallisation of the product from cold aqueous alcohol gave yellow 
needles, m. p. 128°, which were easily converted into the colourless 
form of identical m. p. (Found: C, 76-0; H, 7-9. C,3H,,0, requires 
C, 76-4; H, '7-8%). Both forms give yellow solutions in alkali. 

2-Hydroxystyryl isoButenyl Ketone (1).—Salicylaldehyde (38 g) 
was dissolved in alcohol (100 c.c.), and 20% sodium hydroxide 
solution (200 c.c.) added. Pure mesityl oxide (30 g.) was gradually 
run in with mechanical stirring. After 12 hours, the dark red 
sodium salt produced was filtered off and treated with water; a 
small amount of material remaining undissolved was found to be 
the required ketone, which, on recrystallisation, yielded yellow 
erystals, m. p. 141°. On acidification, the sodium salt furnished 
2 : 2’-dihydroxydistyryl ketone, and the original filtrate gave 
2-hydroxystyryl methyl ketone. A colourless isomeride, m. p. 141’, 
of 2-hydroxystyryl isobutenyl ketone was prepared by the usual 
methods. ‘The pure ketone dissolved in concentrated alkali solution 
with a yellow colour which was unchanged on standing, but after 
the addition of salicylaldehyde the solution turned red in 2 hours 
and longer treatment caused the separation of the sodium salt of 
2 : 2’-dihydroxydistyryl ketone. No coloration was produced when 
2-hydroxystyryl isobutenyl ketone was boiled with concentrated 
hydrochloric acid (Found: C, 76-9; H, 7-0. C,,;H,,0, requires 
C, 77-2; H, 69%). 

2-Hydroxystyryl Phenyl Ketone—This ketone was prepared by 4 
modification of Bablich and Kostanecki’s method (Ber., 1896, 29, 
233). It gives an orange-red sodium salt, and an orange solution 
in alkali. An alcoholic solution of the sodium salt was made by 
dissolving the ketone in the exact amount of standard sodium 
ethoxide solution, and six fractions were obtained by successive 
additions of dry ether. All the sodium salts thus precipitated and 
also the salt obtained on evaporation of the final filtrate gave 
2-hydroxystyryl phenyl ketone on acidification. Boiling in high- 
boiling solvents in presence of acids, exposure to ultra-violet light, 
and heating in an autoclave failed to isomerise this ketone, the 
vellow form being recovered in every case. 
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During the preparation of this ketone red needles separated from 
the reaction mixture. Treatment of these crystals with water 
aused the precipitation of a small amount of a yellow solid which 
poved to be 2-hydroxybenzylidenediacetophenone. When pure 
ad of constant melting point, it consisted of colourless plates of 
n.p. 129°, which is lower by 2° than that recorded. The compound 
is insoluble in alkali of less than 15% strength, but dissolves in 
nore concentrated alkali, yielding yellow solutions. 


The authors desire to express their thanks to Dr. Dickinson for 
uanalysis, to Mr. G. E. Follows, M.Sc., for observing the colourless 
iomeride of 5 : 5’-dibromo-2 : 2'-dihydroxydistyryl ketone, and to 
ir. C. F. A. Roberts for the preparation of 3-hydroxystyryl methyl 
ketone. 
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(L—Some Miscibility Relations of Acetic Anhydride. 
By Davip Cuartes JonES and Harotp FREDERICK Betts. 


Qrron and Jonzs (J., 1912, 101, 1722) determined the solubility 
a water in acetic anhydride at 15°, and Lumiére and Barbier 
(Bull. Soc. chim., 1905, 33, 783) state that acetic anhydride is 
wluble in water to the extent of 12% at the ordinary temperature. 
No other data regarding the mutual solubility of acetic anhydride 
ad any other liquid are given in the literature. 

The solubility of pure acetic anhydride in carbon disulphide, 
tylohexane, and a petroleum fraction has now been determined, 
and found to be much less in each solvent than that of acetic acid 
itself (see Jones, J., 1923, 123, 1374). The effect of acetic acid, 
present as an impurity in the anhydride, on the critical solution 
temperatures (C.8.T.) has also been investigated. 

At first sight it seemed very remarkable that the stable com- 
pound formed by chemical union between two acetic acid molecules 
with the elimination of water should prove to be less soluble in 
these solvents than the associated acid. The much greater solubility 
ofacetic acid than of its anhydride in water is roughly what would 
beexpected from C, and C, compounds and their respective water- 
wluble groups. With petroleum as solvent, since we are dealing 
vith the associated acid, in both cases we have C, compounds, and 
‘greater similarity in the solubility would be expected, 7.¢., the 
wlubility of the anhydride would be relatively increased. The 
wreater solubility of the associated acid in petroleum must then be 
isetibed to its smaller polarity. In the process of association, the 
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highly polar carboxyl groups, which are active in promoting 
solubility in water, are conjugated in such a way that the resulti 
compound is less polar than its anhydride. All the known fact 
concerning the physical properties of the (pure, associated) acid 
are in agreement with this conclusion; e.g., acetic acid, ¢,9. = 6-29, 
Yoo = 27-90; acetic anhydride, e59- = 20:5, yoo = 32°69 (c = di. 
electric constant; y = surface tension). It follows that, if its true 
solubility could be determined, pure, associated acetic acid should 
be much less soluble in water than the anhydride. 

Acetic anhydride, although it has a fairly high dielectric con. 
stant, is a typical non-associated liquid if examined by all the 
usual criteria. Its mutual solubility with solvents of the petroleum 
type affords a rare example of partial miscibility of liquids neither 
of which is associated. A calculation of the internal pressure of 
the anhydride by some of the usual methods leads to. values which 
place it somewhere near benzene in the internal-pressure series; 
and therefore, according to the theories of solubility put forward 
by Hildebrand and his collaborators, acetic anhydride should prove 
completely miscible in these solvents. 


EXPERIMENTAL. 


Purification of Materials.—Acetic anhydride. For the purification 
of this material the method used by Orton and Jones (loc. cit.) 
was found very effective. Kahlbaum’s ‘“ homologue-free ”’ acetic 
anhydride was distilled several times through a six-section Young 
and Thomas evaporator-column stillhead. The apparatus was s0 
arranged that the distillate could be collected in fractions and 
drawn off into bottles when required, and was carefully designed 
to prevent the entrance of moisture. Three fractions were finally 
obtained and the boiling points were immediately determined in 
an all-glass apparatus similar to that described by Edwards (J. Soc. 
Chem. Ind., 1918, 37, 387) but having ground glass joints and 4 
ground-in stopper, from which the thermometer was suspended 
by means of a platinum wire and a glass hook. The following 
results were obtained : Fraction 1, 100 c.c., b. p. 138-80°/760 mm.; 
fraction 2, 75 c.c., b. p. 139-36°/760 mm.; fraction 3, 50 c.c., b. p. 
139-47°/760 mm. 

A determination of the C.S.T.’s of fractions 2 and 3 with cyclo 
hexane gave results agreeing to within 0:03°. These two fractions 
were mixed and refractionated, the distillate having b. p. 139-41— 
139-47°/760 mm. and d}*° 1-0853 (compare Orton and Jones, lo. 
cit., who gave b. p. 139-55°/760 mm., di?" 1-0876, d3" 1-0820). ‘The 
material was kept in a well-stoppered bottle in a vacuum desiccator, 
and was used throughout the work. 
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eycloHexane. A sample of cyclohexane (Poulenc Fréres’ “ pur, 
m. p. 5-8°) was purified by repeated fractional freezing, and a final 
fraction obtained with m. p. 6-4°. 

Carbon disulphide. A. R. material (B.D.H.) was subjected to 
along shaking with mercury and distilled. It was then kept over 
phosphoric oxide for some time, and redistilled through the still- 
head described above. The final fraction obtained, b. p. 43-23°/760 
mm., was immediately used for the experiments, and was almost 
free from the usual odour, having in fact a distinctly pleasant 
ethereal smell. 

Petroleum. A high-boiling petroleum fraction was purified as 
described in a former paper (Jones, Joc. cit.), a final fraction, b. p. 
170—180°, being used. This was the material with which curve 
(, Fig. 2, was obtained. It was further purified by refluxing 
several times with the nitrating mixture, and distilled through an 
§-bulb pear stillhead under reduced pressure. The fraction, b. p. 
171—175°, so obtained gave results from which curve D, Fig. 2, 
was drawn. (n-Decane has b. p. 173°/760 mm.) 

Acetic acid. The acetic acid used was Kahlbaum’s “ homologue- 
free” material. It was purified by fractional freezing, a final 
fraction, m. p. 16-60°, being used. A certain amount was treated 
in the manner described by Orton and Bradfield (J., 1924, 125, 
960); the fraction obtained after several distillations, m. p. 16-5°, 
was fractionally crystallised and finally had m. p. 16-60°. 

All the above liquids were kept in well-stoppered glass bottles in 
desiceators over phosphoric oxide. 

Determination of the Solubility Curves—The synthetic method 
was used for the solubility determinations. Weighed quantities 
of the two liquids were sealed up in thin-walled glass bulbs, of 
about 2 c.c. capacity, and the miscibility temperature taken. 
Owing to the hygroscopic nature of acetic anhydride, great pre- 
cautions were necessary in filling the tubes. This was done in a 
manner similar to that used by Ewins for formic acid (J., 1914, 
105, 350). The tube was first weighed empty, the cyclohexane 
tun in, the tube reweighed, the anhydride run in, and the tube 
sealed off in the blowpipe. The two portions were allowed to 
cool, and the whole was reweighed. By careful withdrawal of the 
delivery tubes, wetting of the walls could be avoided. 

The temperature of mixing was determined as described in a 
former paper (Jones, loc. cit.). The best method for the determin- 
ation of the clearing point was found to be the observation of the 
filament of an electric lamp placed behind the bath. Even then 
some difficulty was experienced, especially‘in the carbon disulphide 
system, but the temperature error involved was small. In the 
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critical region the mean of the temperature of the disappearance 
of the striations, which show up very clearly on shaking just beloy 
the miscibility temperatures, and the temperature of clouding wa 
taken as the true miscibility temperature. If the tubes wer 
vigorously shaken when near the mixing point there was found 
be very little “lag,” the greatest difference between the upper and 


lower readings being 0-1°. The thermometers used throughout 


this work were either standardised at the N.P.L. or compared with 
others so standardised, the correction for exposed stem being mae, 

The low-temperature miscibility points on the curve were deter. 
mined in a kath of ether contained in an unsilvered Dewar flask 
of large capacity, and cooled below the necessary temperature by 
the addition of solid carbon dioxide. 

The critical phenomena exhibited in the three cases differed 
markedly in degree. In the anhydride—petroleum system there 
was an almost complete absence of any critical phenomena; in 
the anhydride-cyclohexane system the phenomena were mor 
marked, but still comparatively slight; in the anhydride-carbo 
disulphide system the phenomena were most pronounced—in the 
neighbourhood of the C.8.T. very persistent emulsions formed on 
shaking, and there was a very intense and beautiful opalescence, 
which was strongest immediately above the C.S.T., and _ persisted 
for several degrees, This was presumably due to the similar 


TABLE I. 


Showing the miscibility temperature, 7’, corresponding to various 
proportions (°% by weight) of acetic anhydride. 


% % % % 
C,H,03. 7, C,H,O;. I: C,H,0O3. T. C,H,0O3. 
Acetic anhydride—carbon disulphide. 
5:27 . 35°36 29-83° 42°85 29-65° 58°57 
9-66 . 36°39 29-85 44°20 29-5 67-60 
18:27 . 36°93 29-80 52-04 28-3 72-18 
19-18 . 38-01 29-80 53-22 27:9 77-98 
32-10 . 41-10 29-65 
Acetic anhydride—cyclohexane, 
27-97 50°3° 52-25 §2-37° 
39-03 52-25 58°83 52-00 
43-01 52-40 62°77 51-40 
45°35 62°42 70-16 48°30 
47°84 §2°46 
Acetic anhydride—petroleum. 
30-83 82-0° 60:67 85-25° 
35-00 83-5 67-87 84-00 
42-67 85-1 72-08 82-55 
50°33 85°47 76-73 80-27 
53°50 85°52 79-2 78-15 
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sities and different refractive indices of the phases in this system. 
all cases there were the usual flattening of the meniscus and 
pearance of flickering striations throughout the liquid just before 


40 50 60 
Acetic anhydride, %. 


A. Mutual solubility of acetic anhydride and carbon disulphide. 
B. ” ” ” 2” ” cyclohexane. 
C. % ” - a »» petroleum. 


The calculated solubility values are indicated by circles on curves A and C and 


by crosses on curve B; and the other points on each curve are experimentally 
ddermined. 


the critical point was reached. Very similar results were obtained 
vith acetic acid (Jones, loc. cit.). 

Discussion of Solubility Curves —The solubility results are shown 
in Table I and graphically in Fig. 1. Curves C, B, and A represent 
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the mutual solubility of the systems acetic anhydride—petroleum, 
acetic anhydride-cyclohexane, and acetic anhydride—carbon 4. 
sulphide, respectively. The mean-concentration curves for the 
three systems and, in the case of the system acetic anhydride. 
cyclohexane, the freezing-point curve abc are also shown. The 
invariant point where solid cyclohexane is in equilibrium with tw 
liquid phases is at 2-269°. All the curves have the usual flattened. 
top form, and in two of the systems (cyclohexane and petroleum) 
the mean-concentration curves are almost parallel to the tem. 
perature axis, the effect of temperature on the solubility of acetic 
anhydride in both phases being almost the same. In those two 
systems in which the freezing-point curve is very low (petroleum 
and carbon disulphide), an attempt was made to see whether either 
of these systems showed any inclination to become closed curves, 
with a complete miscibility area, at lower temperatures, but at the 
lowest temperature used (solid carbon dioxide and ether) ther 
was no indication of such a trend. 

Table II contains the critical solution data, i.e., the critical 
solution temperatures and the critical solution concentrations 
expressed in several ways. 


TABLE II. 
Critical concentration of 
acetic anhydride, %. 


C.S.T. Bywt. Byvol. By mob, 
Acetic anhydride-carbon disulphide 29-83° 36-17 39-86 29-69 
Acetic anhydride—cyclohexane 52-45 47-33 39°31 40-63 
Acetic anhydride—petroleum 85-50 52-11 42-76 62-47 


The Mean-concentration Curve.—It is well known that if the 
mean value of the concentrations (as g. per 100 g. of solution) of 
the two coexisting phases is plotted against the corresponding 
temperature, ‘in a large number of cases a curve is obtained which 
differs very slightly, if at all, from a straight line. Certain important 
qualifications must be made to this statement. . Frequently, quite 
marked irregular deviations from the mean-concentration curve 
have been observed in the neighbourhood of the C.S.T. It # 
precisely in this region that the accuracy of the experimental 
observations of the miscibility temperature is greatest : in all the 
systems investigated here it was possible to read the miscibility 
temperature to about 0-02° in this region. On the other hand, # 
this point the curve is very flat, and considerable changes in the 
concentration produce very slight miscibility-temperature changes. 
In other cases, the mean-concentration line is definitely curved 
only in the immediate neighbourhood of the C.S.T. It will bk 
shown here that this can frequently be ascribed to the presence of 
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» impurity, a third component, in the system. Most marked 
jeviation is observed throughout the mean-concentration curve 
shen the system exhibits a lower C.S.T. It is quite possible 
hat this may be due (at least partly) to impurities produced in 
he system, e.g., the formation of a hydrate in a system of which 
sater is one component. The curvature of the mean-concentration 
line in the direction of the more volatile component with increasing 
temperature may, in some instances, be due to neglect of the correc- 
in to the concentration necessitated by the unequal volatility of 


ae 


30.35 40 45 50 55 60 65 70 75 80 
Acetic anhydride, %. 
Curves A, B, and C are enlargements of A, B, and C (Fig. 1). Curve D is 


bed on results obtained after further purification of the petroleum which 
originally gave curve C. 


the components. In many cases quoted in the literature, the 
temperatures have not been estimated in the critical region to less 
than 01°. It is of interest, therefore, that, if the curves are accur- 
itely determined, no irregular deviations can be detected in the 
inmediate neighbourhood of the C.S.T. (see large-scale curves, 
Fig. 2). 

Furthermore, by the use of calibrated cylindrical tubes of 2—3 
te, volume it was found possible to determine the critical con- 
tntrations to within about 1% by direct observation of the relative 
vlumes of the phases at about 0-05° below the miscibility tem- 
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peratures: at the critical solution concentration the volumes ¢ 
the coexisting phases should be equal. (It is evident, from wok 
now proceeding, that the critical solution concentrations could 
determined by this method, using larger liquid volumes, with very 
considerable accuracy.) We were thus able to compare the valuy 
of the critical concentration, as given by the point of intersecticy 
of the solubility curve and the mean-concentration curve, with the 
values obtained by direct volumetric observation. In Table |, 
the two concentrations in each system which are italicised ar 
those in which a determination of phase volume had shown that 
the critical solution point was intermediate in concentration between 
them; e.g., in the carbon disulphide-acetic acid system the 36-93°, 
mixture gave a lower layer greater than the upper; in the 35:36, 
mixture the reverse was the case. 

It is clear from these results that in the carbon disulphide 
acetic anhydride system, although the curvature of the mean. 
concentration line was considerable, it intersected the solubility 
curve in the critical solution concentration point. This affords 
evidence that the curvature is not due to impurities in the system, 
as might have been suspected on the grounds that water in the 
acetic anhydride would undoubtedly have had the effect of curving 
the mean-concentration line in this same direction. A curvature 
of this line may then be due to impurities in the system, or it may 
be inherent in the system. A determination of the critical con. 
centration by alternative methods distinguishes these two cases. 
If the critical phenomena are distinct and impurity is present in 
fairly large quantity, the diminution of this alone may serve to 
indicate whether the maximum point on the curve which is always 
one terminus of the mean-concentration curve is the C.S.T. 

These results may be compared with the methyl alcohol-hexane 
curve determined by Rothmund (Z. physikal. Chem., 1898, 26, 
433). Neglecting the points in the immediate neighbourhood of 
the C.S.T., and drawing a straight line through the mean con- 
centrations at lower temperatures, he obtained values for the critical 
solution concentrations and the C.8.T. From his results it 
clear that if the values in the neighbourhood of the C.S.T. are 
used and the mean concentrations plotted, the line shows quite 
definite curvature leading to a maximum temperature on the 
solubility curve at quite a different concentration from that of 
the critical solution point. This is undoubtedly due to a trace of 
water in the methyl alcohol used. His results may be com 
with those obtained by one of us in the system acetic acid—cyclo- 
hexane (Jones, loc. cit., p. 1387, Fig. 2): with only 0-28% of wate 
in the acetic acid, the maximum temperature on the curve is 20 
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jnger that of the C.S.T., the concentration corresponding to the 
naximum temperature is approximately 75% cyclohexane, and 
ihe critical solution concentration is approximately 50% (curve B, 
ix, cit.). The effect is much more marked when the proportion 
of water in the acetic acid is 1-2% (curve C, loc. cit.). That this 
isthe result to be expected can be seen most clearly from a ternary 
diagram of the system. On Fig, 3a the curves A, B, and C repre- 
ent typical isothermal curves that would be obtained in the system 
yetic acid—water-cyclohexane at three increasing temperatures. 


Owing to the fact that the acetic acid distributes itself mainly in 
the aqueous phase, the tie-lines would run somewhat as marked 
in broken lines for the curve A, and the ternary critical temperature 
line would be represented by KK,. AC represents the composition 
of all mixtures of cyclohexane and an aqueous acetic acid, and the 
points where this line cuts the projection of the binodal curves 
wil be miscibility points of the system. B, and B, at one tem- 
perature, and D, and D, for a higher temperature, represent four 
of these points, which in Fig. 3B are plotted in a two co-ordinate 
system. At the temperature of the isothermal curve C, AC becomes 
tangential at the point M, and this point would be the maximum 
Pont as plotted on Fig. 38. K, is represented in the same figure 
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as the C.S.T. for the aqueous acetic acid represented by A, 
Fig. 3a, and this corresponds to the point where the line AC oy 
the critical line. 

In Fig. 38, the line MN emnantie the mean-concentration cury 
for Curve B, Fig. 38 (cyclohexane-aqueous acetic acid). Qy 
one case can occur in which, in the presence of a third componen 
the maximum point of the curve plotted in a two co-ordinate syste 
would coincide with the critical point, and that is when the terna 
critical solution concentrations are such that the line AC, Fig. 
is tangential to the binodal curve at the ternary critical solutiq 
point. The difference in concentration of the maximum point }f 
and the critical solution point K, is dependent largely on th 
distribution ratio of the third component between the two phas 
The volumes of the phases would be equal at a temperature just 
below K, for a system of this composition, and quite different a 
a temperature just below M for a system whose composition is 
represented by this point. This is clearly seen from Fig. 3a. 

In the cyclohexane-acetic anhydride system, the mean con- 
centration curve (in this case, almost a straight line) cuts the 
solubility curve in a point which is in agreement with the critical 
solution point obtained by direct volumetric observation. 

In the petroleum—acetic anhydride system the curve (mea 
concentration curve, corresponding to Curve C, Fig. 2) again 
showed marked deviation from linearity, but in the opposite 
direction to that in the case of carbon disulphide—acetic anhydride. 
When the phase volumes at the concentration represented by the 
point of intersection of the solubility curve (point S, Fig. 2) wer 
compared, a large excess of anhydride was found, #.e., the volume 
of the lower layer was much greater than that of the upper layer, 
at a temperature very close to the miscibility temperature. Observ- 
ations of volume indicated that the critical concentration was o 
the linear extension of the lower points of the mean-concentration 
line. From the direction of deviation of the line it seemed probable 
that the impurity present would be a higher fraction. The petroleum 
was treated again with the nitrating mixture and carefully 
fractionated, as described above, and the solubility determination 
were repeated. The solubility curve obtained is represented a 
Curve D, Fig.2. Asis seen, the curvature in the mean-concentratia 
line was reduced considerably, thus affording evidence that a 
impurity of this type was present in the original fraction. 

In view of these results, it can be concluded that, in the systems 
examined here, in two cases the mean-concentration line is straight, 
within the limits of experimental error, right up to within 002 
of the C.S.T., and in the other case the line has a definite curvatul® 
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yhich is not due to impurities. It would seem that the arguments 
ysed in this section would apply if the impurities were produced in 
the system by, for instance, chemical combination between the 
emponents, or by polymerisation of one or other of the com- 

ments; and in this way it could be determined whether the 
marked curvature of the mean-concentration line in the case of, 
¢g., nicotine and water near its lower C.S.T. was due to the presence 
of the hydrate as impurity. 

Table III contains the figures from which the mean-concentration 
curves were plotted. 


TasxeE III. 


Temp. C;. C,. Mean. Temp. C;. C;. Mean. 


(Carbon disulphide—acetic anhydride. Petroleum-—acetic anhydride. 
(Curve D, Fig. 2.) 
80:00 42-50 5-00 97-26 51-13 
74-67 40-94 5-60 96-9 51-25 
66-43 39-15 6-43 9660 651-51 
59-60 37-90 30° 7:69 95-37 51-53 
55:70 37-20 9-17 94:10 51-63 
53-00 36-94 11:00 92-32 51-66 
48-37 36-35 5 13-50 89-90 651-70 
44:20 36-30 18:00 85-60 51-80 
36-17 36-17T 22:00 82:00 52-00 
26-90 77-17 52-03 
cycloHexane-acetic anhydride. 30-85 73°34 52-09 
91-0 48-00* 36-70 67-83 52-26 
90-0 48-00 8 41-75 63-08 52-41 
87°67 47°45 ; 44:30 60-70 52-50 
84-27 46°82 . 52-11 62-11 §2-11f 
78-87 46-69 jf ; 
14:57 46°67 Petroleum—acetic anhydride. 
10-16 47°24 (Curve C, Fig. 2.) 
67:08 47°13 26-90 77°33 = 2-12 
64:17 47-37 y 30-66 74:66 52-66 
58°83 47-36 36-50 70-01 53-25 
55°66 47-34 41:20 65°80 53-50 
47°33 = 47-337 46-66 61:66 654-16 
85:75 56:00 56:00 56-00f 
* Extrapolated. 
t Extrapolated values read from intersection of solubility curve and mean 
concentration curve. 


; Maximum temperature : concentrations are not critical. 


The Law of Corresponding States. 


In view of the facts that we are dealing with the solubility curves 
of acetic anhydride in a series of closely related non-polar solvents, 
and that acetic anhydride is, as far as can be seen, a non-associated 
substance (see next section), it seemed desirable to investigate 
whether at corresponding C.S.T.’s the saturation concentrations 
were also corresponding. Rothmund (loc. cit.) investigated this 
question for a series of 12 different liquid mixtures, all of which 
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contained an associated compound, and concluded that the |g 
of corresponding states was not valid. 

In Table IV are the results of the calculation of the reducif "” 
concentrations at various reduced temperatures 
the whole solubility curve up to within 0-1° of the 


TABLE LV. 


2 : : 5. : ” 8. J : : . : 
-, 4 5 6 7 . this 
duced Sys- C; Cy C, C: BB those 
temp. tem. 14 -| Cy Cy/Cx. (cale.).|C’1/C’x. (calc.). ° " -) } 
I 31:58 08732 31-19 | 0-8149 29: . . : : 6 temp 
0-9995 II 52-28 | 39-75 0-8399 40-80} 0-7341 41: . . . . 
III 85-32 | 45-50 0-8732 44-92 | 0-7672 45- . . . : i Th 
I 29-53 | 28-67 0-7929 29-14 | 0-7098 28-03 . . . 
0-999 II 52-13 | 37-83 0-7993 38-18 | 0-6772 38- 75 1- 20 | 1: ifm the C 
IIL 43-00 0-8252 41-99 | 0-6933 43: . . . 6040 I ation 
I 26-00 07190 26-91 | 0-6201 25- 293 45: . ato 
0-998 -80 | 35-00 07396 35-22 | 0-5994 35- . . . . hour! 
II -78 | 40:30 0-7734 38-77 | 0-6203 . . : 
I 28-32 | 21-72 0-6006 23-07 | 0-4898 21: . . . . 40M ment 
0-995 ‘82 | 29-75 0-6287 30-18 | 0-4714 30- . : : 
II . 35:67 0-6844 33- : : . . : : 53 Mi are le 
I 26:80 | 18-40 0-5087 19- . . . . 5 
0-99 ‘19 | 25-67 0-5424 25: . . ‘70 1: . . 14 fm be gr 
° 30°58 0-5868 ©, . ° . . . ¥ 
I * 14:90 0-4120 ? f " Pp 4 7 «R29 . error. 
0-98 94 | 20°57 0-4347 . . . . . 
: 24-77 0:4753 22 . . . . 
12: 3 00-3409 ° . ° . . . . A? 
16-57 0:3501 17: . . . . . yg cxact 
21:20 0-4068 . . \° . . “98"| 4-2 9.7 than 
8:90 0-2461 ° . . . . © | 
12-00 0-2536 12. . . 27 1: . . em Th 
16°67 0-3199 ° . . . ° | 
6-17 0-1706 ° ° . . . . . ‘02 agree 
8:33 0-1760 9 . -60 . . . : 
12-60 0-2418 a , . 3 € F law 0 
5-04 00-1393 | . ° ° ° 5 ° D to cel 
717 O-1515 7: . . ‘73 1-854 92-24 | 7-957 979 
10-92 0:2095 8-69] 0-1127 9 92°58 1-775 101-60 {11-39 7175 Mand | 


System Re! : Acetic anhydride-carbon disulphide, Tespe 
im : es ra ~cyclohexane. : 
“ea Pa ‘~ -petroleum. I$ CO! 
From the experimental results, by the synthetic method, the “os 

values of the saturation concentrations, C, and C,, are obtain 

in g. per 100 g. of solution. C,; represents the critical solutio tC 
concentration expressed in the same way. Cols. 5 and 10 gig. 
the values of the reduced concentrations C,/C, and C,/C; thu nie 
expressed. Cols. 6 and 11 contain the values of C, and ©, calculated ee 
by multiplying the average reduced concentration for cach reducel data, 
temperature by C;. For the C, values there is an average deviation to si 

of 1-12%. For the C, values, the deviation, although small at the —e 

higher reduced temperatures, becomes very large at the lowey ‘ 

temperatures. 

It is possible that concentrations would be more correctly & 
pressed as g. per 100 c.c. of solution. It can be shown (Rothmunt, 
loc. cit.) that if they were so expressed, and if the law of correspout 
ing states held, then the expression C,(100 — Cx)/C:(100—“) 
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should be constant. It is obvious from the form of this expression 
that this is really the reduced concentration if the actual con- 
entration is expressed as g. of one component per 100 g. of the 
second component, usually considered as solvent. The reduced 
concentrations calculated in this way are given in cols. 7 and 12 
uder the headings C’,/C’, and ©’,/C’, (acetic anhydride being 
considered as solute). Cols. 8 and 13 give the values of C, and C, 
calculated from the average reduced concentrations expressed in 
this way. The deviations for C, are smaller than before, and 
those for C, again show very large variations at lower reduced 
temperatures. 

The fair constancy of the C’,/C’;, values, and the possibility of 
the calculation of the C, value, seemed worthy of fuller consider- 
ation. For reduced temperatures of 0-998 to 0-9995, in the neigh- 
bourhood of the C.S.T.’s, the deviations are within the experi- 
mental error of the method used. For 0-98—0-998, the deviations 
are less, but it is in this region of the curves that the accuracy should 
be greatest, and the deviation cannot be ascribed to experimental 
eror. For 0:90—0-98, the deviation tends to increase; this covers 
aregion of the curves in which there is difficulty in observing the 
exact miscibility temperature, but the deviations are much greater 
than could be accounted for on these grounds. 

The calculated values of C, are shown in Fig. 1, and are in general 
agreement with experimental values. The results indicate that the 
law of corresponding states holds with a fair degree of accuracy up 
to certain concentrations of acetic anhydride, viz., 46-75%, 60-30%, 
and 64-0994 in carbon disulphide, cyclohexane, and petroleum, 
respectively. This agreement is rendered more striking when it 
is considered that the C.8.T.’s concerned varied from 29-83° to 
$:50°, and the critical solution concentrations from 36-17% to 
d211°, of acetic anhydride. 

In spite of the deviations between found and calculated values 
fC, it is clear that, in general, the mean-concentration curve 
can be regarded as approximately linear, for even in the case of 
wrbon disulphide—acetic anhydride the maximum error involved 
isonly about 1%. If, therefore, in addition to the critical solution 
data, the solubility at one other temperature is determined, so as 
to give one other point on the mean-concentration line, the rest of 
the solubility curve can be calculated. This has been done, and 
the calculated values of C, are in Table V (col. 4), and represented 
inFig.1. The deviations (col. 5) are of the same order of magnitude 
a those found in the calculation of C,, the average for the three 
ystems being 0-89%. 

In this way the whole solubility curves can be calculated with 
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TABLE V. 
Temp. C, + C, (cale.). Cy, (calc.). C, (cale.). Deviation. 
Carbon disulphide—acetic anhydride. 
—0-45° 85-21% 5-24% 79-97% +0-20% 
5-60 82-64 6-29 76-35 — 0-82 
14-69 78°77 8-74 70-03 —1-37 
20-75 76-20 11-82 64-38 — 1-02 
23-77 74-92 14-46 60-46 — 1-04 
26-80 73-63 18-30 55-33 —0-°87 
28-32 72-98 21-74 51-24 —0-59 
29-22 72-60 25-72 46-88 +013 
29-53 72-46 28-03 44-43 +0-43 
29-68 72-41 29-93 42-48 +0-48 
cycloHexane—acetic anhydride. 
19-90 94-90 8-12 86-78 —0-95 
26-41 94-85 9-60 85°25 —0-42 
36-18 94-78 13-39 81-39 +0-12 
42-69 94-73 18-06 76-67 — 0-06 
45-94 94-70 21-40 73°30 —0-37 
49-19 94-68 26-43 68-25 —0-45 
50-82 94-67 30-94 63-73 —1-02 
51-80 94-66 . 35°82 58-84 — 1-46 
52-13 94-66 38-74 55-92 — 1-83 
52-28 94-66 41-80 52-86 — 2-31 
Petroleum—acetic anhydride. 
49-65 103-46 9-45 94-01 -+1-48 
56-82 103-63 11-09 92-53 +1-60 
67-58 103-84 15-36 88-48 +1-58 
74:75 104-00 20-41 83-59 + 1-42 
78-33 104-06 24-55 79-51 +0-51 
81-91 104-14 29-90 74-24 +0-64 
83-70 104-18 34-32 69-86 +0-99 
84-78 104-20 39-85 64-35 +0:24 
85-14 104-22 43-01 61-21 —0-87 
85-32 104-22 45-79 58-43 —1-41 
Col. 3 contains the values of C, calculated from the reduced concentrations 
C’,/C’, (Col. 8, Table IV). Col. 2 contains the calculated values of C, + C; 
assuming a linear mean-concentration line. Col. 4 contains the C, values 
calculated as the difference between the foregoing. 


very fair precision, as seen from the coincidence of the calculated 
and observed solubility curves in Fig. 1. 

This research is being extended to the determination of the 
mutual solubility of acetic anhydride with a larger range of non- 
polar liquids (e.g., a series of the saturated hydrocarbons), and to 
that of other non-associated polar liquids, such as aniline and 
nitrober2zene, in these non-polar solvents. 


¥ 


“Whe Influence of Acetic Acid on the O.S8.T. 


This part of the work was undertaken in the hope that the C.8.1. 
might be utilised as’ a means of estimating acetic acid present a 
an impurity in the amhydride. The procedure was to introduce 
into the pure anhydride a known amount of acetic acid, and to 


Go Ar er td 


rations 
n+, 
values 


ulated 


of the 
f non- 
und to 
e and 


SOME MISCIBILITY RELATIONS OF ACETIC ANHYDRIDE. 1191 


termine the effect on the C.S.T. After the introduction of 
he liquids by means of pipettes, graduated to deliver critical 
proportions, the experimental tubes were sealed off as before and 
he miscibility temperatures taken. 

From the curves obtained it was found that proportions of 
tic acid (up to 0-5%), such as might occur in the anhydride as 
upurity, have very little effect on the C.S.T., and in no case 
as the lowering greater than 1° for 5% of acid. There was distinct 
flattening of the upper end of all three curves, making the lowering 
lue to the first 1—2° of acid scarcely detectable, and rendering 
he method of little value. On the other hand, 1% of anhydride 
acetic acid raises its C.8.T. with petroleum by 2°, 7.¢., 0-1% of 
thydride in acetic acid could be detected. 


TABLE VI. 


The effect of acetic acid on the systems acetic anhydride and 
(1) cyclohexane, (2) carbon disulphide, (3) petroleum. 


ite an ae 
Acid, %.  C.S.T. Acid, %. C.S.T. Acid, %.  C.8.T. 


— *52-45° ~- 29-83° — 85-50° 
2-94 51-80 5-28 28-93 24-90 81-70 
4:05 51-70 23-14 25-03 48-65 72-80 
22:37 45-70 40-66 20-53 72°87 60-45 
50°6 33°75 59°97 14-68 100 39-2 
50:98 34:15 73-91 10-98 
74:6 19-95 100 4-20 
871 12-30 
100 4-30 
* This C.S.T. was redetermined after a period of 44 months, and the vari- 
tio was found to be less than 0-02°. This proves the absence of any moisture 
nthe original anhydride and its exclusion during filling. 
+ The acid in this case was that specially purified by Orton’s method (see 
bove). The corresponding curve is very slightly lower than that given by 
he other acid, the temperature difference at this concentration being, how- 
ver, less than 0-1°. 


Internal Pressure and Solubility. 


It has been shown, ¢.g., by Hildebrand (“‘ Solubility,’ p. 110), 
hat the internal pressure, K, may as a first approximation be put 
toportional to y/V+. The calculated value of this function for 
tetic anhydride at 20° is 7-175, which places it a little higher 
n benzene (6-48) in the internal-pressure series calculated in 
his manner. Carbon disulphide has the much higher value 8-7 
nd hexane and cyclohexane the values 3-80 and 5-56, respectively. 
Acetic acid gives 5-75 for the dimeric and 7-24 for the monomeric 
lolecule. From Vespignani’s value (Gazzetta, 1903, 33, i, 77) for 
he critical constants of acetic anhydride, viz., t, = 296°, p. = 46-2 
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atms., the value of a in van der Waals’s equation is calculated to 
be 3967 x 10-5, and a/V? becomes 441-8 x 10-8, where V is the 
molecular volume at 20°. This places the substance just below 
benzene (472 x 10-8) in the internal-pressure series thus calcul. 
ated; the values of a/V? x 108 for hexane and carbon disulphide 
are 290 and 610, respectively. Both methods of calculation lead 
to a similar relative position for acetic anhydride in the series. 

Although there is a considerable difference in internal pressure 
between the anhydride and hexane, yet its proximity to benzene 
does not agree with the solubility of the anhydride in the solvents 
used in this research; it is very close to cyclohexane in the series, 
and moreover, carbon disulphide has a considerably greater internal 
pressure. It should be noted, however, that the internal pressure 
of acetic anhydride so calculated is not at all what one would expect 
from the value of its dielectric constant. 


Summary. 


(1) The mutual liquid-solubility curves for the binary systems 
composed of acetic anhydride with carbon disulphide, cyclohexane, 
or a saturated petroleum fraction (decane) have been determined. 

(2) The degree of concordance of the solubility values with the 
theory of corresponding states has been discussed. The systems 
investigated show good agreement with the theory in the phas 
rich in the less polar constituent. 

(3) The mean-concentration curves for these systems are linear 
in two cases and slightly curved in one case (carbon disulphide), 
The possible causes for deviation from linearity are discussed, and 
the conclusions tested by a direct determination of the critical 
solution concentration in these systems. 

(4) The position of acetic anhydride in the internal-pressur 
series is considered in relation to the solubility results. 

(5) The effect of acetic acid on the critical solution temperatures 
is evaluated. 


One of the authors (H. F. B.) wishes to thank the Research 
Fund Committee of the Chemical Society for a grant which has 
partly defrayed the cost of this investigation. 
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CLI.—Some Physical Properties of Acetic Anhydride 
and Related Substances and their Constitutional 
Significance. 

By Davip CHARLES JONES. 


Determination of the Molecular Weight of Acetic Anhydride in 
Benzene and in cycloHexane.—Apart from Pickering’s cryoscopic 
determination (J., 1893, 63, 1000) of the molecular weight of acetic 
anhydride in acetic acid, no results on the molecular weight of acetic 
anhydride are recorded in the literature. In this research the 
lowering of the freezing points of cyclohexane and benzene by 
acetic anhydride was determined, and the results are shown in 
Tables I and III, respectively. In all cases, in dilute solution the 
anhydride gives values corresponding to the normal molecular 
weight (102). 

TaBLE I. 
Solvent: cyclohexane, m. p. 6-4°. 


Lowering M (found) 
of f. p. M (found). M (calc.) 
0-603° 111-2 1-09 
1-147 *< 1-17 
1-784 21: 1-20 
3-153 39: 1-37 
3-742 57: 1-54 
(4-131) 272. (2-67) 


Cone. 
0-335 
0-684 
1-087 
2-203 
2-947 
(5:33) 


ba 


_- 
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The concentration in Table I is expressed in g. per 100 g. of solvent. 
The molecular lowering of the freezing point of cyclohexane is 
assumed to be 200 (Mascarelli and Benati, Gazzetta, 1909, 39, ii, 
642). The last values in Table I correspond to the invariant point, 
where solid cyclohexane is in equilibrium with the two liquid phases ; 
this was determined in the ordinary freezing-point apparatus by 
adding a sufficient quantity of acetic anhydride to give a two-liquid 
layer system, and precautions were taken, by a very slow temper- 
ature adjustment, to ensure the two liquid layers being in equilibrium. 
The corresponding concentration of the cyclohexane-rich phase was 
tread from the solubility curve (preceding paper). The supercool- 
ing in any determination did not exceed 0-05°, spontaneous freezing 
occurring in nearly all cases at this point. A slow stream of dried 
air was passed through the annular space round the stirrer to prevent 
absorption of moisture during the determination. Only the results 
for the very low concentrations are regarded as giving values for 
the molecular weight of acetic anhydride in this solvent; the rapid 
increase in the values with increasing concentration probably 
illustrates merely the positive deviation of the system from Raoult’s 
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law, since the two liquids form a two-liquid layer system. (The same 
value for the freezing point would be obtained whatever the con. 
centrations of the solutions between 5-33% and 90-87% of acetic 
anhydride.) 

It is interesting to compare these results with those obtained for 
aniline and acetic acid in cyclohexane (see Table II). The theoretical 


TABLE II. 


Conc. M (cale.). M (found). M (found)/M (cale.), 


Acetic acid * 0-86 120 127-7 1-064 
3-49 120 140-0 1-166 


Aniline * 0-40 93-1 106 1-139 
3°05 93-1 136 1-461 


Acetic anhydride 0-335 102 111-2 1-09 
2-947 102 157-4 1-54 


* Turner, “ Molecular Association,” pp. 128, 143. 


value for the molecular weight of acetic acid is taken as that of the 
double molecule. The values for the so-called “‘ association factor ” 
in the case of aniline and acetic anhydride are very similar in 
solutions of about the same concentrations, probably because they 
both exhibit a positive deviation from Raoult’s law to the extent of 
forming a two-layer system with similar C.8.T.’s, e.g., aniline- 
cyclohexane, 41°, 49-72% aniline (Chavanne and Simon, Compt.§ mol 
rend., 1919, 168, 1111) ; acetic anhydride—cyclohexane, 52-45°, 47-339, thai 
anhydride (Jones and Betts, preceding paper). For acetic acidff vari 
the association is much smaller in solutions of corresponding con-§f cert 
centrations. In this case the liquids are completely miscible at thef the 
temperature reached by the freezing-point curve, but the meta-§ for 
stable liquid-liquid solubility curve lies just below the freezing-§ hyd: 
point curve (Jones, J., 1923, 123, 1374). 4C = 
When acetic anhydride is dissolved in benzene the molecular dow 
weight is normal up to a concentration of 3-8%, with a slight anh 
tendency to increase at higher concentrations. In this case ketc 
although the solvent is similar in type to cyclohexane, the two diflerfl is ¢; 
in that benzene is completely miscible with the anhydride. and 
TaBLeE III. i 
Solvent : benzene. with 


Cone. Lowering of f. p. M (found). MM (found)/M (calec.). orth 
1-539 0-783° 98-30 0-97 
2-205 1-090 101-20 0-99 
3°761 1-770 106-1 1-04 


The temperature coefficients of ‘“ molecular cohesion” and 4 
“‘ molecular surface energy,’’ as determined by Walden and Swine 
(Z. physikal. Chem., 1913, 82, 296) for the group of liquids concerned 


e Same 
16 CON. 
acetic 
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17-339, 
ic acid 
1g con- 
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TABLE LV. 


Temp. coeff. of molecular Temp. coeff. of molecular 
cohesion, surface energy, 
——_—_—————, 
obs. calc. 


Acetic anhydride . . 2-13 2-25 
Acetic acid ° , 0-95 2-11 
Carbon disulphide ... ; . 2-08 2-09 
2-05 2-20 
2°21 2-30 
in this paper, are given in Table IV. They support the conclusion 
reached from the freezing-point determination—acetic anhydride 
and aniline behave as “ normal” liquids, whereas acetic acid gives 
about half the calculated values. Hexane and carbon disulphide 
are typical “normal ”’ liquids. It has been suggested by Sidgwick 
(“ Electronic Theory of Valency,” p. 137) that it is the absence of 
co-ordinating hydrogen which accounts for the fact that ethyl 
ether, as judged by its properties in the pure state, is unassociated, 
as contrasted with, for instance, ethyl alcohol. Acetic anhydride 
probably affords another instance of this: there is no acceptor 
atom present. 

The Parachor and the Constitutions of Acetic Acid, Acetic Anhydride, 
and Ethyl Alcohol.—Sugden (J., 1924, 125, 1177) has compared 
molecular volumes at the same value of surface tension, and shown 
that these volumes can be calculated from values given to the 
various atoms present in the molecule if account is also taken of 
certain constitutive effects. From Orton and Jones’s value for 
the density (dj 10840) and Ramsay and Shields’s corrected value 
for the surface tension (»- = 32-69) the parachor for acetic an- 
hydride is found to be 225-5. The calculated value is obtained thus: 
4C= 19-2; 6H = 102-6; 1 double bond + 10= 43-2; 20+ 1 
double bond (as in the esters) = 60°0; total = 225-0. Acetic 
anhydride therefore gives a molecular volume value as if it were a 
ketonic ester. The parachor for acetic acid is fairly constant if it 
is calculated from Bennett’s values for the surface tension at 20° 
and 130° (J., 1915, 107, 315), and from Ramsay and Shields’s values, 
as corrected by Sugden (J., 1924, 125, 38), for other temperatures.* 
The following table is based on the foregoing data, together 
with a molecular weight of 60, and with Young’s values for the 
orthobaric densities : 

Temp. y: P (obs.). Temp. y: P (obs.). 

20° 27-90 131-5 190° 11-4 133-9 

130 17-01 132-6 220 8°71 134-9 

160 14-21 133-5 280 2-83 136-9 


* Ramsay and Shields’s value for y at 20° seems to be much too low; their 
corrected value at 130° is 17-05 (compare Bennett's 17-01). 
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Clearly the dissociation of the dimeric molecule occurs to a very 
slight extent up to temperatures well above the boiling point. 

The constancy in the values of K (total molecular surface energy) 
obtained from Ramsay and Shields’s values for the four higher 
aliphatic acids seems to indicate that in these acids also we have 
stable dimeric molecules at the ordinary temperature, e.g., butyric 
acid gives K = 1100, 1072, and 1088 for temperature ranges of 
16—46°, 46—78°, and 78—132°, respectively (Bennett and Mitchell, 
Z. physikal. Chem., 1913, 84, 475). 

Using Ramsay and Shields’s values for the aliphatic acids, and 
correcting them by the addition of 1 dyne, we obtain the following 
results for the observed parachors at 20° : 

P (obs.). P, (eale.). P, (cale.). A,. 
Acetic acid 131-5 141-2 138 —6-5 
Propionic acid 180-2 177 —6°5 


n-Butyric acid 208- 219-2 216 —7-4 
n-Valeric acid 248- 258-2 255 —6°3 


P, is calculated by summing the atomic constants + one double 
bond, as for the ordinary formula CH,-CO-OH; P, is the parachor 
calculated on the assumption that the two oxygen atoms have the 
same value as in the esters. A, is the difference (a contraction) 


between P (obs.) and P, (calc.), and A, is the corresponding differ. 
ence for the dimeric molecule. 

Although the data for the higher members may not be very 
accurate, yet there is distinct evidence that the structure of the 
associated dimeric molecule—an association which undoubtedly 
concerns the two carboxyl groups—involves a constant large con- 
traction in the observed molecular volume. On the basis of this fi 
evidence alone, it cannot be decided whether this contraction is 
partly or wholly due to the association, for the parachor is determined 
on the associated acid, and gives no information regarding the 
volume of the single carboxyl group. 

It is possible to account for these very large contractions on the 
assumption that the association involves single-electron linkings 
(Sugden, J., 1927, 1173). In this connexion two formule that 
have been proposed for the associated acetic acid are of interest: 
(1) (Hantzsch, Ber., 1927, 60, 1933), and (II) (Pfeiffer, “‘ Organische 
Molekiilverbindungen,’ 2nd Edition, p. 128). The calculated 
parachor for formula (I), if the dotted lines represent single-electron 


O \ ie Tea 
©) CHSC o<ti>0—C-CH, CHC eo Jocks m1 


co-ordination bonds, is 276 (see P,, above), plus 11-6 for a 4-men- 
bered ring, minus 24-8 for the two co-ordination bonds, i.¢., 262 
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wits, whereas the observed parachor is 263-0 (M = 120). This 
assumes that the two pairs of oxygen atoms have the same value 
asin the esters. Similarly for (II) we have for the calculated value 
282-4 (see P,, p. 1196), plus 5-8 for an 8-membered ring, minus 24-8 
for the two co-ordination bonds, i.e., 263-4 units. This does not 
assume the contraction for the two pairs .of oxygen atoms as in the 
esters. 

In spite of the good numerical agreement, it seems doubtful 
whether formule (I) and (II), involving 4-ring and 8-ring structures 
with two singlet-electron bonds, would account for the great stability 
of the dimeric molecules of the fatty acids, although both formule 
appear to be in agreement with other properties of acetic acid. 
Formula (I) has the character of an ester, and as such would account 
for the low dielectric constant, the non-reactivity of the carbonyl 
groups, and the large solubility values in petroleum. In both 
formule there would be no tendency to associate further than the 
dimeric molecule. 

It is of interest to compare the corresponding values for ethyl 
alcohol. Taking Richards and Carver’s results (J. Amer. Chem. Soc., 
1921, 43, 827) for the surface tension at 20°, and Ramsay and 
Shields’s corrected results for the higher temperatures, we have 
. Bthe following values : 

80° 110° 140° 170° 200° 230° 
126-7 128-7 128-1 129-4 130°1 130-9 132-9 
The theoretical value for ethyl alcohol is 132-2. It is evident that 
_ [the values increase more rapidly with rise in temperature than do the 
corresponding values for acetic acid, but apparently dissociation 
in the liquid is not complete even at 200°. A contraction also occurs 
here, and at 20° it is equal to — 5-5 units for the single molecule, 
or — 11 units for the double. This result is not inconsistent with 
the view that association of an alcohol takes place by co-ordination 
through hydrogen, if this is accomplished by a singlet co-ordination 
bond, i.e., C,H;-O-H--OH’C,H;. One such bond requires a 
Bcontraction of 12-4 units; this would mean, apparently, that the 
. Bethyl alcohol at 20° was, on the average, in the dimeric form. 

The Solubility of some C, Compounds in Saturated Hydrocarbons.— 
The greater solubility of ethyl ether than ethyl alcohol, and of 
etic acid than its anhydride, in saturated hydrocarbons is what 
would be expected from the dielectric constants: Ethyl alcohol 
associated) ey9- = 25-8, ether coq = 4-4, acetic acid (associated) 
ty = 6-29, acetic anhydride c.9- = 20-5. The associated hydroxyl 
groups in alcohols are more polar than the ethereal oxygen group. 
“Blhe association of the acid takes place differently, the residual 
RR2 
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affinity of the active groups being conjugated in such a way that 
the resulting compound is less polar than its anhydride. 

The Effect of Oxygen-containing Groups on the Solubility in Water 
of C, Aliphatic Compownds.—It should be possible to obtain important 
information concerning the structure of groups containing oxygen 
from a study of the solubility in water of the compounds containing 
them. Table V gives a list of some C, and C; compounds and their 
solubility in water at 20° (Landolt—Bérnstein, ‘‘ Tabellen ”’; Seidel], 
“ Solubilities of Inorganic and Organic Compounds ”’). (It would 


TABLE V. 


% 

Ethyl ether 7-0  <tsoButyric acid... ° Diethyl ketone ... 
Ethyl acetate ... 8: Methyl propionate , Acetylacetone . 
Acetic anhydride 12:0 Ethyl acetate , n-Valeric acid ... 
tsoButy] alcohol ' Propylformate ... 2: isoButy] formate 
Pe Lae ge 22-5 n-Butaldehyde... 3- Ethyl propionate 
Trimethylearbinol misc. tsoButaldehyde ... 10- Propionyl acetate 
n-Butyric acid ... misc. Methylethyl ketone 24- 


perhaps have been better to consider critical solution temperatures 
rather than solubility at a fixed arbitrary temperature, but very 
few data exist.) 

The carboxyl group is by far the most effective in promoting 
solubility in water; of the two butyric acids, one is completely 
miscible and the other has very great solubility (the C.S.T. of 
isobutyric acid is 24°). The carbonyl group is next in order of 
efficacy whether in ketones or in aldehydes, and the hydroxyl group 
appears to have almost the same effect (possibly a little less) if 
compounds containing a similar structure in the remainder of the & 
molecule are compared, e.g., isobutaldehyde with isobutyl alcohol, 
or methyl ethyl ketone with sec.-butyl alcohol. Ethereal oxygen 
has less effect than the hydroxyl group. It is unfortunate that we 
have no data for methyl propyl ether, for the position of the active 
group exercises a great influence on the solubility. Thus, we can 
arrange these groups in the order of their effect on the solubility 
in water as CO,H>CO>CH,°OH,CH:OH>—O-, there being little 
difference between CO and OH. 

When two or more of these groups are present in the same molecule 
certain interesting results are obtained. The introduction of the™ 
very active carbonyl group into ethyl ether, with formation off 
ethyl acetate, produces the very small increase of solubility from 
7% to 8-5%, and at the same time the dielectric constant is increased 
only from 4-37 to 5:85. It should be noted that, of the three 
isomeric esters, ethyl acetate has by far the largest solubility. 
This seems to afford very distinct evidence of that interaction 


ACETIC ANHYDRIDE AND RELATED SUBSTANCES, ETc. 1199 


tween the two oxygen atoms which results in the chemical in- 
xtivity of the carbonyl group in esters and produces a contraction 
inthe molecular volume (see above). This effect cannot be explained 
m the simple electronic theory if the octet rule is inviolable. 

On the introduction of a further carbonyl group, with formation 
itacetic anhydride, a marked increase in solubility is produced (8-5 
0 12°), and the dielectric constant is increased from 5-85 to 
5. In discussing this in relation to the parachor value for 
yetic anhydride (p. 1195), it was concluded that the results were 
wnsistent with the view that one carbonyl group was present and 
iso an ester group. ‘This view seems to be supported by the above 
data; but it must be pointed out that the solubility is still markedly 
ss than that of a compound, such as methyl ethyl ketone, which 
wntains only one carbonyl group, and also that acetylacetone, 
in which the two carbonyl groups are separated by ae CH, group, 
in spite of its containing one more carbon atom in the molecule, 
las a greater solubility (14°) than the anhydride and also a higher 
lilectric constant (23-0). This is remarkable when one considers 
te very large diminution in solubility produced by one additional 
bon atom in the molecule (compare, e.g., diethyl ketone and 
methyl ethyl ketone, n-valeric acid and n-butyric acid, Table V). 
One must conclude that there is marked conjugation between 
he three oxygen atoms in the molecule of acetic anhydride, a result 
hich is in agreement with the fact that this substance does not 
have chemically as if there were a free carbonyl group present. 
Ihe insensitiveness of a physical property such as the parachor to 
mctural changes which would have large effects on properties 
ih as solubility or chemical reactivity is well known, e.g., the 
urked difference in solubility of the isomeric butyl alcohols or 
,esters which possess the same parachor, or the identity in value 
it the double bond whether it is conjugated or not, as in ethylene 
nd benzene. 

On the introduction of a carbonyl group contiguous to a hydroxyl 
houp, ¢.g., isobutyl aleohol——>isobutyric acid, n-butyl aleohol—> 
butyric acid, an extremely large increase of solubility occurs. 
le resulting carboxyl group produces a much greater increase 
isolubility than does a single carbonyl group alone. (The corre- 
wnding decrease in dielectric constant is undoubtedly due to the 
wt that association into dimeric molecules occurs in the absence 

water.) On the other hand, that some mutual interaction does 

w between these groups is supported by the marked difference 
‘solubility between valeric acid (3-4°%) and acetylacetone (14%), 
ith C; compounds. This large solubility of the acids in water 
ould seem to be opposed to the view that the single carboxyl 
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group is a four-membered chelate ring. On the other hand, it does 
not give much support to the view that the non-reactivity of the 
carbonyl group in acids and esters is due to the same cause. 


East LONDON COLLEGE, 
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CLII.—Conversion of Hydroaromatic into Aromatic 
Compounds. Part II. Action of Bromine on 
5-Chloro- and 5-Bromo-1-phenyl-A*-cyclohexen- 
3-one. 


By Leonarp Eric HInKEL and DonaLD HoLroyDE Hey. 


WHEN chlorige acts on 5-chloro-1 : 1-dimethyl-A‘-cyclohexen-3-one, 
chlorinated hydroaromatic compounds result which can readily be 
transformed into aromatic compounds by simple means (Hinkel, J., 
1924, 125, 1847). The present investigation was undertaken not 
only to obtain analogous halogen compounds of diphenyl, but also 
to study the influence of the phenyl group in substituted dihydro- 
resorcinols and their derivatives. 

As in the case mentioned above, bromine is rapidly absorbed by 
5-bromo-1-phenyl-A*-cyclohexen-3-one (I), but, in marked contrast 
with the behaviour of 5-chloro-1 : 1-dimethyl-A*-cyclohexen-3-one, 


4 : 5: 5-tribromo-1-phenylcyclohexan-3-one can be readily isolated in | 


the solid state. This tribromo-ketone exists in two crystalline 
forms, which probably have the cis- and trans-configurations (II) 
and (III); one form is much less stable than the other and from a 
study of its decomposition would seem to have the structure (Ill). 


Ph Br Ph H 


| —CH,—Co | | -cH,—C 
SCH, ~—fie SCH CBr” | 


b H H Br 
(II.) (II1.) 


The two forms are readily interconvertible by crystallisation from 
either absolute alcohol or ether, the latter solvent giving rise to the 
unstable form. This form loses hydrogen bromide at room tempt: 
ature when kept for a few days (especially in ethereal solution); the 
more stable form requires several weeks before showing any apple 
ciable decomposition. The same decomposition can be readily 
accomplished by heating the tribromo-ketone, either alone or with 
alcoholic potash. In every case the product of the decompositiall 


8 dimin 
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consists of a mixture containing 5-bromo-3-hydroxydiphenyl, 
4: 5-dibromo-3-hydroxydiphenyl, and a small quantity of phenyl- 
dihydroresorcinol. Since the positions occupied by the bromine 
atoms in the tribromo-ketone are known, there can be little doubt 
that the diphenyl derivatives obtained from it have the structures 
assigned to them. Experiments are, however, in progress with the 
object of preparing these compounds synthetically. 

The removal of hydrogen bromide from 4 : 5 : 5-tribromo-1-phenyl- 
cyclohexan-3-one can occur in one of two ways to form the dibromo- 
hexenone (IV) or (V). Unlike the corresponding chloro-derivatives 


of dimethyldihydroresorcinol (Hinkel, loc. cit.), the intermediate 
dihalogen compound (V) cannot be isolated, it being immediately 
_Bitransformed into 5-bromo-3-hydroxydiphenyl, nor can the dibromo- 
hexenone (IV) be obtained from 4-bromo-1-phenyldihydroresorcinol 
(ompare Crossley and Le Sueur, J., 1903, 83, 110). As the com- 
pound (IV) could not give rise to 5-bromo-3-hydroxydiphenyl 
without undergoing an exceptionally drastic internal rearrangement, 
it seems probable that the loss of hydrogen bromide occurs at 
carbon atoms 5 and 6 of the tribromo-ketone, giving the compound 
(V) (compare Hinkel, loc. cit.), from which, by loss of hydrogen 
bromide from carbon atoms 1 and 4, 5-bromo-3-hydroxydiphenyl 
jcan readily be formed. | 

The presence of 4: 5-dibromo-3-hydroxydiphenyl among the 
products of the decomposition of the tribromo-ketone is explained in 
the following way. A constant product of the decomposition is 
phenyldihydroresorcinol, which must owe its origin to the presence 
of some 5-bromo-1-phenyl-A‘-cyclohexen-3-one (I) (this is readily 
hydrolysed to phenyldihydroresorcinol even by the moisture of the 
air; compare Boyd, Clifford, and Probert, J., 1920, 117, 1385). 
It would seem, therefore, that the tribromo-ketone decomposes to 
g¢small extent in yet a third manner, giving rise to 5-bromo-1-phenyl- 
.‘cyclohexen-3-one by loss of bromine. This bromine combines 
mth (V), giving an unstable tetrabromo-compound (VI) (compare 
Binkel, Joc. cit.), which can give 4 : 5-dibromo-3-hydroxydiphenyl by 
‘yg 8s of hydrogen bromide. 
if When the decomposition of the tribromo-ketone is effected by 
means of alcoholic potash, the yield of hydroxydiphenyl derivatives 
s diminished owing to the formation of a small quantity of 5-bromo- 
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3-ethoxydiphenyl (compare Crossley and Renouf, J., 1914, 105, 167); 
4 : 5-dibromo-3-ethoxydiphenyl is never produced under they 
conditions. (When a mixture of 5-bromo-3-hydroxydiphenyl anj 
4 : 5-dibromo-3-hydroxydiphenyl is treated with an alcoholic 
solution of hydrogen chloride, it is again only the monobromo. 
derivative which yields an ethoxy-compound.) 

The action of bromine on 5-chloro-1-phenyl-A*-cyclohexen-3-one 
(VII) gives rise to 5-chloro-4 : 5-dibromo-1-phenylcyclohexan-3-on 
(VIII), which resembles the tribromo-analogue in existing in q 
stable and an unstable form. In its decomposition with alcoholic 
potash, however, it yields a monobromo- and a monochloro-hydroyy. 


CHPh CHPh ~ CHPh 
f rai A~\ 
BrHG CH, H.C OH, ‘i H.C CH, 
Br,C CO cic co —> Bdc co 
we, V4 WA 
GHBr CH Youd 
(VI.) (VII.) (VIII.) 


diphenyl in molecular proportion, in addition to a mixture of 
dihalogen derivatives. The monohalogen compounds were identified 
through their ethoxy-derivatives. This result is in marked contrast 
with the behaviour of other chlorobromo-hydroaromatic compounds, 
from which liberation of hydrogen bromide always precedes that of 
hydrogen chloride (compare Crossley, J., 1904, 85, 264). 


EXPERIMENTAL. 


5-Bromo-1-phenyl-A*-cyclohexen-3-one (I).—30 G. of phenyldi. 
hydroresorcinol (2 mols.) were suspended in 100 c.c. of dry chlor- 
form and heated at 70° for 3 hours with 25 g. of phosphorus tr 
bromide (excess of 1 mol.); the chloroform was then evaporated. 
The residue was poured into water and extracted three times with 
ether. From the extracts, washed with 4% sodium hydroxide 
solution and with water and dried over calcium chloride, a substance 
was obtained which crystallised from alcohol in transparent, colow- 
less plates, m. p. 81:5° (Found: Br, 31-6. C,,H,,OBr requires 
Br, 31-9%). The ketone has an irritating effect on the skin, and whet 
kept in a moist atmosphere gradually reverts to phenyldihydr- 
resorcinol with liberation of hydrogen bromide. 

4:5: 5-Tribromo-1-phenyleyclohexan-3-one—6-4 G. of bromine 
(1 mol.), dissolved in 22 c.c. of chloroform, were added to a well 
cooled solution of 10 g. of 5-bromo-1-phenyl-A*-cyclohexen-3-0n! 
(1 mol.) in 30 c.c. of chloroform; rapid absorption of the bromite 
soon occurred, with rise in temperature. The chloroform wa 
evaporated in a current of dry air at room temperature and the solid 
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residue was dissolved in warm alcohol, from which it crystallised in 
sheaves of large, white needles, m. p. 82° (decomp.) (Found: Br, 
58:2. C,,.H,,OBr, requires Br, 58-4°%). The needles can be kept 
in a dry atmosphere for several weeks without suffering much 
decomposition. Crystallisation from ether gives transparent prisms, 
which also melt at 82°, and show appreciable decomposition with 
liberation of hydrogen bromide after being kept for 1 day. 

Action of heat. 12 G. of the tribromo-ketone were gently heated 
on the water-bath until the evolution of hydrogen bromide ceased. 
The dark semi-solid product was triturated with ether and the small 
quantity of phenyldihydroresorcinol which separated was removed 
by filtration. The filtrate on evaporation left a brown, oily residue, 
which was dissolved in light petroleum (b. p. 40—60°). After slow 
evaporation in the cold, the solution deposited white crystals. 
These were separated from the liquid (filtrate A), washed with light 
petroleum, and recrystallised from that solvent, 4 : 5-dibromo-3- 
hydroxydiphenyl separating in clusters of small, white needles, m. p. 
81° (Found: Br, 48°7. C,.H,OBr, requires Br, 48-8%). The 
benzoyl derivative, formed in the usual manner, crystallised from 
alcohol in small, white needles, m. p. 104° (Found: Br, 36-9. 
C,»H,,0,Br, requires Br, 37-0%). 

Filtrate A. The light petroleum was removed by evaporation, 
and the residual oil distilled in a vacuum, 5-bromo-3-hydroxy- 
diphenyl being obtained as a colourless oil, b. p. 208—210°/11 mm. 
(Found: Br, 31-9. C,,H,OBr requires Br, 32:1%). The benzoyl 
derivative crystallised from alcohol in clusters of small needles, 
m. p. 108° (Found: Br, 22-85. C, )H,,0,Br requires Br, 22°7%). 

Action of alcoholic potassium hydroxide. A 20% solution of 
potassium hydroxide was gradually added to an alcoholic solution 
of 20 g. of the tribromo-ketone, until the supernatant liquid remained 
alkaline after being gently warmed on the water-bath for a few 
minutes. Most of the alcohol was then removed by warming under 
diminished pressure, and the mixture was diluted with water, 
acidified, and shaken with ether, which extracted a dark liquid only 
partly soluble in aqueous sodium hydroxide. The insoluble portion 
was crystallised from alcohol, 5-bromo-3-ethoxydiphenyl separating 
in white clusters, m. p. 70—71° (Found: Br, 28-7. C,,H,,OBr 
requires Br, 28-99%). This compound can also be obtained by 
warming an alcoholic solution of 5-bromo-3-hydroxydiphenyl in 
presence of hydrogen chloride. As 4 : 5-dibromo-3-hydroxydiphenyl 
does not readily form an ethoxy-derivative under similar conditions, 
this serves as a convenient method for the separation of the two 
hydroxy-derivatives. 

The alkaline filtrate from 5-bromo-3-ethoxydipheny] was acidified, 
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and ether then extracted a brown viscous oil, which consisted of 
mixture of 5-bromo-3-hydroxydiphenyl and 4 : 5-dibromo-3-hydr. 
oxydiphenyl, the separation of which was effected with light 
petroleum as described above. 

5-Chloro-4 : 5-dibromo-1-phenylcyclohexan-3-one (VIII).—20 G. 
(1 mol.) of 5-chloro-1-phenyl-A*-cyclohexen-3-one (Boyd, Clifford, 
and Probert, J., 1920, 117, 1383) in 40 c.c. of chloroform were 
brominated with 16 g. of bromine (1 mol.) in 50 c.c. of chloroform 
under the conditions described on p. 1202. The product crystallised 
from warm alcohol in semi-opaque, prismatic crystals, m. p. 98-5° 
(Found: Br, 43-5; Cl, 9-3. C,,H,,OCIBr, requires Br, 43-7; (1, 
9-7%). When crystallised from alcohol, the compound is compar. 
atively stable and can be kept for several weeks in a dry atmosphere, 
It crystallises from ether in transparent, rhombic crystals, m. p. 
88-5°, which evolve hydrogen bromide gradually at room temper. 
ature and rapidly when warmed. They can be reconverted into the 
stable variety by crystallisation from alcohol. 

Action of alcoholic potassium hydroxide. The reaction was carried 
out as described on p. 1203 and yielded a liquid product a portion of 
which was insoluble in aqueous sodium hydroxide. This portion 
crystallised from alcohol in clusters of small, white needles, m. p. 
68—69°, and consisted of a mixture of 5-chloro- and 5-bromo- 
3-ethoxydiphenyl in molecular proportion (Found : Br, 15-7; Cl, 7-0. 
A molecular mixture of C,,H,,O0Br and C,,H,,OCl requires Br, 15:7; 
Cl, 70%). The alkaline solution containing 5-chloro- and 5-bromo- 
3-hydroxydiphenyl, in addition to dihalogenohydroxydiphenyls, 
was not further examined. 


UNIVERSITY COLLEGE, SWANSEA. [Received, February 24th, 1928.] 


CLIII.—The Inhibition of Esterification by Pyridine. 


By Kennetu CLaupE BalLry. 


THE velocity of reaction of ethyl alcohol and acetic acid to form 
ethyl acetate and water is diminished by the addition of minute 
quantities of pyridine, the diminution being marked even with 
3 parts (by volume) of pyridine per million parts of solution. Under 
the experimental conditions employed, an esterification of 3-1% 
in 6 hours, in the absence of any negative catalyst, was reduced 
to about 1-7°% by addition of about 70 parts of pyridine per million; 
but further addition (up to 800 parts per million) only reduced 
esterification to 1-37%. 
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These results seem to indicate that the reaction takes place in 
two ways, probably (a) in the body of the liquid, and (6) on the 
surface of the containing vessel. If one assumes that the surface 
reaction is more likely to be inhibited by small traces of a negative 
catalyst—an assumption justified by the data given later—the 
results suggest that esterification takes place in manner (a) to the 
extent of about 1-7%, and in manner (b) to the extent of about 
14%. 

The effective surface was increased by the insertion of glass 
tubes, the total surface area of which was approximately the same 
as that of the vessel. Esterification, in the absence of pyridine, 
now reached 4-7%, the increase of 1-6% being ascribed to the 
increased surface. By addition of about 300 parts of pyridine 
per million the esterification was once more reduced to 1:7%, 
the addition of further pyridine having comparatively little 
effect. 

The glass surface possesses, no doubt, a limited number of active 
points at which reaction takes place. These can be preoccupied 
by pyridine molecules, even when the concentration of pyridine in 
the body of the liquid is small. The effect of pyridine on the liquid 
reaction depends, however, on its absolute concentration, and is 
therefore small unless the concentration of pyridine is consider- 
able. With increased surface, a greater amount of pyridine is 
necessary to saturate the active points, but the extent of liquid 
reaction, after the surface reaction has been eliminated, is 
approximately the same. 

Experiments are being carried out with a view to elucidate the 
mechanism by which the surface reaction is inhibited by pyridine. 


EXPERIMENTAL. 

The physical constants of the reagents employed were as follows : 
Ethyl alcohol, d 0-794 (99%); acetic acid, redistilled, b. p. 116— 
118°; pyridine, dried with potassium hydroxide and distilled, b. p. 
114°. Three mols. of ethyl alcohol were used to one mol. of acetic 
acid. 

The duration of each experiment was six hours, during which the 
temperature could be accurately controlled, and the temperature 
coefficient was determined. The vessel employed (volume about 
110 ¢.c.; surface area about 112 sq. cm.) was approximately 
spherical, with a ground glass stopper which fitted closely, but 
permitted the escape of vapour as the liquid expanded. The vessel 
was thus always completely, or almost completely, full of liquid. 
In the following tables the esterification is given as percentages of 
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acetic acid esterified, and the concentration of pyridine as parts 
per million parts of solution. 


S 


SO 
—) 
o 


Parts of pyridine per million. 


- —————_— ’ 
0 .—__——— SSS a 
4°7 3 
Esterification, %. 


Change of velocity with temperature (no catalyst). 
Temperature 31-9° 33°1° 39-6° 41-6° 44-1° 47-7° 
Esterification, % ... 1-70 1:98 2-67 2-84 3°16 4:11 

A curve was drawn, from which the results of subsequent experi- 
ments were corrected for small variations of temperature. 


Effect of addition of pyridine (Curve I); temperature 43°. 


Nil 3 8 11 24 50 200 800 


Cone. of pyridine ... 
2:31 2:09 1:78 1-60 1:37 


Esterification, % ... 3:12 2°57 2°41 
A second series of similar experiments, carried out with different 
specimens of alcohol and acid, gave a curve almost identical with 


Curve I, thus: 


Cone. of pyridine vi 16 400 
2.15 l . oy A 


“72 


Esterification, % 
Effect of increasing the glass surface (Curve II). 
Eight small glass tubes (total surface area about 112 sq. cm.) 
were inserted, to double the effective surface area of the vessel. 


Conc. of pyridine 13 38 96 320 
Esterification, % . 3°28 2-49 1-94 1-69 
The author wishes to express his thanks to Mr. W. E. Lewis, B.A., 
by whom some preliminary experiments were performed. 
TRINITY COLLEGE, DUBLIN. [Received, March 20th, 1928.] 
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CLIV.—Some Experiments on Intensive Drying. 
By Ronatp HERBERT PURCELL. 


1. The Influence of Drying on the Reduction of Copper and Bismuth 
Oxides by Carbon Monoxide. 


Mucu work has been done on the reduction of metallic oxides by 
carbon monoxide and hydrogen (Jones and Taylor, J. Physical 
Chem., 1923, 27, 623), but the effect of removing the last traces of 
water from the reactants has not previously been demonstrated. 
In the present paper the effect of drying on the reduction of copper, 
bismuth, mercury, and silver oxides by carbon monoxide is described ; 
the influence of introducing a small quantity of dry impurity has 
been investigated in the case of copper oxide; and lastly, the 
reduction of copper oxide by hydrogen has been examined. 

The carbon monoxide was prepared by the interaction of pure 
redistilled formic and sulphuric acids in an all-glass apparatus, which 
was a modified form of that used by Tramm (Z. physikal. Chem., 
1923, 105, 356). The gas was washed by two cylinders of alkaline 
pyrogallol, and then partially dried by pure sulphuric acid. All 
glass apparatus used was cleaned by filling with nitric-chromic acid 
mixture which was kept hot for 12 hours. After standing for 
a further 12 hours, the apparatus was washed out with distilled 
water, and steam, generated in an all-glass apparatus from dis- 
tilled water, was passed for 2 hours. Finally, the apparatus was 
washed with conductivity water and dried in a current of dry air. 

The copper oxide was prepared by oxidising pure copper foil in a 
current of carbon dioxide-free air, the copper being heated to redness 
in an electric furnace, and precautions being taken to prevent any 
contamination from the walls of the silica furnace. After being 
powdered in an agate mortar, the oxide was dried in an apparatus 
made from Jena combustion glass (Fig. 1), 0-2 g. being placed in each 
of the side tubes 6, and the apparatus connected via a mercury trap 
to the vacuum pumps. These, which were used throughout the 
research, consisted of a Vitreosil mercury-vapour pump anda Hyvac 
oil-pump. After a preliminary evacuation, some pure phosphoric 
oxide, sublimed in oxygen at 200° and therefore crystalline and not 
powdery, was introduced into the side tube C, which was at once 
resealed. The pumps were again started and, apart from the 
phosphoric oxide compartment, all glass parts were thoroughly 

baked out. The apparatus was sealed off at the constriction a, and 
the side tubes were placed in an oven where they were continuously 
heated at 450°, the phosphoric oxide compartment being meanwhile 
cooled in water. When dry, the bulbs of copper oxide were drawn 
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off at the constrictions (c’, c’’) and sealed into tubes of the form 
shown in Fig. 2, which could be filled with carbon monoxide. The 
tubes were cleaned, dried, and connected to the carbon monoxide 
generator and the pumps. After a preliminary evacuation the 
apparatus was filled with gas. The end of the tube (C) was cut off 
and, after the introduction of some pure phosphoric oxide, immedi. 
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being held below the reaction tube so that none of the drying agent 
was thrown on the copper oxide. The reduction was followed by the 
change in colour of the oxide, and since the carbon monoxide was 
always in excess a mass of red copper was the final product. 

Comparison tubes were made in which the phosphoric oxide was 
omitted. In these the copper oxide was completely reduced by 
heating at 100° for 90 minutes or at 150° for 10 minutes. When the 
dry tubes were examined it was found that the temperature required 
for reaction increased with the time of drying, until a maximum was 
reached, beyond which further periods of drying had no effect. For 
instance, after the copper oxide had been dried for 10 days and the 
carbon monoxide for 7 days, the copper oxide was only reduced 
after 20 hours at 100° and 90 minutes at 180°. When both the 
reactants had been dried for a month, reduction would only take 
place at 425°, and was then complete in 15 minutes. Tubes have 
been examined in which the carbon monoxide has been dried for 18 
months and the copper oxide for 6 months, but the oxide was always 
reduced at about 425°. 

The above experiments were repeated under the same conditions 
with pure bismuth oxide. In the undried comparison tubes the 
reduction was complete in 2} hours at 175° and in a few minutes at 
250°. Again it was found that drying decreased the rate of reaction 
and that the temperature required for reduction increased to a 
maximum at 430° after 10 weeks’ drying. 

There are two possible explanations of the above results. Either 
the oxides react with carbon monoxide at 430° in the absence of 
water, or appreciable amounts of water are given off by the glass or 
copper oxide at that temperature. It is possible that the dry 
carbon monoxide is decomposed into carbon dioxide and carbon on 
the surface of the oxide, and reduction is effected by the carbon so 
deposited, since carbon monoxide is known to be decomposed on 
catalytic surfaces at considerably lower temperatures (Cleminson 
and Briscoe, J., 1926, 2148). The liberation of water from such a 
hard glass is improbable at this relatively low temperature, especially 
in view of the fact that increases in the temperature to which the 
tubes were heated during drying did not affect the temperature 
required for reduction. 


2. The Reduction of Mercuric and Silver Oxides by Carbon Monoxide. 


The mercuric oxide was prepared from the metal (purified by 
prolonged agitation with dilute nitric acid and then thrice distilled) 
by heating it at 425° in a hard-glass tube with oxygen, which was 
drawn from a cylinder, passed through a soda-lime tube and a 
cotton-wool filter, and maintained at 5 atmos. pressure. After a 
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week’s heating, the mercuric oxide formed was removed and ground 
in an agate mortar, any free mercury being removed by heating to 
360° in a stream of oxygen. 

The oxide was dried in the usual glass apparatus, which was then 
evacuated, all glass parts being baked out when possible. After 
sealing off from the pumps, attempts were made to dry the oxide by 
maintaining it at temperatures between 100° and 300°. When it 
was thought to be dry, the side tubes were drawn off and sealed into 
outer tubes which were filled with carbon monoxide. In comparison 
tubes, from which the phosphoric oxide was omitted, it was found 
that reduction was rapid at 180°, and this temperature was therefore 
chosen for examining the dry tubes. Although the oxide was dried 
for periods of up to 8 months and the gas for one year, in no case was 
any appreciable difference observed between the dry tube and the 
damp comparison tube that was heated with it. 

Silver oxide was prepared by mixing equimolecular solutions of 
recrystallised baryta and silver nitrate in conductivity water. The 
precipitate was rapidly filtered off, washed with conductivity water, 
and dried over phosphoric oxide in a desiccator. The oxide obtained 
was reduced by carbon monoxide within 30 minutes at room tem- 
perature. Small amounts of it were placed in the usual drying 
tubes, which were exhausted with cautious heating. Attempts 
were made to dry the oxide by keeping it for as long as 18 months at 
15°, 100°, or 200°, and the bulbs were then sealed into outer tubes 
in which the carbon monoxide was dried for as much as 6 months. 
Again, however, it was impossible to detect any change in the rate 
of reduction on drying. 


3. The Influence of a Dry Third Substance on the Reduction of Copper 
Oxide by Carbon Monoxide. 


It is of importance to determine how far other substances can act 
as catalysts in the absence of water, and an attempt has been made 
to test this in the above reaction, the effect of introducing small 
amounts of sulphur dioxide, bromine, ether, alcohol, or benzene 
being observed. 

These substances were dried in the apparatus shown in Fig. 3. 
Some pure phosphoric oxide was placed in bulb a, and some of it was 
sublimed in a stream of dry oxygen into each of the small bulbs. 
The liquids used were samples of pure materials that had been 
previously used in intensive-drying experiments. A small quantity 
was placed in the flask and the neck was sealed off. The apparatus 
was exhausted while the liquid was cooled in a freezing mixture. 
After sealing off at C from the pumps, the bulbs were sealed off at 
the capillaries (6, b’), so that they contained about 2 c.c. of the 
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vapour. With sulphur dioxide, the bulbs were alternately exhausted 
and filled with gas, and then sealed off so that they contained about 
le.c. of gas at N.T.P. After drying for about 2 months, the bulbs 
were sealed into outer tubes as shown in Fig. 4, a bulb of dry copper 
oxide being placed in the other limb. 


e by The tubes were cleaned and filled with carbon monoxide, the 
n it § phosphoric oxide being placed in the compartment with the foreign 
into substance. Ten tubes were thus prepared, two fer each substance. 


After drying, the bulbs were broken by the weight K and the copper 


ison 
und oxide bulb by shaking. The copper oxide in the tubes was then 
fore ff heated at 100° for 24 hours without reduction occurring. There was 


also no change on heating for 6 hours at 175°, but after 30 minutes 
at 225°, the oxide in those tubes containing alcohol, ether, and benz- 
ene was reduced. The tubes containing sulphur dioxide and 
bromine were heated without change for 30 minutes at 275°, 325°, 


of and 375°, but at 425° the oxide was reduced in each case. Thus 
‘he sulphur dioxide and bromine have no power to act in the place of 
er, water in this reaction, and the organic vapours appear to catalyse 
ed it, though not so efficiently as water. Two possibilities have to be 
m- considered; the liquids may begin to undergo incipient decom- 
ng position with the copper oxide, or they may have been insufficiently 
Its dried, the water introduced with them making the reaction appreci- 
at ably rapid at 225°. 
es 
s. 4. The Reduction of Copper Oxide by Hydrogen. 
te The hydrogen was prepared by electrolysis of a solution of baryta 
that had been recrystallised ten times and was free from chloride. 
It was found that the best form of electrolytic vessel was a U-tube 
a with platinum electrodes let in from the top, so that the tube could 
be cooled by water on the outside. The hydrogen was passed over 
t red-hot copper gauze and dried with phosphoric oxide, the gas flow 
e being controlled by a mercury-sealed tap lubricated with phosphoric 


acid. The copper oxide was dried as previously described, and was 
sealed into tubes of the form shown in Fig. 5. 

This apparatus was connected to the hydrogen generator through 
a mercury-sealed ground glass joint. A mercury trap and a phos- 
phoric oxide tube prevented air diffusing back. The hydrogen was 
passed for 4 hours, the glass walls being meanwhile heated. The 
tube was sealed off while warm at the capillaries G and H, so that - 
the gas was under slightly reduced pressure on cooling. The bulb 
of phosphoric oxide, B, was broken by the breaker, K, and the 
compartment containing the copper oxide bulb was kept at 400°. 
When a tube was thought to be dry, it was separated at the con- 
striction A, and the bulb of copper oxide broken. It was then 
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heated together with an undried comparison tube. With periods 
of drying up to 2 years no differences have been observed in the time 
of reduction of the damp and the dried materials. 


5. A Quantitative Study of the Reduction of Copper Oxide by 
Carbon Monoxide. 


In the previous experiments the reaction could only be approxim. 
ately followed bysthe colour change or by estimation of the carbon 
dioxide formed after heating for a certain time. Further information 
was required about the speed of the reaction when it had been 
materially diminished by drying. This was obtained by passing a 
stream of dry carbon monoxide over the dry copper oxide and 
analysing the issuing gas which was collected in 10 c.c. samples, 
The amount of carbon dioxide in any one sample was regarded as 
proportional to the mean speed of reaction in the interval while that 
sample was being collected. An elaboration of the apparatus used 
by Baker for the combustion of carbon in oxygen was employed for 
this purpose (Proc. Roy. Soc., 1888, 45, 1). The carbon monoxide 
was stored over concentrated sulphuric acid and the gas from this 
reservoir displaced that from a large flask where it had been dried 
over phosphoric oxide. This dry gas displaced the intensively 
dried gas in a second and a third bulb. After passing through a 
mercury trap to prevent diffusion back into the bulb, it was passed 
over 1 g. of copper oxide in a boat that could be heated in an electric 
furnace. A small pump ensured regular flow of the gas, and the 
mercury valve of this also prevented water vapour diffusing back to 
the copper oxide. The copper oxide was dried in situ by heating 
to 400° in a vacuum with a phosphoric oxide tube attached. 

If the copper oxide were not intensively dried a normal reduction 
curve was observed. This can be divided into a short period of 
induction when little or no carbon dioxide is formed, a period when 
the reduction proceeds at a rapidly increasing rate, and finally a 
decrease as all the copper oxide becomes reduced. When the 
reactants were dried, the amount of carbon dioxide formed was 
much less and it did not become greater with the time. Table I 
shows the amounts of carbon dioxide found in the issuing gas at the 


TABLE I. 
Temperature of Oxide, 150°. 
90 120 150 195 
0-5 0-4 0-6 
Temperature increased to 196°. 


330 350 360 371 
4:4 5:0 5°5 
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eriods 
e time 


siven time (in minutes from the beginning of the experiment), the 
reactants having been dried for 7 days. Table II shows the normal 
curve obtained with the same sample of oxide. 


by 
. Tasre II. 
oxim.- Temperature of Oxide, 150° (undried). 
arbon fH Time ......-..++. 9 15 30 42 60 87 101 
atitats 10, % @s-- 0050 0-5 1-4 3-0 90 17-0 25-0 
been Table III gives the constant percentages of carbon dioxide 
ing 4H obtained in comparable experiments at different temperatures. 
- and Hf The period of drying was in each case one week and the same sample 
aples. fF of oxide was used. 
= TaBe III. 
0 . . . fe 

used BH etp ot GO wccccccccree 160° 160° 180" 195° 
d for 
yxide Thus it is shown that with the dried reactants the speed of reduc- 
this @ tion depends on the temperature and the amount of water present. 
ried @ The copper formed does not appear to catalyse the reaction when 
ively there is only a very little water vapour present, although it does so 
gh a when the system has not been dried (Jones and Taylor, loc. cit.). 
= 6. The Effect of Intensive Drying on the Union of Mercury 

the and Oxygen. 

k to Although mercury can be obtained in a pure state and its physical 
ting properties are changed by drying (Baker, J., 1922, 121, 568), it has 

not been possible to change its chemical reactivity. Similar 

tion | negative results have been obtained with some of its compounds; 
1 of for instance, Baker has found that mercuric oxide decomposes at a 
hen normal rate after 20 years’ drying, and, as shown earlier, dry 
ya mercuric oxide and carbon monoxide reacted normally. Conse- 
the | quently, an attempt was made to observe any change in the rate of 
vas [ft formation of the oxide from its elements. 

el The mercury was purified as previously described and 50 c.c. 
the were placed in the bulb A of the apparatus shown in Fig. 6. Some 


pure phosphoric oxide was introduced into the side tube B, which 
was at once sealed off. The apparatus was baked out under vacuum 
and then sealed off at the constriction D. During the period of 
drying the mercury in A was heated so that it continuously distilled 
and condensed in the upper part of the tube. Samples of the dry 
mercury were sealed off in the side tubes C, C’, and these were 
sealed into larger tubes similar to those shown in Fig. 5. 

‘The oxygen was prepared by the electrolysis of baryta in an 
apparatus like that employed for hydrogen. Traces of hydrogen 
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were removed by passage over red-hot copper oxide. The gas was 
roughly dried by a flask containing concentrated sulphuric acid, and 
the flow controlled by a mercury-sealed tap lubricated with phos. 
phoric acid. 

The tube to be filled was connected to the vacuum pumps and to 
the oxygen generator via a glass diaphragm that could be broken 
when required. Pure phosphoric oxide was placed in its compart. 
ment, which was then sealed off. The tube was baked out in a 
vacuum, the pumps were sealed off and, after the diaphragm had 
been broken, filled with oxygen to alittle below atmospheric pressure, 
and the tube was sealed off and heated to 450° to accelerate drying, 
the phosphoric oxide compartment being meanwhile cooled. After 
10 days’ heating, the drying of the tube was continued at room 
temperature. Each tube was examined by drawing off the phos. 
phoric oxide bulb and breaking the tube of mercury; it was then 
heated together with a damp comparison tube at 400° for 30 minutes 
and the amounts of oxide formed were compared. Even after 6 
months’ drying it has not been possible to detect any difference in 
the rate of formation of the oxide. 

Water has been shown to be necessary for a great variety of 
chemical reactions (H. B. Baker, J., 1894, 65, 622, et seq.), but it is 
not known what reactions, if any, take place in the absence of water, 
for failure to observe any change in the velocity of reaction may 
equally well be ascribed to imperfections in technique. In con- 
sidering the above results, one is justified in assuming that mercuric 
oxide is formed from its elements and reacts with carbon monoxide 
while in a very dry state. It is, however, incorrect to assume that, 
because a substance is ‘‘ dry ” with respect to one reaction, there is 
not enough water there for another to proceed normally. This is 
known not to be the case. For example, carbon monoxide does not 
explode with oxygen after passing through sulphuric acid, yet a 
month’s drying over phosphorie oxide is necessary to prevent its 
reducing copper oxide. Also, although Coehn and Tramm have 
found that samples of hydrogen and oxygen, which did not explode 
on heating, combined at a normal rate in ultra-violet light, yet 
Baker and Carlton (J., 1925, 127, 1990) have shown that the photo- 
chemical combination can be influenced by drying. The accumul- 
ation of negative results for mercury and its compounds does, how- 
ever, indicate that they can react in the presence of unusually small 
amounts of water, a result which is being tested by still further 
experiments. 


The author wishes to express his sincere gratitude to Professor 
H. B. Baker, under whose direction these experiments were carried 
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out; also to thank the Board of Scientific and Industrial Research 
for a maintenance grant, and Messrs. Brunner Mond, Ltd., out of 
whose grant some of the apparatus was bought. 


Royat CoLLEGE oF SCIENCE, 
Lonpon, S.W. 7. [Received, February 28th, 1928.] 


CLV.—The Determination of Volatile Matter in Coke. 


By FREDERICK JOHN Eaton and Stuart PEextTon. 


DuRING certain investigations upon the reactivity of coke it was 
found necessary to determine accurately the content of volatile 
matter. The method of the American Society of Testing Materials 
(1924, D, 37, 1018) and a method adapted from the Bone and 
Silver method for coals (J., 1921, 419, 1145) were examined. In 
the former method the coke, in a platinum crucible, is heated in 
an electric furnace at 950° (Fieldner, U.S. Bureau of Mines, Tech. 
Paper No. 76), but no special precautions are taken to prevent 
losses in weight due to oxidation, although Fieldner (ibid., p. 20) 
states that when the same method is used for coal, where oxidation 
is minimised by the presence of a reducing atmosphere in the 
crucible, oxidation losses amount to less than 0-3%. In the 
adapted Bone and Silver method, coke is heated in a silica tube 
filled with nitrogen until evolution of gas ceases; a disadvantage 
of this method is that, owing to the low conductivity of silica, the 
test is prolonged and the final temperature of the coke uncertain. 

The following method has been found to combine the rapidity 
of the first method with the trustworthiness of the second. 

Apparatus.—The apparatus is shown in section in Fig. 1. The 
platinum crucible is suspended by nichrome wire from a monel 
metal cap, so that when in position in the electric furnace the 
thermocouple junction touches the base of the crucible. Nitrogen 
is fed at a steady rate (200 c.c. per minute) into the furnace through 
a cap sealed by the sand lute and escapes through the silica tube 
which carries the thermocouple. 

Procedure.—1-1 G. of the sample, ground to pass a 70-mesh sieve 
(I.M.M. Standard), are weighed into a small test-tube and then 
dried for 1 hour at 120—130°. After cooling in a desiccator, the 
coke is weighed in a tared platinum crucible protected from moisture 
by a porcelain lid, which is used instead of the platinum lid because 
the weight of the latter, when in the furnace, is affected by particles 
of sand falling from the lute. 

Air is displaced from the furnace tube by a current of nitrogen, 
and the platinum crucible, closed with a tightly fitting platinum 
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lid, is introduced into the furnace. The heating current is con. 
trolled by an external resistance so that the initial temperature 
of 950° + 10° is regained after one minute. After 2 minutes the 
temperature should be stationary at 950° + 2°. The temperature 
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is recorded every 10 seconds for the remaining 5 minutes. At the 
end of 7 minutes the crucible is withdrawn and placed on a slab 
of brass (to ensure sudden cooling) in a desiccator. When cold 
the crucible is reweighed with the porcelain lid. The loss in weight 
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expressed as a percentage by weight of the original coke represents 
the volatile matter. 

If the determination is carried out as directed, the variations in 
the percentage obtained should not exceed + 0-05. Particular 
attention must be paid to the fineness of the sample, prevention 
of absorption of moisture during weighing, accurate temperature 
control, and the brightness of the crucible. 

The new method possesses the following advantages: (1) Errors 
due to oxidation are avoided by heating in a current of nitrogen, 
and it is therefore possible to obtain comparable results with cokes 
of different reactivities towards oxygen. (2) The temperature of 
heating is accurately known, since the thermocouple junction is 
placed close to the base of the platinum crucible. (3) The method 
is rapid, since the coke is heated in a platinum crucible which has a 
high heat transmission and low heat capacity, and the coke rapidly 
attains a temperature of 950°. 

The following table gives examples of the results obtained for 
the percentage of volatile matter. 


Adapted Bone and Silver 


method : 
10 minutes’ 60 minutes’ American Authors’ 
Sample. heating. heating. method. method. 
A 1-37, 1-18, 1-30, 1-86, 1:71 3-02, 2-92, 2-76, 1-52, 1°55, 1-58, 
1-67 2-66, 2-58 1-59 
B* 1-86, 1-81 2-5,3°12 7°84, 7-34, 7-52 2-56, 2-5, 2°61 
C 1-74, 1-8 2-2, 2-36 3°06, 3-04 1-98, 1-92, 1-92, 
1-92 
D 0-92, 0-94 1-63, 1-73 4-4, 4-42 1-78, 1:76 
E 0-75 0-94, 1-08 2-8, 2-76 1-03, 1-02, 1-06, 
1-03 
* This sample was a specially reactive coke. 
THE Gas Ligut AND COKE Co., 
Lonpon. [Received, February 29th, 1928.] 


CLVI.—The Nature of the Alternating Effect in Carbon 
Chains. Part XXV. The Mechanism of Aromatic 
Side-chain Substitution. 

By CHRISTOPHER KELK INGOLD and EUGENE ROTHSTEIN. 


THE general problem of the influence of nuclear substituents on 
reactions in side chains attached to an aromatic nucleus is greatly 
simplified by the assumption that side-chain reactions fall into two 
main categories, in one of which (type A) facilitation occurs by 
the influa of electrons towards, and in the other (type B) by a 
recession of electrons from, the side chain concerned. Theoretically, 
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each of these types requires further subdivision. For instance, 
the circumstances of the general mechanism A would obtain if in 
the first stage * of reaction a potential anion became ionised or 
dissociated (type A,); equally, they would obtain if, in the first 
stage, a potential (or actual) cation became attracted or co-ordinated 
(type A,). Again, the conditions required for mechanism B would 
be present, either if a potential cation were initially ionised or 
dissociated (type B,), or if a potential (or actual) anion were initially 
attracted or co-ordinated (type B,). As an example, two mechan- 
isms are possible for the hydrolysis (or alcoholysis) of benzyl chloride: 


—> C,H,°CH,}Cl Gz CeH,CH,-OH + H{Cl (type 4,) 


C,H,°CH,Cl . 
(ns re a she C,H;-CH,-OH +Cl’ (type B,) 
and the probable assumption that the first predominates in neutral 
or acid solution, whilst the second supervenes in strongly alkaline 
solution, removes the apparent inconsistency between the results 
of Franzen and Rosenberg on the alkaline decomposition (J. pr. 
Chem., 1920, 101, 333) and those of Olivier and Berger (Rec. trav. 
chim., 1923, 42,775; 1927, 46, 605) on the acid hydrolysis of benzyl 
chloride and its nuclear substitution products. Other applications 
of the above classification of side-chain reactions have been given 
elsewhere (Ann. Reports, 1927, p. 155). 

The substitution of halogen, nitroxyl, etc., for a side-chain 
hydrogen atom might a priori belong to either of the two main 
categories, for substitutions analogous to both types are known 
in Organic Chemistry. For instance, nuclear aromatic substitution 
is a process analogous to A, since it requires available electrons 
at the point of reaction: the initial process is to attract a potential 
cation (e.g., entrant Hal or NO,) and thus the order of facilitation 
by substituents is NH,>OMe>Me>H, etc. On the other hand, 
the «-halogenation of carbonyl compounds is analogous to B, since 
it requires the recession of electrons from the point of substitution : 
the initial process is to split off a cation (viz., H+) (compare Orton, 
Hughes, and Watson, J., 1927, 2461), so that the order of facilitation 
is COMe>COCI>CO,H>H, etc. (compare Ingold, Shoppee, and 
Thorpe, J., 1926, 1477). 

If mechanism B (prior ionisation of hydrogen) were to operate 
in the side-chain halogenation of toluene and similar substances, 
there are few substituents which would facilitate its action more 
strongly than an o- or a p-nitro-group, for o- and p-nitrotoluenes are 


* In the absence of evidence that intermediate products are present in 
appreciable concentration during the progress of a reaction the first hypo- 
thetical stage may be regarded as the rate-determining stage. 
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known to undergo reactions indicating that their side-chain hydrogen 
is prone to ionisation; indeed, these compounds even exhibit 
certain similarities to nitromethane and other pseudo-acids. A 
m-nitro-group would also be expected to exert a facilitating action, 
but it would be much weaker (Ingold and Shaw, J., 1927, 2918) and, 
accordingly, the nitro-group in nitro-p-xylene (formula below) 
should orient side-chain substitution in the direction of the group 
marked (6). On the other hand, if the mechanism were of type A 
(prior attraction of potential cation by electrons), it should be 
inhibited very strongly by an o- or a p-nitro-group, and only toa much 
smaller extent by a m-nitro-group (ibid.), and thus in nitro-p-xylene 
predominating substitution should occur in the side-chain marked (a): 


NO, 
(a) non, < Sc, <H (b) 


Furthermore, if mechanisms A and B operated simultaneously in 
side-chain substitution of toluene and p-xylene, substitution in the 
nitro-xylene would occur mainly in the group marked (6), for the 
effect of the nitroxyl group is generally to suppress process A and 
facilitate B. 

We have therefore examined the side-chain bromination of nitro- 
p-xylene and find that side-chain substitution occurs to the extent 
of at least 76% in the side chain (a). We conclude that the side- 
chain halogenation (and probably also nitration) of alkylbenzenes 
and their nuclear substitution products proceeds by mechanism 
A; a similar mechanism probably applies to the substitutions of 
methane and other aliphatic hydrocarbons. 

On comparing this conclusion with that which might be derived 
from the work of Lapworth and Shoesmith on the reverse process, 
namely, the reduction of substituted benzyl halides (J., 1922, 121, 
1392, and later), mechanisms (all in good agreement with the 
available data) may be formulated to complete the exemplification 
of the general classification of side-chain substitutions, already 
partly illustrated (above) by the hydrolysis of benzyl chloride : 

s+ 8— 
: Br-Br 
C,H;CH, —> C,H,;CH, —> C,H;‘CH,Br + H{Br (type A,) 


- + 
(,H;-CH,Br—> 0,H,-CH,}Br —>> C,H,CH,"H + [Br (type B,) 


EXPERIMENTAL. 


Side-chain Bromination of Nitro-p-xylene.—Dry bromine (30 g.) 
was very gradually added to a solution of nitro-p-xylene (25°0 g.) 


1220 THE ALTERNATING EFFECT IN CARBON CHAINS. PART Xxy, 


in glacial acetic acid (30 c.c.) under reflux in a glycerol bath at 120°, 
the crystalline deposit which collected in the condenser being 
returned from time to time to the reaction mixture. The deep red 
product was poured into water, neutralised with sodium carbonate, 
and extracted with ether, a process which removed a small amount 
of a tarry substance insoluble both in ether and in water. The 
residue (28-2 g.) from the ethereal extract, which preliminary 
experiments had shown to contain unbrominated nitro-p-xylene as 
well as its bromination products, was heated with an excess of 33% 
alcoholic trimethylamine for 12 hours at 100°, and the quaternary 
bromides derived from side-chain-brominated products were pre- 
cipitated by the addition of much dry ether and collected. From 
the ethereal solution nitro-p-xylene (16-3 g.) was recovered by dis. 
tillation. The bromide precipitate was taken up in boiling alcohol 
(which removed a very small amount of an insoluble salt which has 
not yet been investigated), and the quaternary bromide (yield 
62%, taking count of the nitro-p-xylene recovered), obtained by 
evaporation of the alcohol, was converted into the corresponding 
picrate, m. p. 138°, the identification of which is described belov. 
The yield (vide infra) corresponds to the formation of not less than 
77% of 3-nitro-p-xylyl bromide. 

3-Nitro-p-xylyl Bromide { o(1)-Bromo-3-nitro-p-xylene|.—The brom. 
ination product obtained from the ethereal extract (above) is largely 
solid and a proportion of it (37%, based on the nitro-p-xylene used, 
less that recovered) was isolated in the pure condition. 3-Nitro-p- 
xylyl bromide crystallises from methyl] alcohol in needles, m. p. 76° 
(Found: C, 42-4; H,3-6. CgH,O,NBr requires C, 41-8; H, 3-5%). 
On treatment with alcoholic trimethylamine under the conditions 
mentioned in the preceding paragraph it is converted into the same 
quaternary bromide in 81% yield. The mother-liquors from the 
crystalline bromonitro-hydrocarbon contained a further quantity 
of this substance, together with unchanged nitro-p-xylene, and the 
mixture was therefore treated with trimethylamine; a yield of the 
quaternary salt stoicheiometrically equivalent to a further 31’, 
of 3-nitro-p-xylyl bromide was then obtained. The total quantity 
of this compound produced cannot therefore be less than 68%, and, 
since the quaternary salt is produced in 81% yield from the pure 
bromide, is probably not less than 76%, which agrees with the 
previous figure. Since part of the remainder represents unidentified 
material, this figure is a minimum for the proportion of substitution 
in the m-methyl group. 

3-Nitro-p-aylyl-w-trimethylammonium _ Picrate —3-Nitro-p-xyly! 
chloride was prepared by the action of dichlorodimethyl ether o 
o-nitrotoluene (Stephen, Short, and Gladding, J., 1920, 117, 524), 


(.8. 

of opt 
service 
in the 
of mol 
of the 
that Ss 
attach 
+o 
and 3. 
molect 


(1) 


RING STRUCTURE AND OPTICAL RELATIONSHIPS, ETC. 


and had m. p. 48° (not 45° as recorded, loc. cit.). Treatment with 
alcoholic trimethylamine yielded a quaternary ammonium chloride, 
which was precipitated by addition of dry ether. The corresponding 
pirate separated from dilute alcohol in needles, m. p. 138° (Found : 
(47-2; H, 4-6. C,,H,,0,N; requires C, 46-7; H, 4:3%), and was 
identical with the same salt obtained, as described above, from the 
bromination product of nitro-p-xylene. This identification orients 
the nitro-p-xylyl bromide, m. p. 76°. 


We wish to thank the Chemical Society for a grant which has 
defrayed much of the cost of this work. 


THE UNIVERSITY, LEEDs. [Received, March 22nd, 1928.] 


(LVII.—Ring Structure and Optical Relationships in 
the Mannose—Rhamnose—Lyxose Series of Sugars. 
Isolation of a New Form of Lyxose. 


By WALTER NorMAN Haworta and Epmunp LANnGLey Hirst. 


‘ 


(.§. Hupson’s application to the sugar group of the “ principle 
of optical superposition ” suggested by van ’t Hoff has been of great 
service in the study of the complex problems of optical isomerism 
in the series glucose—galactose—arabinose—xylose. The calculations 
of molecular-rotation values based on the consideration of two parts 
of the sugar molecule have led to strikingly concordant results in 
that series for the estimation of the rotational effect of the groups 
attached to the reducing carbon atom 1. In an aldose, these groups, 
+dox and —Qpog, correspond to the spatial distribution in the «- 
and $-isomerides of any one sugar, the remaining portion of the 
nolecule being regarded as b. 
H. /OH 
a ae 


| 


\ + aon 


In the methylglucosides, the a value becomes + doy, and in the 

isomeric acetates -+- a ,., etc. The molecular-rotational increment 

tan be obtained by difference: (+4 oq + 6) — (— dog + 5), and 

such differences approximate very closely in the glucose—galactose- 

arabinose—xylose series to the constant values do, = 8,500; dowe = 

18,500; do,. = 19,100, and so on for other types of groupings. 
Ss 


1222 HAWORTH AND HIRST: RING STRUCTURE AND OPTICAL 


Using these values in those cases where one stereochemical form js 
unknown, Hudson has been successful in calculating the rotation 
of the missing form, and in several cases the values so derived have 
been verified by the subsequent discovery of the new form. 
Similarly the magnitude 26 can be calculated by addition of the 
molecular rotations of two «- and @-forms, thus: (+ d@oq + 6)+ 
(—dox + 6). Here the considerations are more complex, and any 
departures from the regularity of the additive principle are more 
likely to become manifest. An example is that of the Byrabinose Value, 
According as this is calculated from the observed molecular rotation 
of (1) the sugar or (2) the methylarabinoside, Dgrabinose = 18,700 or 
21,800. A difference of 3,100 (increased to over 4,000 by taking 


alternative standards) may not be considered serious when the total fj 


rotation is large, but the percentage error is likely to be very marked 
when the total rotation is small. This percentage error is liable to 
be much exaggerated when the rotational values are dissected to 
give the individual contributions of the several carbon atoms in the 
b portion. 

A recent attempt has been made by Hudson (J. Amer. Chem. Soc., 
1926, 48, 1424, 1434) to correlate the values for an intermediate 
grouping in the sugar chain. Thus methylarabinoside (I) and 
methylxyloside (II) differ only in the orientation of the groups at 
the fourth carbon atom. Similarly also methylgalactoside (III) 
and methylglucoside (IV) differ only at C, if the ring structure of 
each be considered identical. 


On the basis of the additive principle of optical superposition, 


Hudson assigns a constant value in each sugar derivative to (M3. 


which is -+- or — according as the OH at this carbon atom is directed 
to the left or to the right. If the rest of the molecule other than (, 
be called p for the pentosides and h for the hexosides, both these 
factors are eliminated by subtraction. Thus for (I) and (II) we 
have +C,+ p= 40,300 and —C,+ p = 25,200, which gives 
C, = 7,550. Also for (III) and (IV) we have +C, + hand —C, +h 
On the chemical evidence of determinations of structure Hudson 
accepts the six-atom ring for arabinoside (I), xyloside (II), and 
galactoside (III). He uses the present calculations, however, t 


mann 
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test the ring structure of the known «-methylglucoside. Now for 
(Il) +C, + 4 = 37,380, and from these data the magnitude of 
(IV), +C,-+ 4 = 2, can be ascertained by adopting the above 
value for C,, and it is thus found that x = 22,280. This falls short 
of the observed molecular rotation of «-methylglucoside (30,630) 
by 8,350, and corresponds to a specific rotation of +115° for the 
latter instead of the observed [«]) = + 158°. 

On these grounds Hudson rejects the six-atom ring structure for 
+methylglucoside, which he considers has a five-atom ring. Such 
aconclusion is at variance with other and direct chemical evidence 
which we have contributed (Charlton, Haworth, and Peat, J., 1926, 
9; Hirst, ibid., p. 350; Haworth, Hirst, and Miller, J., 1927, 2436). 
Moreover this latter evidence is as convincing as that which Hudson 
had already accepted for the pentosides and hexoside, (I), (II), and 
(III), as the basis of these calculations. 

The clear inference to be drawn is that C, in the pentoside series 
has a different value from C, in the hexoside series. We hold that 
wen on the principle of optical superposition this could only be 
expected (compare Drew and Haworth, J., 1926, 2303). Hudson 
prefers, however, the contrary view. 

Now it appears that the hypothetical value of [M/], (22,280) == 2, 
iMreached by Hudson, corresponds to a magnitude for Dgiucose of 
+3,780, which differs from the observed value of +12,100 by 
+8,320. This happens also to be about the numerical difference 
8,600) between B,.annose (a) = —3,200 (calculated from «-mannose) 
and D..annose (8) = +5,400 (calculated from $-mannose). Hudson 
here makes the assumption that the agreement between these 
muumerical differences is ascribable to one and the same cause, 
umely, the differences contributed by a 1 : 5- and a 1 : 4-oxide ring, 
and assigns, therefore, the six-atom ring (1 : 5) structure to «-man- 
nose on these grounds, and the five-atom ring (1: 4) structure to 
:mannose. He is led to suggest that there should exist not only 
an a-mannose (1 : 4) and a $-mannose (1: 5) which are at present 
wknown, but also two new forms of methylglucoside (1 : 5), «- and 
,a8 well as two new forms of glucose corresponding to these. The 
mmerical features of the following system would then, approxim- 
ately, be made to balance : 


diff. = 7000 diff. = 6700 
mS 


ia: o 


mannose (1 : 5) glucose (1 : 5)? mannose (1:4)? glucose (1:4)? 
— 3200 3800 5400 12,100 
ie y 
ipguibeslat Firlk3 se 


diff. = 8600 — diff. = 8300 
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On the assumption of the possibility of the existence of these 
unknown sugar forms, the following table of ‘‘ epimeric differences ” 
can be constructed : 

. 4 f a-methylglucoside (known), [a]p + 158° . ? 

I: peed amend, (unknown) 195° >diff. = 33°. 
. xf a-methylglucoside (unknown) +115° 4... — ago 

1: 5) ¢-methylmannoside (known) + 79°->aiff. = 36°. 

| . 4{ ¢-methylglucoside tetra-acetate (known) + ety diff 
* *\ a-methylmannoside tetra-acetate (unknown) +102°7°™: 


1:5/ a-methylglucoside tetra-acetate (unknown) + 83° > diff 
*“ \a-methylmannoside tetra-acetate (known) +49° , 


These hypothetical ‘‘ epimeric differences”? are now made the 
basis, in Hudson’s paper, of a calculation of the expected specific 
rotations of ten compounds related to «- and $-methylglucosides 
regarded as 1 : 4 (butylene) oxides. 

A table of agreement with the observed values for these com- 
pounds is then given. The scheme of correlation is dependent upon 
the fortuitous agreement between the value of Byes Calculated by 
the above methods and that value of the coefficient (3,500) 
which is required to make Dyannosea:4y MAINUS Dyoannose a:5) equal to 
Berucose 1:4) MAINUS Dyiuose a:sy Lt will necessarily follow then that 
the “epimeric differences”? Dyeancsec:s) MINUS Dgucuse a:5) and 
Dasannose (1:4) MINUS Dgacose a4) ALE also equal to one another. 

This is the relationship which lies behind the impressive agree. 
ment of the observed and calculated rotations of glucose derivatives 
given by Hudson in support of his contention that «-methylglucoside 
is a 1:4 oxide. The only inference that can be drawn from his table 
is that the rotational value of Cy, calculated from appropriately selected § 
standards, is approximately constant. Support for this view may be 
found in the rotations of known substances, without introducing 
any assumptions either of ring structure or of the existence of 
hypothetical compounds. For example, the real or observed 
epimeric differences between several of the «-mannose and «-glucose 
derivatives and between several of the 8-mannose and {-glucose 
derivatives are regular. This particular statistical method o 
reaching a conclusion on ring structure may therefore be set aside. 

Let us consider the optical relationships in the mannose-rhamnose- 
lyxose series from another point of view. Calculations of the 
coefficients expressed as doy, Aoye, 6 _ ™ » Diyxose based 
solely on the known rotations of compounds in this series, 
without reference to glucose and galactose, have revealed the interesting 
fact that the rotations of the different forms of the three sugars and 
of their glucosides may be accommodated with consistency within 
a single scheme similar to that worked out by Hudson for the 
glucose-galactose series. Had these sugars initially been mor 
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radily available, the possibility would have arisen of their being 
accepted as standards, and an anomalous behaviour would then have 
been attributed to the present “standard” series comprising 
glucose and galactose. It seems, therefore, that the hypothesis of 
different ring structures in «- and §-mannoses affords little or no 
assistance in interpreting the experimental observations. In the 
absence of definite chemical evidence to the contrary we consider it 
vould be most helpful to the future study of the problem to regard 
and 8-mannose as being not necessarily dissimilar in ring structure, 
and to seek the reason for divergences in optical and other physical 
properties occasioned by the special arrangement of hydroxyl groups 
in mannose and the related sugars rhamnose and lyxose. 

It will be apparent from the foregoing account that further 
observations on the rotational behaviour of these systems containing 
CHO the grouping (V) would be of interest. For these 
reasons we have commenced a detailed study of lyxose 
HO——H_ and its derivatives, which has resulted in the first place 
HO——H_ in the discovery of a new crystalline form of lyxose 

H——OH differing markedly from that previously described. 

| At the outset no crystalline lyxose was available, 
(V.) and a specimen was prepared by Weerman’s method 
(Rec. trav. chim., 1917, 37, 16). This material was recrystallised 
fom alcohol, and the pure lyxose obtained was not the 
variety described by other workers. For this «-form Hudson 
ad Yanowsky (J. Amer. Chem. Soc., 1917, 39, 1034) found 
(1]) +5-5° in water, decreasing to a constant value —14°, 
jad Weerman, who appears to have obtained the same sub- 
stance, gives m. p. 106—107°. The new variety showed, how- 
ever, @ higher m. p., 117—118°, and was strongly levorotatory, 
giving in aqueous solution [«], —70°, decreasing in less than 30 
ninutes to the same constant value as the «-form, —14°. The 
inter-relationship between the new form and the other form of 
lyxose was established by the following observations: (1) the 
quilibrium value of the specific rotation was [a], —14°; (2) the 
p-bromophenylhydrazone, m. p. 155—157°, and the osazone, m. p. 
l5]—160°, were identical with the corresponding derivatives pre- 
pared from «-lyxose ; (3) the new variety was converted in good yield 
into crystalline «-methyl-lyxoside, m. p. 108°, [«]) -+-59°, which has 
ben described by Phelps and Hudson (J. Amer. Chem. Soc., 1926, 
48, 503). 

The molecular-rotation difference between «-lyxose and the new 
variety is 11,000, comparable with 8,500 and 10,000, respectively, 
for mannose and rhamnose. The analogy with mannose was further 
extended by measuring the velocity coefficient for the mutarotation 


1226 HAWORTH AND HIRST: RING STRUCTURE AND OPTICAL 


of the new form of lyxose: the course of the change followed the 
unimolecular law and the velocity coefficient was approximately 
equal in value to that found by Hudson and Yanowsky for «-lyxose, 


Riiber and Minsaas (Ber., 1927, 60, 2402) have observed similar §i 


regularities in the mutarotation of «- and 6-mannose. 

The simplest and most obvious interpretation of these results is 
to regard the new substance as the 6-form of lyxose, corresponding 
to the a-form in the same way as does 6-mannose to «-mannose, 
inasmuch as similar and anomalous optical behaviour is shown by 
lyxose, mannose and rhamnose. This is the explanation favoured 
by the present authors. The situation is complicated, however, by 
the fact that the specific rotation of the hitherto unknown 8-lyxose 
has been calculated by Hudson and Yanowsky (loc. cit.), whose 
estimated value, obtained by their solubility method, is [«], —36° 
instead of our observed value —70°. The discrepancy may be 
viewed from another angle by considering the proportion in which 
a- and $-lyxose are considered by Hudson to be present in the 
equilibrium mixture in 90% alcohol. This is given as 68% «- to 
32% §8- and it is significant that the proportion of «- is markedly 
less than is the case for either mannose or rhamnose. There appeared 
to be no particular reason for such a divergence and we therefore 
decided to repeat the solubility experiments, using the properties 
of the new §-form to calculate the rotation of the «-form. We 
obtained for a-lyxose the calculated value of [«]) +5°, which is very 
close to the observed value +5-5°. This corresponds to an equili- 
brium mixture (in 90°% alcohol) containing 83% of the «-form. 

When the «- and $-forms of a sugar are considered from the point 
of view of the cis- and trans-relationships of the hydroxyl groups 
on the first and second carbon atoms, a striking regularity is mani- 
fested. This may be expressed by the statement that in the equili- 
brium mixture of the two isomerides the tendency is for the trans- 
form to predominate. 

ie ie 

H-C-OH | HO-C-H 

H-C-OH | H-C-OH 
HOCH 9 HO-O-H 
H-C-OH | H-C-OH 


isle 
H-0-OH 

HO-C-H 

HO-C-H O 
H-0-OH 


> one 


a-glucose 
(cis) 


“ a 


B-glucose 
(trans) 


a-mannose (and 


rhamnose and 
lyxose) (trans) 


B-mannose (and 
rhamnose and 
lyxose) (cis) 


When there are two cis-hydroxyl groups as in mannose, rhamnose, 
and lyxose, the preponderance of the trans-form at equilibrium 
tends to be greater in alcohol than in water, whereas the reverse is 
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the case when the hydroxyl groups on carbon atoms 2 and 3 are 
ans to one another. Detailed figures are given in the accom- 
panying table,* where column (B) shows the percentage of one form 
in the equilibrium mixture, as obtained by direct measurement in 
Hudson and Yanowsky’s solubility experiments. The figures for 
lyxose are, however, those obtained during the present investigation. 
In column (A) is given the percentage of the trans-isomeride in the 
quilibrium mixture in aqueous solution, the figure being calculated 
from the known rotation values for the pure forms on the assumption 
that the equilibrium mixture contains only the «- and 8-forms of the 
sugar. (The evidence at present available shows that there is little 
rason for doubting the essential truth of this assumption.) In 
addition, the fact that «-glucose and «-mannose are respectively 
tis- and trans-compounds in this sense may perhaps serve to explain 
the various small differences in certain physical properties noted by 
Riiber and Minsaas (loc. cit.) when comparing glucose and mannose. 


(A) (B) 
Proportion of trans- Proportion of cis- 
trans- form at equilibrium form present in 
Sugar. Variety. in water (%). aqueous alcohol (%). 


Glucose } 44-7 a- 
Galactose 41-8a 
Xylose 44 a- 
Arabinose 38 
Lyxose 17 
Mannose iy. 18 

15 

12 a- 


Since the proportion of the «- and §-forms at equilibrium is 
intimately connected with the relative solubilities of the two varie- 
ties, it is apparent from the above table that there is a relationship 
between the cis- and trans-nature of the hydroxyl groups and the 
relative solubilities of the «- and @-forms. This is most pronounced 
in those cases which afford a possibility for one isomeride to have 
three adjacent cis-hydroxyl groups (mannose, lyxose, rhamnose), 
and an accumulation of two or three such groupings gives precisely 
the conditions appropriate for the formation of co-ordinate linkages. 
The question whether such linkages are formed is obviously a 
matter for further inquiry. We are endeavouring to test this 
idea as a possible means of explaining both the solubility relation- 
ships amongst the «- and @-forms of sugar derivatives and the 
optical anomalies displayed in the mannose series when compared 
with the glucose-galactose series. 

* A similar table can be constructed for the disaccharides melibiose, 


maltose, lactose, and cellobiose, where in every case the trans-form is present 
In excess at equilibrium. 
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EXPERIMENTAL. 

Preparation of Lyxose—A pure specimen of lyxose was obtained 
from crystalline galactonolactone by following, with slight modi. 
fications, the directions of Weerman (loc. cit.). Under the conditions 
described, difficulty was experienced in separating the lyxose, in the 
form of its insoluble p-bromophenylhydrazone, from the accom. 
panying mineral salts. In order to carry out this operation success. 
fully the lyxose solution must be concentrated and the p-bromo. 
phenylhydrazine must be dissolved in the minimum quantity of 
alcohol. If necessary, the solution containing lyxose p-bromo. 
phenylhydrazone is evaporated to dryness and the mineral salts are 
removed by solution in water. Lyxose p-bromophenylhydrazone 
is most easily purified by recrystallisation from hot water. 

The lyxose regenerated from the p-bromophenylhydrazone was 
in the form of a syrup. This was exposed to the air from time to 
time and rubbed with a glass rod, until at the end of 14 days rapid 
crystallisation commenced. Recrystallisation from alcohol gave 
needles, m. p. 117—118°, which were slightly hygroscopic (compare 
Ruff and Ollendorf, Ber., 1900, 33, 1798). 

After several preliminary experiments by Weerman’s and by 
Ruff and Ollendorf’s method the following procedure was found to be 
the most convenient for the preparation of larger quantities of 
lyxose. Calcium galactonate (Clowes and Tollens, Annalen, 1900, 
310, 166), which did not require to be separated completely from 
calcium bromide, was treated with hydrogen peroxide and ferric 
acetate according to the method of Ruff and Ollendorf (loc. cit.). 
After removal of the greater portion of the calcium salts in the way 
described by these authors, the pentose content of an aliquot portion 
of the resulting alcoholic solution of lyxose was estimated by the 
furfural method. The remainder of the alcoholic solution was then 
concentrated to small bulk and the calculated quantity of p-bromo- 
phenylhydrazine, dissolved in the minimum quantity of alcohol, 
was added. Lyxose p-bromophenylhydrazone soon crystallised 
and a further amount was obtained by addition of water to the 
mother-liquor. Recrystallisation from water gave a pure product 
from which lyxose was regenerated by treatment with benzaldehyde 
in the usual manner. The syrupy lyxose was finally dissolved in 
3—4 volumes of absolute alcohol and on addition of a nucleus rapid 
crystallisation ensued. The yield of crystalline lyxose from the 
p-bromophenylhydrazone averaged 80—90% of the theoretical. 
The overall yield from galactose was low (10%), owing mainly to the 
small proportion of calcium galactonate which is degraded, even 
under the most favourable conditions. 

The crude @-lyxose thus obtained had m. p. 114—115° and re- 
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aystallisation from alcohol yielded the pure product in needles, 
m. p. 117—118°. These were very soluble in water but only 
slightly soluble in absolute alcohol. Measurements in 90% and 85% 
alcohol (by weight) at 18° gave respectively solubilities of 0-8 and 
17g. per 100 c.c. The new compound was strongly levorotatory 
in aqueous solution and showed rapid mutarotation to a final equili- 
brium value [«], —14°. The mutarotation followed a unimolecular 
course, the constant k, + k, being 0-082 at 21° and 0-056 at 17°. 
The initial value of [«], in water was calculated to be —70°, and the 
observed values in 90% ethyl alcohol were [«];,.; —80° (initial value) 
and —9° (equilibrium value). Detailed figures for the mutarotation 
ae given in the following tables, the value of k, + k, being 
calculated from the formulak, + k, = 1/t.log{(ry5 — r,, )/(r — rx )}. 
The first column gives in minutes the time elapsed after solution of 
the lyxose. The dissolution in water was complete in 15 seconds. 
For «-lyxose Hudson and Yanowsky found k, + k, = 0-065 at 20°. 


> 


Solvent—water. Temp. 21°. Solvent—water. Temp. 17°. 
c = 3°83. e= 1], 
Time Time 
(mins.). : : (mins.). [a]p. ky + kg. 
0-078 : 0-057 
0-083 y 2 0-052 
0-079 23° 0-055 
0-081 } ‘ 0-057 
0-084 8 ¢ 0-059 
12 9: 0-084 y 3 0-058 
14 0-091 22 0-059 
18 — — 
@ ——s 
For t = 0, [a]p = —70° For t = 0, [a]p = —71° 
by calculation. by calculation. 


The 6-lyxose remained unchanged after prolonged contact with 
0% alcohol and up to the present we have been unable to induce 
the «-form to separate from solution. 

Calculation of the Rotation of «-Lyxose by the Method of Hudson 
and Yanowsky.—Crystalline $-lyxose (m. p. 117—118°) was finely 
powdered and shaken for 6 minutes with 90% ethyl alcohol. After 
filtration the solution was allowed to reach equilibrium ; the reading 
t54,, —0-07° was then recorded, corresponding to a concentration 
of 0-8 g. per 100 c.c. Another sample was shaken for several hours 
with 90% alcohol; after filtration, the reading «;,,, —0-43° was 
obtained, or c= 4-8. The equilibrium mixture therefore con- 
tained 0-8 g. of B-lyxose and 4-0 g. of «-lyxose per 100. c.c. Since in 
%, alcohol [«];,,, for 8-lyxose was found to be —80°, and the 
‘quilibrium value —9°, the calculated value of [«]54,; for the 
lyxose was found to be +5°. A repetition of the experiment with 

ss2 
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85°% alcohol gave 1-7 as the initial solubility of 6$-lyxose in this 
solvent, and as the final solubility of the equilibrium mixture was 
10-5, the calculated value was. [a];44, +5° for a-lyxose. The 
observed value corresponding to [a]p +5-5° was [«];4.; 6-5°. 

Conversion of 8-Lyxose into Known Derivatives——The p-bromo. 
phenylhydrazone (needles, m. p. 155—157°) and the characteristic 
osazone, identical with xylosazone, m. p. 157—160°, were prepared 
and found to be identical with the known compounds. A further 
proof of identity was obtained by the preparation of «-methyl- 
lyxoside from @-lyxose. A solution of the sugar in methyl] alcohol 
containing 1° of hydrogen chloride was boiled for 2 hours as 
described by Phelps and Hudson (loc. cit.). The acid was neutralised 
with lead carbonate and the resulting colourless solution was 
evaporated to a syrup, which soon crystallised. The solubility of 
a-methyl-lyxoside in ethyl acetate was found to be so great as to 
render the method of recrystallisation recommended by Phelps and 
Hudson difficult to carry out satisfactorily with small quantities of 
material. The following method works well with quantities of a 
centigram upwards. The substance was dissolved in a very little 
absolute ethyl alcohol, and petroleum (b. p.60—80° ; light petroleum, 
b. p. 40—60°, is useless) was added carefully until a faint permanent 
cloudiness appeared. This was removed by addition of a drop of 
alcohol and thereafter «-methyl-lyxoside crystallised rapidly. Two 
crystallisations were sufficient to give the pure substance, m. p. 
108—109°, [x], +59° in water (c = 1). Yield, 70%. 


The authors wish to thank the Chemical Society for the award of 
a grant which has partly defrayed the cost of this investigation. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, February 17th, 1928.] 


CLVIIl.—Equilibrium in Solutions. A Note on “The 
Activity Theory of Reaction Velocity.” 
By W. F. Kenrick WynneE-JONES. 


In a recent paper (J., 1927, 2761), Soper and Pryde, in discussing 
the velocity of reaction in solution, have considered the equilibrium 
in a system containing, for example, hydrogen chloride and its 
ions HCl == H’ + Cl’, for which process they advance as the 
criterion of equilibrium 
— dF yo + dF y + dFoy + dF medium =9-. - + (I) 

where the df’s refer to changes in the partial free energies of the 
various species. 
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On the basis of this equation Soper, both in the paper mentioned 
and elsewhere (J. Physical Chem., 1927, 31, 1790; 1928, 32, 67), 
has discussed in detail the thermodynamic properties of electrolytic 
solutions. The chief results of this discussion are the derivation 
of a new activity relationship for ions involved in equilibria with 
neutral molecules, and the deduction of a modified equation for the 
velocity of ionic reactions. 

So far as the activity relations are concerned, Soper asserts that 
wherever one is considering the transfer of ions from one concen- 
tration to another the activities of these ions are related to their 
partial free energies; if, however, an equilibrium be considered, 
the activities are determined by the total free energy of the solution. 
Applying these conceptions, he has derived, on the basis of the 
Debye—Hiickel theory, the two following equations connecting the 
activity coefficient with the ionic strength for aqueous solutions at 
5°: log f = — 0-50522\/u, where the partial free energies are 
concerned, and log f = — 0-33z2V/u, where the total free energy 
enters. 

In the velocity of ionic reactions, Soper considers the second 
equation to determine the activity coefficients of the ions and 
consequently deduces for a bimolecular reaction between ions 


v = khegcofafs/fas 
fafs/fas = 0-66242nV uv. 


This equation is the form to which the general reaction velocity 
equation of Bronsted reduces for the special case of an ionic reaction. 
In Bronsted’s equation, however, the kinetic activity factor is 
given by 


where 


fiafs/fas = 1-002,2V pz. 


It is evident that, if Soper’s contentions are valid, he has derived 
relationships of great significance, and has, in fact, revolutionised 
the thermodynamic treatment of electrolytic solutions. Con- 
sequently, it is of importance to examine his fundamental postulates 
and to see how far they are in accord with thermodynamics. 

In the first place, it must be pointed out that it is not very logical 
to restrict the application of a thermodynamic equation, such as 
(1), to ions, and to employ another equation for neutral molecules. 
Soper attempts to justify this by the argument that the magnitude 
of the term dF is greater for ions than for neutral molecules ; 
but such a difference in magnitude is not a difference in principle 
such as to justify the employment of two different equilibrium 
equations. Further, the assignment of two values to a potential 
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function under the same conditions seems in serious conflict with 
thermodynamics. 

Leaving aside such general considerations, let us take a reaction 
such aa A+B+...==P+Q+.... The free energy of 
such a system will, at constant temperature and pressure, be a 
function of the number of molecules of each species present; hence 
dF = (OF /On,)dn, + (OF /Ong)dng + . . . + (OF /OMmea.)d%mea., Where 
Na, Np, - - » Mmea, Tefer to A, B, etc., and the medium. Employing 
G. N. Lewis’s notation F = (@F/dn) for the partial molar free 
energy of any species, we have 


Ae ee Ae ie | ee 


Since at equilibrium a small displacement is unattended by a 
change in the free energy of the system, dF = 0, i.e., 
= F,.dn, + Fy .dng +... Frrca.- mea. + (2) 

On comparing (2) with (1), it is noticeable that (1) contains no 
terms for the change in the number of molecules, and this omission 
is the crucial error for the further development of the equilibrium 
criterion; for when we are considering a reaction in solution, the 
solvent does not occur on one side only of the reaction scheme, 
and consequently a small displacement of the equilibrium does not 
involve any change in the number of solvent molecules; therefore 
the equilibrium condition is 


0 = F,. dn, + Fy. dng + ee + @. Fea: 


Thus, by reproducing the thermodynamic derivation, we are able 
to see that the classical expression which omits the term for the free 
energy of the solvent is completely valid even for ionic equilibria. 

However, in order to make the matter still clearer and more 
tangible, we may examine the method employed by Soper in the 
deduction of his formula for reaction velocity. He states: “The 
total free electrical energy of a solution of n ions found by charging 
them reversibly is 4nzey, where ¢ is the potential at one of these 
ions due to the surrounding ‘ ion-atmosphere.’ Part of this elec- 
trical free energy resides in the medium, but change in the partial 
free electrical energy of the ions is attended simultaneously by 4 
change in the electrical free energy of the medium. The total 
potential energy possessed by an ion in virtue of its charge is thus 
ee 

Soper is fully aware that the term 4nzey is the total electrical 
free energy of the solution, but he seems to think that the potential 
energy of an ion within this solution may be obtained by dividing 
this term by the number of ions. The true value of the potential 
energy of a single ion is, however, the work obtained by discharging 
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the ion reversibly ; this is given by W = i “zyde = }zey as shown by 
Gintelberg. If now we substitute this term wherever Soper uses 
je), the spurious factor 2/3 disappears and the ordinary activity 
rations, as well as the original form of Bronsted’s velocity equation, 
are obtained. It must therefore be concluded that the various 
modifications proposed are all alike without foundation in thermo- 
dynamics. 

So far as the particular question of reaction velocity in solution 
is concerned, the agreement with experiment obtained by Soper 
for his expression is a consequence of the operation of the linear 
terms in the Debye—Hiickel equation for activity coefficients, viz., 
-log f = Ac! + Be. The introduction of these terms will, in the 
range 0-04—1-0N, lower the kinetic activity factor to approximately 
two-thirds of its limiting value. 

In conclusion, it may be stated that the Bronsted formula has 
proved entirely satisfactory wherever it is applied within the region 
for which it was originally developed. When it is remembered 
that the formula is successful in predicting salt effects of the most 
varied type and magnitude, for which previous theories have been 
entirely unable to account, it will be realised that the formula 
represents a very marked step in advance, and may, so far as the 
region of dilute solutions is concerned, be considered a solution of 
the problem. 


THE PoLyTECHNIC INSTITUTE, 
CoPpENHAGEN. [Received, February 6th, 1928.] 


(LIX.—Kquilibrium in Electrolyte Solutions and the 
Reaction-velocity Equation. 


By FREDERICK GEORGE SOPER. 


OpsECTIONS have been raised (Wynne-Jones, preceding paper) to 
the interpretation of the results obtained for the rate of interaction 
of hydrochloric acid and a chloroamine (J., 1927, 2761) on two 
grounds—(a) the condition of equilibrium in an electrolytic solution, 
and (b) the nature of the reaction-velocity equation. 
The condition of equilibrium in a system containing hydrogen 
chloride and its ions was given (loc. cit., p. 2766) as 
— dF yq + dF x + dF + dP medium = 9 
where the dF’s refer to the changes in the partial free energies 
of the various species and dF ycaium has a finite value.* Wynne- 


* An erroneous value for dF medium WAS employed in J. Physical Chem., 
1928, 82, 67, and the conclusions there reached are withdrawn. 
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Jones asserts that, since the number of solvent molecules is unchanged 
by the slight displacement, 


AF neaium (1.€., OF [OM medium . dN medinm) = 0. 


The point of view is dependent on one’s conception of an ion. It is 
legitimate to regard the ion as an unhydrated particle and to 
evaluate its partial free energy on this assumption. It would also 
be legitimate to evaluate the partial free energy of, say, sodium in 
water by additions of metallicsodium to an aqueous sodium hydroxide 
solution, but this partial free energy would not be equal, or even 
proportional, to that of the sodium hydroxide which is actually 
present. From the reaction-velocity standpoint, it is obviously 
desirable to deal as far as possible with the ions actually existing, 
7.e., with the hydrated complexes. On this view, a slight dis. 
placement of the equilibrium HCl —-> H° + Cl’ involves a change 
in the number of free solvent molecules and in the free energy of the 
medium, a fact which should be allowed for in the condition for 
equilibrium. The activity of hydrogen chloride measured electro. 
metrically is therefore only proportional to the activity of the ions 
if they are unhydrated. It is, however, proportional to the activity 
of the un-ionised hydrogen chloride, as was stated. 

The same conclusions may be reached more directly by writing 
the ionic equilibrium as follows : 


HCl + (x + y) H,O == H’,xH,0 + Cl’,yH,O 
which necessitates that 


Qn°7H,0 AcyyH,0/Ax01 io" =K 


i.e., the activities of the ions involve the variable activity of the 
solvent. 

The evaluation of the free energy change of the medium (J. 
Physical Chem., 1928, 32, 67) as nz%e*«/6D is incorrect. It should 
be amended to 2%«®xn,dn,)/n9, where dn, is the number of solvent 
molecules bound by dn, ions, and n, and n, are the number of ions 
and solvent molecules per c.c. This term cannot at present be 
evaluated, and, if it is neglected, the free electrical energy of an ion 
to be used in determining the critical increment of an ionic reaction 
is —2%e%«/2D (J. Physical Chem., 1927, 31, 1790). The reaction- 
velocity equation for ions then reduces to 


log k = C + 1-00z,zpV'p 


which is the form used by Bronsted (Bronsted and Livingston, 
J. Amer. Chem. Soc., 1927, 49, 435). 
It may be noted, however, that the assumptions underlying the 
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derivation of this equation in the two cases are different. That 
derived by the author assumes that the energy of activation is 
sensibly constant in aqueous solution and is made up of energy given 
by a Maxwell distribution and of potential energy possessed by the 
reacting ions due to their charges. In the Bronsted equation the 
activity coefficient of the critical complex, f, (which is also a measure 
of the critical increment; Bronsted, Z. physikal. Chem., 1925, 115, 
43), is assumed to vary with the ionic strength as would any other 
jon of the same valency. A differentiation between the equations 
would appear to be possible here. Secondly, the similarity in the 
form of the equations depends on the reagents being electrically 
charged. 

The rate of interaction of hydrogen chloride and a chloroamine 
vas found to be directly proportional to the activities of the reagents 
measured in the presence of each other. There was no appearance 
of deviation indicating the necessity of an f, term for neutral 
molecules, although the electrolyte concentration was varied from 
b1to 1-5 M. 


UNIVERSITY COLLEGE OF N. WALEs, 
BANGOR. [Received, February 27th, 1928.] 


CLX.—The Conductivity of Copper Hydrosols. 


By HumpHrey DEsMonD MourRay. 


MEASUREMENT of the conductivities of metal hydrosols prepared 
by Bredig’s method was undertaken with a view to examine the 
ionic equilibrium in such sols. It was found, however, that the 
concentration of stabilising electrolyte was so large as to preclude 
any evidence being obtained of the equilibrium between ions on 
the particle surface and those in solution. 

Measurements were made in a cell of the form shown in Fig. 1, 
which was placed in a thermostat at 25°. A measured volume of 
water of conductivity averaging 0-8 gemmho was placed in the 
vessel 6, The conductivity of this water could be kept constant 
for 7—14 days. At first a screw-adjusted spark gap was fitted 
in the opening of b through a vulcanite stopper, but later two 
stout metal wires carried by a two-holed rubber bung were found 
to be more suitable and were boiled with conductivity water on 
every occasion before use. The top of one of these wires was 
amped. By altering the pressure of the clamp, the lower end 
was made to approach the lower end of the unclamped wire, both 
being below the surface of the water. By flicking the top of the 
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unclamped wire, arcing could be started. The copper are would 
not run continuously for more than a few seconds and had then to 
be restruck. The voltage used was 100, and the current passing 
when the arc had been struck about 5 amps. Electrolyte solutions 
were run into 6 from a burette, the electrodes being temporarily 
removed. The side tube of 6 was in communication with the air 
through soda-lime tubes, and the side tube of a was connected 
through a two-way tap with a 
water-pump or with the side 
tube of b. In this way the liquid 
in 6 could be drawn up into a, 
which contained platinum elec. 
trodes covered with grey plati- 
num. Its conductivity having 
been determined, the liquid was 
allowed to flow back into b. This 
procedure was carried out every 
5 minutes during arcing in order 
to keep the temperature down, 
and after the addition of electro. 
lyte in order to ensure thorough 
mixing. Control experiments 
with conductivity water, but 
without arcing, showed no increase in conductivity of the water 
for 12—24 hours. 

Since these experiments were completed, a paper has been 
published by Pennycuick (J., 1927, 2600) in which he gives the 
results of measurements of the conductivity of mixtures of platinum 
sols and various bases. He finds a slow shift in conductivity on 
titrating a sol with a base or on altering its temperature. With 
copper sols this slow alteration in conductivity was not so noticeable 
provided the cell was thoroughly cleaned out between each experi- 
ment. In addition, sols were prepared at 25° (although a greater 
amount of sputtered metal is produced at this temperature than 
at 0°) and only small concentrations ‘of electrolytes were added. 
Copper sols give considerably smaller conductivities than either 
platinum or silver hydrosols. On continued arcing, the con- 
ductivity rises to a value which is constant for the particular sample 
of water used, thus : 


Fie. 1. 


(2) 
Water alone x 10-6 
Arcing 1 minute 


0- 

1- 

5 minutes . 1- 
° 1- 

1- 

l- 
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After standing for 16 hours both these samples had a conductivity 
of 1:51 x 10-6. Beans and Eastlake (J. Amer. Chem. Soc., 1915, 
37, 2667) have calculated that the conductivity of the metal par- 
ticles and their stabilising ions is negligible compared with the above 
values. It appears probable that the conductivity of copper sols 
js due to cuprous or cupric hydroxide produced during arcing. 

If cupric hydroxide is formed, the charged particle may be 
represented thus : 


Cu(OH), 
+ OH’ 
Cu0OH’ 


Various electrolytes were added to copper sols which had been 
prepared by arcing for about 10 minutes in 75 ¢c.c. of water. Col. 1 
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in the table gives the number of c.c. of electrolyte added to 75 ¢.¢, 
of copper sol; col. 2 the conductivity observed (x 10*); col.-3 the 
increase in conductivity observed when the same volume of 
electrolyte is added to 75 c.c. of conductivity water, plus the con. 
ductivity due to the concentration of copper sol in the mixture 
given in col. 1; col. 4 gives the difference (col. 2—col. 3); and col. 5 
gives the value of this difference calculated on the assumptions 
stated below. 

When sodium chloride solution is added to a copper sol, the 
observed conductivity of the mixture does not differ appreciably 
from the sum of the calculated conductivities of its components: 
adsorption of the chloride, if any, is small. With sodium and other 
hydroxides the conductivity of the mixture is definitely less than 
that of its components. If this diminution were due to repression 
of the ionisation of copper hydroxide by sodium hydroxide, the 
difference calculated on the assumption that the increase in con. 
ductivity of the sols over that of the water used is due to cupric 
and hydroxyl ions only is that givenin col. 5. The greater difference 
observed is probably due to the specific adsorption of sodium 
hydroxide. 

The increase in conductivity when sodium phosphate is added to 
the sol is more difficult toexplain. A similar increase in conductivity 
is observed when aluminium chloride is added to a negatively 
charged sol such as platinum. It may possibly be due to the sub- 
stitution of hydroxyl ions for slower-moving ions by a reaction at 
the particle surface such as 


Na,PO, —> NaPO,” + 2Na* 
Cu(OH), + NaPO,” = 


When a very dilute acid solution is added to a copper sol, hydrogen 
and hydroxy] ions are used up and the sol appears to become satur- 
ated again with copper hydroxide from the particle surface. Col. 5 
gives Cyyo,(un- — Ucu:-), the difference calculated on this assump- 
tion, the repression of ionisation of copper hydroxide by increasing 
concentration of cupric ions being neglected. The agreement is 
fairly good and is further evidence for the presence of copper 
hydroxide in the sol. 

Finally, the addition of aluminium chloride shows that this salt 
probably reacts like an acid with the sol owing to hydrogen ions 
produced by hydrolysis. 

It is to be inferred from these experiments that the particle 
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surface in copper hydrosols prepared by Bredig’s method is largely 
covered by copper hydroxide, which saturates the water in which 
the particles are dispersed. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KENSINGTON. [Received, March 7th, 1928.] 


(LXI.—Acid and Salt Effects in Catalysed Reactions. 
Part XIII. Inert Salt Effects in-the Catalytic 
Action of Acids. 


By Harry Meprorta Dawson and Artuur Key. 


Ir is probable that the velocity of all catalysed reactions will show 
some alteration when a catalytically inert salt is added to the 
solution in which the reaction occurs. The effects produced in 
the case of strong acid catalysts have been frequently examined 
and various attempts, which need not be recapitulated here, have 
been made to account for the observed velocity increments. The 
increased activity of weak acids which results from the addition 
of catalyticaliy inert salts of the strong acids was established by 
Arrhenius (Z. physikal. Chem., 1899, 31, 197), who suggested that 
this effect was mainly due to an increase in the degree of ionisation 
of the weak acid. Later writers seem to have associated this with 
an increase in the dielectric capacity of the reaction medium. 
The theory of Arrhenius has received some criticism, and an altern- 
ative explanation, based in part on the dual theory, has been pro- 
posed (compare McBain and Coleman, J., 1914, 105, 1517; McBain 
and Kam, J., 1919, 115, 1332). Since the older arguments for and 
against the Arrhenius view were based on the ciassical form of the 
ionic theory, according to which the strongest acids, as well as 
salts, are far from completely ionised, they can no longer be con- 
sidered to have much bearing on the problem as it stands at the 
present time, when such electrolytes must be regarded as completely 
ionised or very nearly so. 

According to Brénsted (J., 1921, 119, 574), the modern con- 
ception of the strong electrolytes does not invalidate the suggestion 
made by Arrhenius, and further evidence in support of the view 
that fully ionised salts increase the ionisation of weak electrolytes 
has been furnished by observations on the rate of decomposition 
of diazoacetic ester catalysed by 0-05N-acetic acid in the presence 
of small quantities of potassium nitrate (Brénsted and Teeter, 
J. Physical Chem., 1924, 28, 579). From H.M.F. measurements, 
Harned (J. Amer. Chem. Soc., 1925, 47, 930) concluded that the 
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product of the activities of the hydrogen and hydroxyl ions for 
pure water diminishes at first on the addition of alkali-metal halides, 
passes through a minimum, and then increases. From this it 
follows that the ionisation constant of water passes through a 
maximum value as the concentration of the added salt increases, 

The inert salt effects described in this paper have reference, for 
the most part, to changes in the velocity of the acetone—iodine 
reaction catalysed by acetic acid in presence of various quantities 
of the catalytically inert chlorides and nitrates of the alkali metals, 
Since the results’ obtained would appear to suggest the existence of 
some connexion with the conclusions which follow from the applic. 
ation of the concept of thermodynamic activity to the ionisation 
of weak electrolytes in salt solutions, it seems desirable to recapitul- 
ate the standpoint which has been provisionally adopted in the 
interpretation of our previous catalytic experiments with mixtures 
of weak acids and their corresponding salts. Such experiments 
have shown that catalytic activity must be ascribed to weak negative 
ions and to undissociated molecules, as well as to the hydrogen 
ion. The identification of the catalytically active constituents would 
appear to be the first step in the quantitative interpretation of the 
experimental observations. The further question whether the effects 
should be expressed in terms of the concentrations of the active 
entities or in terms of their respective activities has not been ignored, 
but for the sake of simplicity, and in consideration of the fact that 
there is no acceptable method for the derivation of individual ion 
activities, we have interpreted the catalytic data for the above. 
mentioned mixtures on the assumption (1) that the salts are 
completely ionised, and (2) that the ionisation of the weak acids is 
determined by a mass-law constant which is not affected by the 
salt content of the various solutions. This procedure has been 
justified by the results and is not to be interpreted in any sense 
as a denial of the existence of inert salt effects. It is, indeed, 
probable that such effects are always present, but their importance 
varies greatly with the particular circumstances. If, for instance, 
we consider the solution 0-1N-CH,*CO,H + 1-0N-CH,°CO,Na, the 
concentration of the hydrogen ion is so greatly reduced by the 
corresponding salt that its catalytic effect in the acetone-iodine 
reaction can be ignored in comparison with that of the acetate ion 
and the undissociated acetic acid. If the inert salt effect due to 
the sodium acetate were such as to produce a change in the hydrogen- 
ion concentration equivalent to an increase of 200% (compare 
Soper and Pryde, J., 1927, 2761) in the ionisation constant, this 
would make no difference to the interpretation of our observations 
on the catalytic activity of this solution. If, indeed, the alteration 
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vere 2000%, the partial velocity due to the hydrogen ion would still 
be almost negligible. 

If, on the other hand, sodium chloride is substituted for sodium 
acetate, giving a solution 0-1N-CH,°CO,H + 1-0N-NaCl, there is 
now no common ion effect, and since the sodium and chlorine ions 
are catalytically inert, such solutions obviously afford suitable 
conditions for the study of the changes which are produced in the 
catalytic properties of the weak acid by the presence of the inert 
salt. These changes may be due to an alteration in the ionisation 
constant of the weak acid, or to variations in the magnitude of 
the coefficients which express the catalytic activity of the hydrogen 
ion, the acetate ion, and the undissociated acetic acid. 

Although the literature relating to inert salt effects in reactions 
catalysed by the strong acids is very considerable, and some atten- 
tin has also been given to the behaviour of weak acids, there 
appears to have been no systematic investigation of the dependence 
of these effects on the strength of the catalysing acid. In these 
circumstances, a comparative study has been made of the changes 
produced in the velocity of the acetone-iodine reaction by the 
addition of sodium chloride when the reaction is catalysed by 
hydrochloric, dichloroacetic, monochloroacetic, or acetic acid in 
):1N-solutions. The results obtained with an acetone concentration 
of 20 c.c. per litre and from 0-1 to 4-0 molar sodium chloride solutions 
are shown in Table I, the velocities shown for zero concentration of 
sodium chloride being those for salt-free solutions. Fig. 1 shows 


TABLE I. 


Reaction velocities (mols. /litre/min.) x 10° at 25°. 


Concentration of NaCl. 


Catalyst. 0:0. O01. 0-2. 0:5. 1-0. 
(}1N-CH,-CO,H 0-777 — 0-975 1:055 1143 
(-IN-CH,CI-CO,H ... 7:28 806 856 930 10-1 
01N-CHCI,CO,H ...32:9 346 35:3 385 42:2 
0-1N-HCL — 493 53-0 59-5 
the curves which are obtained when the velocities for the salt 
solutions, expressed in terms of the corresponding velocity for the 
pure aqueous solutions, are plotted against the salt concentration. 
It is apparent that there is a gradual change in the character 
of the inert salt effect as the strength of the catalysing acid changes. 
For hydrochloric acid, the relations are represented by a straight 
line up to nearly 3N-sodium chloride; at higher salt concentrations, 
the velocity increases more rapidly. For the three weaker acids, 
there is a very marked departure from linearity, and this deviation 
increases as the strength of the acid diminishes. At low salt con- 
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centrations, the influence of the inert salt on the reaction velocity 
is greatest for acetic and least for hydrochloric acid, but the order 
of the acids is reversed when the relative salt effects at the highest 
salt concentrations are compared. 

With reference to the form of the hydrochloric acid curve, which 
is similar to that obtained when other acid-catalysed reactions are 
examined, we would point out that undissociated hydrogen chloride 
would seem to be the only constituent, other than the hydrogen 
ion, to which catalytic activity can be ascribed in these solutions, 


Fig. 1. 
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Concentration of sodium chloride. 


Curves showing influence of inert salt on catalytic activity of hydrochloric (I), 
dichloroacetic (I1), chloroacetic (III), and acetic (IV) acids in 0°1N-solution. 


4°0 


As a matter of history, it may be recalled that in accordance with 
the dual theory, values for the catalytic activity of the hydrogen 
chloride molecule have been derived for various reactions (sucrose 
inversion, ester hydrolysis, iodination of acetone, etc.), but since 
all such values were based on degrees of ionisation derived from 
conductivity and osmotic measurements, they are now devoid of 
significance. Measurements of the partial pressures of - hydro- 
chloric acid solutions (Dunn and Rideal, J., 1924, 125, 676) and 
of the distribution of hydrogen chloride between water and benzene 
(Knight and Hinshelwood, J., 1927, 466) would, indeed, seem to 
have established the fact that the proportion of hydrogen chloride 
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molecules in a dilute solution (<1) of hydrochloric acid is extremely 
small. For many purposes the ionisation of such solutions may be 
regarded as complete. On the other hand, it must be remembered 
that the catalytic activity of undissociated acid molecules increases 
rapidly with the strength of the acid, and there is evidence to 
support the view that undissociated hydrogen chloride is an 
extremely active catalyst. This activity has been noted repeatedly 
for reactions in non-aqueous media. The very high speed of the 
auto-catalysed reaction between acetone and iodine in solvents such 
as benzene, nitrobenzene and carbon tetrachloride (Dawson and 
leslie, J., 1909, 95, 1860) may also be cited in support of this view. 
In these circumstances, the possibility that the very small amount 
of non-ionised hydrogen chloride, which is present in aqueous 
solutions of the acid, may under certain conditions be partly 
responsible for the observed catalytic effect cannot be entirely 
ignored. Alternatively, it may be assumed that the observed 
increase in the catalytic activity of the hydrochloric acid on the 
addition of salt is entirely due ta an inert salt effect in the sense that 
this increases the magnitude of the catalytic coefficient which is 
characteristic of the hydrogen ion. If k, denote this coefficient 
for an inert salt solution of concentration x, v the corresponding 
reaction velocity, and c the concentration of the strong acid, then 
k,=v/c. The value thus obtained for k, has been adopted as a 
measure of the coefficient for the hydrogen ion in the corresponding 
salt solutions of the weak acids. In connexion with this procedure, 
it may be pointed out that it is not of primary importance to know 
whether the difference between k, and the corresponding value ky 
for a salt-free solution is due to the stimulating action of the inert 
salt on the hydrogen ion or to a minute quantity of the -highly 
active undissociated strong acid. It is possible that both effects 
are involved. 

When the relative velocity curves in Fig. 1 are compared, one 
is forced to the conclusion that the inert salt effects shown by the 
weaker acids involve some factor which is practically ineffective 
in the case of the strong acid. As will be shown presently, there 
is reason to believe that this factor is represented by a change in 
the ionisation constant of the acid. 

Before proceeding to describe the results obtained in connexion 
with this view, it should be mentioned that the study of the catalytic 
effects produced by acetic acid—acetate mixtures represented by 
the general formula 0-1CH,-CO,H + yCH,-CO,Na in sodium 
chloride solutions, has shown that the relations are closely similar 
to those which are afforded by the same mixtures in pure aqueous 
solution. As the concentration of the sodium acetate increases, 
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the velocity falls to a minimum and subsequently increases with y 
in a linear manner. From these results it has been possible to 
derive the values of the catalytic coefficients which characterise 
the acetate ion and the undissociated acetic acid in the inert salt 
solutions. For our present purpose, it is sufficient to note that 
the value of k,, for acetic acid is practically the same for sodium 
chloride solutions as for pure water, viz., km = 1:5 x 10-%. 

In conformity with previous results the reaction velocity for the 
mixture cCH,-CO,H ++ xNaCl may be written 


v= k,{H*)+ k{A-]+%, [HA] . . - (I) 
=(%+k,— km)[H*] + kne 
and since k, and k,, are very small compared with k, 
v= kJH*) +h. 6 2s. « « @ 
Since v, k,, kp, and c are known, this equation may be utilised for 
the derivation of the concentration of the hydrogen ion resulting 


TABLE II, 
v. 10°. ke . 104. [H+]. 10%. K . 10°, 


Potassium chloride. 
0:777 4:65 1-35 
0-919 4°88 1:58 
0-990 5-23 
1-052 5-82 
1-056 6-99 
1-040 8-30 
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fom the ionisation of the acetic acid in the inert salt solution. 
The corresponding value of the ionisation constant is then given by 


K = [H*}?/(c — [H*]) = (v — kne)?/k8c Ow Ss (8) 


Table II records the values obtained in this way from the data 
for 0-1N-acetic acid solutions. Col. 1 gives the concentration x 
of the inert salt, col. 2 the observed reaction velocity v, col. 3 the 
value of k, derived from the corresponding experiments with 
):1N-hydrochloric acid as catalyst, col. 4 the calculated hydrogen- 
in concentration, and col. 5 the corresponding ionisation constant. 
From the tabulated values of K it is apparent that the addition 
of gradually increasing quantities of inert salt is associated in the 
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0 1-0 2-0 3°0 4-0 
Concentration of alkali-metal chloride. 


Curves showing the variation of the ionisation constant of acetic acid in 
wlutions of potassium (1), sodium (II), and lithium (III) chlorides. 


frst instance with an increase in the ionisation constant of the 
uetic acid; the ionisation, however, reaches a maximum and 
shows a marked fall in the more concentrated salt solutions. For 
the strongest salt solutions, the value of K is, indeed, much smaller 
than for the salt-free acid solution. 

The relations between the effects produced by potassium, sodium, 
and lithium chlorides are shown by Fig. 2, in which K is plotted 
against the molar salt concentration. These curves are clearly 
imilar to those obtained by Harned (loc. cit.) for the influence of 
the three chlorides on the ionisation of water. In both cases, the 
taximum value for the ionisation constant is greatest for the 
lithium and least for the potassium chloride solutions, and it would 
appear that the effectiveness of the factor which is responsible for 
the fall in the ionisation: constant is greatest for the potassium 
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and least for the lithium salt. Harned’s data are based on potentio. 
metric measurements of the thermodynamic activity of the hydrogen 
ion in salt solutions, and the similarity between the two sets of 
results would seem to suggest some connexion between the 
thermodynamic activity and the catalytic activity of the hydrogen 
ion. We are not, however, prepared to draw any general conclu. 
sions from the similarity of the curves. 

So far as our own results are concerned, they seem to afford 
substantial evidence for the view that the ionisation constants of 
the weak acids are appreciably affected by the addition of salts 
to the aqueous solutions of the acids. It does not appear possible 
to refer these variations entirely to changes in the dielectric capacity 
of the solvent medium. The nature of the variations would rather 
suggest that attention must be directed to the localised inter. 
actions between the molecules of the weak electrolyte and the ions 
of the salt. These molecules are of the polar type, and on the 
average the positive poles will be in closer proximity to the negative 
ions than to the positive ions. In the same way, the negative 
poles of the dissociable molecules will be nearer on the average 
to the positive ions than to the negative ions. The polar molecules 
will thus be subjected to forces which increase the tendency to 
ionisation. This effect may be expected to increase at first with 
the number of the ions which are present per unit of volume, but 
it seems probable that the influence of individual ions will ultimately 
be overshadowed by that due to the whole group of positive and 
negative ions which are within range of the poles of the ionisable 
molecule, and in the limit it would seem that the dielectric capacity 
of the surrounding medium will be the chief factor which determines 
the degree of ionisation of the weak electrolyte. This hypothesis 
would seem to afford a qualitative explanation of the ionisation 
curves in Fig. 2. 

That the results obtained with acetic acid are not peculiar to 
this acid may be seen by reference to Table III in which are recorded 
the corresponding data derived from experiments with 0-1N- 
chloroacetic acid. Since the catalytic activity of the chloroacetate 
ion is negligibly small, the equation for the velocity of reaction 
may be written 


v = (k, — km). [Ht] + hye. . «1. (4) 
Experiments with chloroacetic acid-sodium chloroacetate mixtures 
in sodium chloride solutions have shown that the value of ky 
varies but slightly with the concentration of the inert salt, and 
km = 22 x 10-® has been taken as the mean value of the catalytic 
coefficient for the chloroacetic acid molecule in the calculation of 
[H*] and of the corresponding value of K. 
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Ionisation of Chloroacetic Acid in Sodium Chloride Solutions. 


v. 10°, 
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As in the case of acetic acid, the ionisation constant of chloroacetic 
acid first increases and then decreases as the concentration of the 
sodium chloride increases. The salt concentrations which corre- 
spond with the respective maximum values of the ionisation con- 
stants are approximately the same for the two acids. The ratios 
between the maximum values and the values for pure water are 
also approximately the same. The available material is, however, 
insufficient to permit of the conclusion that the effect is independent 
of the strength of the acid. 

In conclusion, it may be pointed out that inert salt effects such 
as are described in this paper must play some part in all acid- 
catalysed reactions which take place in the presence of salts. In 
3 far as the kinetic studies described in previous papers of this 
sries are concerned, the inert salt effects are, however, not of 
any great significance, and the general conclusions which have 
ben drawn from the experiments with mixtures of weak acids and 
their corresponding salts are not affected thereby. 


Summary. 


Measurements have been made of the velocity of the acetone- 
iodine reaction when catalysed by hydrochloric, dichloroacetic, 
monochloroacetic, and acetic acids in solutions of sodium chloride 
(4 molar). 

The nature of the influence of the catalytically inert sodium 
chloride varies with the strength of the acid. 

On the assumption that the increase in the reaction velocity 
produced by the addition of inert salts to a strong acid (hydro- 
thloric acid) is due to a change in the catalytic activity of the 
hydrogen ion, it is shown that the ionisation constant of a weak 
acid is first increased by the added salt and then diminished at 
higher salt concentrations. 

Similar variations in the influence of salts on the ionisation of 
water are indicated by #.M.F. measurements. 
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The general conclusions drawn from the study of the catalytic 
properties of mixtures of weak acids and the corresponding salts 
are not affected by the inert salt effects described in this 
paper. 


THE UNIVERSITY, LEEDs. [Received, February 29th, 1928,} 


CLXII.—Acid and Salt Effects in Catalysed Reactions, 
Part XIV. The Influence of Inert Salts on the 
Catalytic Catenary for Acetic Acid—Acetate 
Mixtures. 


By Harry MeprortH Dawson and Artur Key. 


In the preceding paper experiments were described which show 
that the catalytic effects produced by acetic acid in the acetone- 
iodine reaction are appreciably modified by the addition of sodium 
chloride or other catalytically inert salts to the pure acid solution, 
Small quantities of inert salt increase the reaction velocity, but as 
the concentration is further augmented the velocity attains a 
maximum and then decreases. In explanation of these results, it 
has been suggested that there are two distinct effects which are 
involved in the action of the inert salt. The first is represented by 
an increase in the catalytic activity of the hydrogen ion, and the 
second by a change in the ionisation constant of the acid. The 
former increases continuously with the salt concentration, whilst 
the ionisation constant increases to a maximum value and then 
decreases. 

The object of the present paper is to show that the inert-salt 
effects referred to above do not modify to any marked extent the 
character of the relations which are exhibited by the reaction 
velocities for the acid—salt mixtures which have been investigated 
in previous experiments. For mixtures of the type cHA + 2MA, 
where HA is a weak acid, c is constant, and x is variable, it has 
been shown that the reaction velocity in aqueous solution is 4 
function of the hydrogen-ion concentration such that the plot of » 
against log [H*] is represented by a catenary curve. The experi- 
ments now described show that the relations are unaltered when 
inert-salt solutions are substituted for water as the medium in 
which the catalysed reaction takes place. 

The salt solutions used were 0-1, 0-5, 2-0, and 4-0M-solutions of 
sodium chloride, and the active catalytic mixtures were those 
represented by the formula 0-1CH,*CO,H + 2CH,°CO,Na. In all 
the solvents the reaction velocity falls rapidly to a minimum and 
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subsequently increases in a linear manner as the concentration of 
the acetate is continuously increased. So far as the empirical 
relations between v and x are concerned, there is no essential 
difference between the results obtained with water and those with 
the various sodium chloride solutions. In all cases, the catalytic 
properties of the group of acetic acid-acetate mixtures can be 
expressed in terms of an equation of the form * 


v = k{H*] + kef[A-] + bnf[HA] . . . . (1) 


and such differences as are found are, for the most part, to be 
attributed to changes produced by the inert salt in the magnitudes 
of the catalytic coefficients k;, ka, and k,, and of the ionisation 
constant of the acetic acid. These changes modify to some extent 
the hydrogen-ion concentration and the minimum reaction velocity 
which characterise the isocatalytic point, but the general relations 
which find expression in the catalytic catenary are not affected. 
The calculation of reaction velocities from equation (1) presumes 
a knowledge of the values of k,, k,, and k, and of the ionisation 
constant K. It will be assumed that &, for the various solvents is 
given by the reaction velocities obtained with hydrochloric acid as 
catalyst (compare Dawson and Key, loc. cit.). The values of hq 
and k,, may be obtained by the method described by Dawson and 
Carter (J., 1926, 2282), according to which k, is given by the slope 
of the v-a line, and k,, by extrapolation of this line tox=0O. In 
this procedure, an error in the determination of k, will, however, 
affect the value obtained for k,,. For this reason, a method has 
been adopted for the evaluation of k,, in which k, plays no essential 
part. This consists in determining the reaction velocities for 
varying concentrations of acetic acid in acetate-free solutions. If 
c denotes the concentration of the acid, equation (1) may be written 


v = (ky + ka — km)[H*] + hme . «© © (2) 
and since kg — k,, can be neglected by comparison with k,, and 
[H*] is given approximately by VV Ke when c is not too small, this 
equation may be put in the form 

o/Ve=kiVK +kmVeo. . . « « (3) 
According to equation (3), the plot of v/V/c against Vc should 
yield a straight line of slope k,, intersecting the ordinate (c = 0) at 
a point which affords a measure of k,\/K. In actual fact, the 
experimental data for 0-02, 0-1, and 0-5M-solutions of acetic acid 


* It has been shown that the water molecule has a measurable activity 
(Dawson and Key, this vol., p. 543). The effect in question is very small and 
in this paper it is not specifically taken into account, but may be supposed to 
be included in the term which corresponds with the undissociated acetic acid. 
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are in close agreement with the requirements of equation (3), and 
as Fig. 1 shows, the lines for water and for the 0-1, 0-5 and 2-0M. 
sodium chloride solutions are very nearly parallel, with the common 
value k,, = 1-4 x 10°®. The slope of the line for the 4-0M-chloride 
solutions is somewhat less and corresponds with k,, = 1-3 x 10-6, 
These observations show clearly that the catalytic activity of the 
acetic acid molecule is scarcely affected by the inert salt, even when 
this is present in large quantity. 


Fie. 1. 


Graph of v/Vc against Vc for acetic acid as catalyst in water and 
sodium chloride solutions. 


02 0-4 06 0-8 
Ve. 


Since the linear portion of the v—x curves for the mixtures of the 
series 0-1CH;-CO,H + xCH,‘CO,Na can be expressed by the 
equation v = 0-1k,, + k,x, it is obvious that this may be used to 
determine the values of k,. In the actual experiments with such 
mixtures, it was found expedient to limit the concentration of the 
acetate to values not greater than 0-4 mol. per litre. This limitation 
is necessitated by the circumstance that the iodoacetone which is 
formed in the first stage of the reaction begins to react at an appre- 
ciable rate with a further quantity of iodine, and thus tends to 
disturb the measurement of the velocity of the primary change. 
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The k, values derived in this way are shown in col. 3 of Table I, 
and it is apparent that the influence of the inert salt on the mag- 
nitude of the coefficient which measures the catalytic activity of the 
acetic ion is also comparatively slight. 

Col. 4 of Table I shows the values of k,\/ K which are given by 
the intercepts of the v/V/c-Vc lines in Fig. 1 on the zero ordinate. 
If these are divided by the corresponding values of k, (col. 5) given 
by the reaction-velocity data with hydrochloric acid as catalyst, 
ve obtain VK. The squares of these are tabulated under K in 
col. 6, and these numbers represent the values of the ionisation 
constant of the acid in the various solutions. 


TABLE I. 
Catalytic Constants for Acetic Acid in Sodium Chloride Solutions. 


Reaction 
Medium. Rin 


40N-NaCl 


It may be noted that the values of k,, are but slightly different from 


the value 1-5 x 10-6 assigned to the acetic acid molecule in 1913 
by Dawson and Powis (J., 103, 2135). The k, value for the pure 
aqueous solution is definitely smaller than that recorded by Dawson 
and Carter (loc. cit.), namely, kg = 4:5 x 10-6, but the higher value 
is in all probability due to the less complete elimination of the 
disturbing effect of subsequent reactions in the case of the solutions 
which contain relatively large amounts of acetate. 

The slight variation of the /,, and k, values with the solvent is 
in marked contrast to the relatively large changes in k, and K. 
The variations of K correspond closely with those shown by the 
figures recorded in Table II of the previous paper. The latter were 
derived by a somewhat different procedure, but both methods 
involve the assumption that the reaction-velocity data for hydro- 
chloric acid in the several sodium chloride solutions afford a measure 
of the catalytic activity of the hydrogen ion. The possibility that 
k, determined in this way includes some factor other than that 
represented by the influence of the inert salt on the catalytic activity 
of the ion has already been discussed. It might be suggested that 
this view receives some support from the relations which are dis- 
closed by the foregoing table, but it does not seem possible to carry 
the matter further at the present time. 

Table II affords a comparison of the reaction velocities observed 
with free acetic acid in the various solvents and those calculated 
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and k;, 
num be 
does ni 
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from equation (2) by means of the constants recorded in Table | 
The required hydrogen-ion concentrations are those derived fron 
[H*] = VK(c—[H*]). It is apparent that the differences betwee 
the observed and calculated reaction velocities for the pure acetic 
acid solutions are not greater than would be accounted for by 
experimental error. 


‘: 7 

TABLE IT. - . 

concen 

Catalyst : Acetic Acid. Temp. : 25°. relocit: 

ec = 0-02. c= 0-1. c = 0-5. inverse 

v. 108 ». 108 v. 108 v. 10° ». 108 v.10® His not 7 

Solvent. (obs.). (cale.). (obs.). (cale.). (obs.). (cale.), heiows 

Water ......... 0-312 0-308 0-770 0-772 1-82 1-83 9° ; 

0-1N-NaCl ... 0-350 0-349 0-883 0-866 2-33 2°33 correlat 

0-5N-NaCl ... 0-412 0-418 1-055 1-025 2-67 2-68 ithe dat 
2-0N-NaCl ... 0-500 0-491 1-175 1-185 3:05 3°04 

4:0N-NaCl... 0-480 | 0-477 1-150 1-145 2-92 2.92 fcatenar 


acilitat 

The observed and calculated velocities for the constant-acid seriesfand th 
of mixtures are compared in the same way in Table III. The pecti 
calculated velocities are derived from equation (1) in which [H*}fyiven b 
[A-], and [HA] are given by [H*] = K(c — [H*])/(c + [H*))pthe acet 
[A-] = « + [H*], and [HA] = c — [H*], respectively. The ai The o 


rhilst t] 
TABLE III. 

Catalyst : 0-1CH,°CO,H + #CH3°CO,Na. Temp. : 25°. Bi 

z= 0 0-005 0-01 0:02 0-03 0-05 O1 0-2 of i 
Tation | 
Solvent : water. Da). 1 
v.10%(obs.) 0:770 0°:333 0:276 0-276 0-297 0:365 0:570 0-930 na if 
v. 108 (cale.) 0-772 0:321 0-265 0-263 0-289 0-357 0-548 0-944 1-74 FOHOW IT 


Solvent : 0-1N-NaCl. H+]; = 
v.10%(obs.) 0-883 0-385 0-304 0-282 0-301 0-363 0-549 0-938 1-74 For the 
v. 10% (cale.) 0:866 0-359 0-289 0-274 0-297 0-362 0-551 0-946 1-74 Dart II 

ar’ 
Solvent : 0:-5N-Na(Cl. 
. 10% (obs.) 1-055 0-434 0-320 0-290 0-311 0-368 0-547 0-910 1-63 
».10® (cale.) 1-025 0-428 0-321 0-287 0-300 0:355 0-525 0-888 1-625 
Solvent: 2:0N-NaCl. 
5 0-415 0311 0-277 0-290 0-340 0-512 0-845 152 
5 0-438 0-323 0-283 0-292 0-340 0-495 0-828 1-505 Solve 


e 


v.10® (obs.) 1°17 
v. 10° (cale.) 1°18 


Solvent : 4:0N-NaCl. ics 
».108(obs.) 1:150 — 0-261 0-237 0-253 0-296 0-472 0-785 1:50 5N-NaC! 
».10® (cale.) 1:145 — 0-256 0-244 0-263 0-319 0-479 0-814 I ON-NaCl 


show that the reaction velocities in water and in the sodium 
chloride solutions are closely reproduced by an equation which 
takes account of the catalytic effects produced respectively by the 
hydrogen ion, the acetic ion, and the undissociated acetic acid 
molecule. By slight modifications of the values assigned to bk 
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‘le 12nd &n in Table I, it might be possible to bring the calculated 
frong tumbers into closer agreement with the observed velocity, but this 
does not seem necessary, for the main object of these experiments is 
. #to show that the presence of inert salts makes no difference to the 
as general character of the results which are obtained for mixtures of a 
“Bweak acid and the corresponding salt. 
Since the v—log [H*] curve for such mixtures with constant acid 
concentration is a catenary, it follows that the plot of the reaction 
velocity against log x should also yield a catenary curve, for [H*] is 
inversely proportional to 2 provided that the acetate concentration 
10° fis not too small. The v-log x curve has, for certain purposes, an 
obvious advantage over the v—py curve in that it involves the 
33 correlation of the directly measured quantities v and x. When 
68 the data recorded in Table III are plotted in this way, a series of 
g9 geatenary curves is obtained. The symmetry of these curves 
acilitates the determination of the minimum reaction velocity v; 
eTiesfand the acetate concentration 2; which correspond with the 
Thefrespective isocatalytic points. From 2;, the value of [H+]; is 
H*}Iviven by [H+]; = 0-1K/2;, where K is the ionisation constant of 
1*}),the acetic acid in the solvent concerned. 
sults]. The observed minimum velocities are shown in col. 2 of Table IV, 
hilst the calculated velocities derived from the equation 


0; = 2V (kin — Kem)egKe + hyo. . . « (4) 
Ht f° shown in col. 3. Col. 4 gives the values of the acetate concen- 
ration at the M.V. point, and col. 5 the corresponding values of 


a The calculated values of (pg); in col. 6 are those which 
ollow from the general equation 


H+]; = V kgKe/(kn — km) or (px)i = F{log (kn — k,,) — log kaKe} (5) 
a For the derivation of these equations reference may be made to 
Part II (Dawson and Dean, J., 1926, 2872). 


1-63 
1-695 TABLE IV. 
Isocatalytic data for 0-1CH,°CO,H + xCH,°CO,Na. 
152 v; . 10° v;. 106 (pu)i (Pudi 
1505 Solvent. (obs.). (cale.). Xie (obs.). (cale.). 
SET 0-267 0-256 0-0165 3-95 3-90 

g PLN-NaCl .....+.-. 0-278 0-277 0-0175 3-88 3-86 
3 SN-NaCl ......... 0-288 0-288 0-0190 3-83 3-85 
1-47 BOV.NaCl ......... 0-280 0-283 0-0205 3-99 4-00 
‘ 0N-NaCl ......... 0-237 0-243 0-0190 4:35 4-30 

um 


hichf 2 reference to the above table it may be noted that the quantity 
 thef! Sodium acetate which is required to reduce the catalytic activity 
acid minimum increases with the concentration of the inert salt, 


o kyeches a maximum and then diminishes. In general, the agree- 
TT 
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ment between the observed and ‘calculated isocatalytic data is 
sufficient to indicate the applicability of the theory to all the 
solvents investigated, but it may be noted that the greatest differ. 
ence between the observed and calculated minimum velocities is 
shown by the data for water as solvent. It is probable that this is 
connected with the inert-salt action of the sodium acetate, for in 
the absence of sodium chloride this may be expected to produce a 


Fig. 2. 


Catalytic catenary (v-py) for 0°-1N-CH,-CO,H + 2CH,-CO,Na in a solution of 
2-0M-sodium chloride. 


N\ ¢ 


ee 


3°2 3°6 4:0 4:4 4°8 5°2 
Pu: 
greater effect than in those solutions which already contain sodium 
chloride. It has indeed been shown that the inert-salt effect, as 
measured by dv/d{ NaCl], diminishes with increase in the concentr- 
tion of the inert salt and ultimately becomes negative (compare 
Dawson and Key, loc. cit.). The fact that the observed value of ; 
for the pure aqueous solvent is greater than the calculated value, 
accords completely with this view in the sense that the addition 
of acetate to the salt-free solution should correspond with an increas? 
in the ionisation constant of the acid. There is reason to believe, 
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however, that the inert-salt effect produced by the sodium acetate 
will not be so large as that produced by an equivalent amount of 
sodium chloride. 

In Fig. 2 the observed reaction velocities for 2N-sodium chloride 
as solvent are plotted against the pg values derived in the usual 
way from the value of K tabulated for this solvent in Table I, viz., 
K = 2:09 x 10-5. The symmetrical catenary distribution of the 
pints is obvious. In this connexion, it is of interest to compare 
the px values of the pure acid solutions with the pq values of the 
acetic-acetate mixtures which exhibit the same catalytic activity as 
the acetate-free solutions. The concentration of the acetate (x,) for 
sich mixtures can be read off directly from the v-2 curves. The 
corresponding hydrogen-ion concentration is given by [H*],= 
(1K /a-. If [H*]p, derived from [H,*] = V0-1K, represents the 
hydrogen-ion concentration of the acetate-free solution, we have, 
as previously shown, 

[H*]) . [H*]. = [H*]? 
or (Pu)i = 3{(Pu)o + (Pu)c} 
In Table V, col. 2 gives the values of x, cols. 3 and 4 the values 
of (Pa)p and (pz)-, col. 5 the arithmetic mean of these, and col. 6 
the value of (px); derived by calculation from equation (5). 


TABLE V. 
Symmetry of the Catalytic Catenaries. 


Solvent. , ’ : : 2 (pu)i- 
0 3°90 
86 3°86 
6 3°85 
0 4:00 
0 


3. 
3. 
3. 
i. 
4: 4:30 


9 
8 
0 
3 


The almost complete identity of the figures in the last two columns 
may be to some extent fortuitous, but when due allowance is made 
for this, the results must be regarded as affording strong evidence 
for the view that the presence of sodium chloride does not affect the 
mature of the relations which find expression in the symmetrical 
catenary curves. The main object with which this series of experi- 
ments was planned has thus been attained. This was to show that 
the catalytic phenomena described and co-ordinated in earlier 
papers of this series are not effects which can be explained in terms 
of those environmental factors which are associated with the concept 
of “activity ’ in its application to solutions of electrolytes. It is 
tue that inert-salt effects may in certain circumstances play an 
important part in modifying the velocities of acid-catalysed reactions. 
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This is the case, for instance, when inert salts are added to a salt. 
free solution of a weak electrolyte, and the conditions are such that 
any change in the degree of ionisation of the catalysing acid is 
reflected in a corresponding change in the reaction velocity. On 
the other hand, it is equally clear that when these particular con- 
ditions do not obtain, the importance of such inert-salt effects may 
be relatively small and entirely insufficient to affect the general 
nature of the results which are conveniently expressed in terms of 
the catalytic catenary. It may indeed be anticipated that the 
generalised catalytic equation r = cosh log. n, which expresses the 
connexion between the reduced ionic velocity r and the reduced 
hydrogen-ion concentration n, will be applicable with greater 
precision to salt-containing solutions than it is to solutions which 
are free from catalytically inert salts. 

In conclusion, attention may be directed to the circumstance 
that equation (3) may be derived from a comparison of the equations 
for the velocity (vp) of the salt-free acid solution and for the velocity 
(v.) of the catalytically conjugate acid—-salt mixture cHA + 2,MA. 
We have 

= kil[H*]p + heme = kn Ke 4+ kne 


Ve = | tH -+- kine 
and since vg = ve, we obtain 

kiv Ke = kate = Ve — kine = Vg — ky 
or kV K = v/Ve = kinWe 


which is the same as the relation previously derived from a con- 
sideration of the catalytic effects produced by the pure acid at 
different concentrations. From k,WKc = kgx-, we derive K = 
(Kate/ky)*/c. If the tabulated values of ka, kn, and 2, are sub- 
stituted in this equation, we obtain K = 1-89, 2-36, 2-93, 1-87, and 
0-90 for the series of five solvents examined. These differ somewhat 
from the K values recorded in Table I, but show the same general 
relations. 
Summary. 

The influence of catalytically inert salts on the velocity of the 
acetone-—iodine reaction. has been examined when the reaction is 
catalysed by a weak acid in the presence and in the absence of the 
corresponding salt. 

The relations in sodium chloride solutions (0-1 to 4-0 molar) are 
closely similar to those which are exhibited by pure aqueous solutions. 

The coefficients which measure the catalytic activity of the acetic 
acid molecule and of the acetate ion are but slightly affected by the 
presence of sodium chloride. On the other hand, it would seem that 
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the catalytic activity of the hydrogen ion and the degree of ionisation 
of acetic acid vary considerably with the salt concentration. 

The v-py curves approximate in all cases to a true catenary. The 
isocatalytic data vary with the salt concentration, but the variations 
are small. 

The results show that the catalytic phenomena described and 
co-ordinated in previous papers are not affected to any great 
extent by the changes in ionic environment which are associated 
with the replacement of water as the solvent by solutions of 
catalytically inert salts. 


THE UNIVERSITY, LEEDs. [ Received, March 20th, 1928.] 


CLXITI.—Reactions of Carbohydrazide. Part Il. 
By ANDREW MILLER Munro and ForsytH JAMES WILSON. 


THE view expressed in Part I (J., 1927, 107) that in the thermal 
decomposition which carbohydrazones (or 8-aminosemicarbazones) 
undergo at their melting points the hydrazidicarbohydrazone (or 
hydrazidicarbohydrazide itself) is the intermediate product has 
been confirmed by investigating the thermal decomposition of 
dibenzaldehydehydrazidicarbohydrazone, diacetonehydrazidicarbo- 
hydrazone, and hydrazidicarbohydrazide. The decomposition of 
diacetonecarbohydrazone and dipinacolincarbohydrazone both in 
boiling alcoholic solution and at the melting point has also been 
found to conform to the general scheme. 

The interaction of ethyl acetoacetate and carbohydrazide was next 
investigated. There are several possibilities : 
a) COMe-CH,-CO,Et + CO(NH-NH BS ewer yg 


22 ao N-NH: CO: NH- NH, 


(I.) Ethyl acetoacetate 
§-aminosemicarbazone. 


, (Me-CH, CO 
ito, mort N———N-CO-NH-NH, (IL) 


or 


()) 2COMe-CH,°CO,Et + CO(NH-NH,). “ar 
CO(NH:N:CMe-CH, CO, Et), 
(III.) Di(ethyl acetoacetate)carbohydrazone. 
, (Me-CH,-CO CO-CH, (Me 
(—2H,0,-—2Et0H) N N-CO'N —N 
(IV.) 3:3’-Dimethyl-5 : 5’-dipyrazolonyl 1: 1’-ketone. 
, (Me-CH,-CO 
(25,0, Kony N——N-CO-NH-N:CMe-CH,-CO, Et 


(V.) 3-Methyl-5-pyrazolone-1-carboxy-a-carbethoxy- 
isopropylidenehydrazide. 


1258 MUNRO AND WILSON : 


Of these substances (I), (III), (IV) and (V) were actually obtained, 
(1) was produced by heating the reactants in equimolecular quantities 
in alcoholic solution ; (III) and (V) were formed together by heating 
2 mols. of the ester with 1 mol. of carbohydrazide. On one occasion 
repetition of the latter experiment gave substances (IIT) and (IV), 
(V) not being produced. 

The thermal decomposition of (I) and (III) conformed to the 
general scheme described in Part 1: the amount of (V) did not 
permit of detailed investigation. 

In boiling alcoholic solution (I) yielded hydrazine and di(ethyl 
acetoacetate)hydrazidicarbohydrazone (V1), 
2CMe(‘N-NH:-CO-NH-NH,)CH,°CO,Et = 

N,H, + [CO(NH-N:CMe-CH,°CO,Et)-NH°], (VI) 

On heating at the melting point, (I) gave hydrazine, 4-aminour. 
azole, and 3: 4-dimethyl-1 : 2-pyrazo-6 :7-pyrone (VII) (Biilow 
and Lobeck, Ber., 1907, 40, 708; Biilow and Schaub, Ber., 1908, 41, 
1945; Wolff and Schreiner, ibid., p. 550), a decomposition product 
of ethyl acetoacetate azine, the reaction evidently following the 
course : 


2 (I) = N,H, + (VI) — 


N( (NH) 
a 
CO<N TNE 


200 + [N({CMe-CH,-CO,Et)]}, — 
= O 


2EtOH + 4 C Xe (VIT.) 
sands e 


NG 


On prolonged boiling in alcoholic solution, (III) gave di(ethyl 
acetoacetate)hydrazidicarbohydrazone and (VII), 


2CO(NH:N:CMe-CH,:CO,Et), = 
[(CO(NH-N:CMe:CH,°CO,Et)*NH-], + (VII) + EtOH; 
on heating at the melting point, the products were 4-aminourazole 
and (VII), 
2CO(NH-N cenit i ty = 
EtOH - (VI) 7 [(CO(NH-N:CMe:-CH,:CO,Et)-NH], — 
C cnn xP>CO + (VII) + EtOH. 


EXPERIMENTAL. 


Dibenzaldehydehydrazidicarbohydrazone was heated at 250° for 
3 hours. Treatment of the cooled powdered mass with ether 
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extracted benzylideneazine ; the residue after recrystallisation from 
aqueous alcohol proved to be 4-aminourazole. 

Hydrazidicarbohydrazide (Stollé, Ber., 1910, 43, 2468) on heating 
at 250° for 3 hours gave a distillate which contained hydrazine; the 
residue, after being washed with ether and recrystallised from 
aqueous alcohol, was shown to be 4-aminourazole. 

Diacetonecarbohydrazone was boiled in absolute alcoholic 
solution for 30 hours, and the alcohol then distilled off. The residue, 
after being washed with ether and recrystallised from alcohol, 
furnished colourless crystals of diacetonehydrazidicarbohydrazone, 
m, p. 256° (Found : N, 36-8. C,H,,0,N, requires N, 36-8%). The 
alcoholic distillate on heating with dilute hydrochloric acid and 
evaporation gave hydrazine hydrochloride. 

The carbohydrazone on heating at 200° for 3 hours gave a dis- 
tillate of dimethylketazine (b. p. 131°); the residue after the usual 
treatment proved to be 4-aminourazole. 

Diacetonehydrazidicarbohydrazone, identical with the specimen 
described above, was also obtained by refluxing acetone with 
hydrazidicarbohydrazide for 1 hour and recrystallising the product 
from alcohol. On heating at its melting point, it gave dimethyl- 
ketazine and 4-aminourazole. 

Dipinacolincarbohydrazone was prepared by refluxing pinacolin 
(9:8 g.) with carbohydrazide (4-5 g.) in absolute alcohol (20 c.c.) for 
Shours. On cooling, it separated in small plates, m. p. 188° after 
recrystallisation from alcohol (Found: C, 61:5; H, 10-3; N, 22-1. 
C,3H,,ON, requires C, 61-4; H, 10:2; N, 220%). An alcoholic 
solution, after boiling for 24 hours, deposited, on cooling, dipinacolin- 
hydrazidicarbohydrazone, (CMe,*CMe:N-NH:CO-NH:),, a white 
powder, m. p. 230° after recrystallisation from alcohol (Found : 
N, 26-9. C,,H,,0,N, requires N, 26-9%). The alcoholic solution 
on evaporation left a resin, from which ether extracted pinacolinazine 
identical with the specimen previously obtained by one of us (J., 
1927, 2116). The carbohydrazone was heated for 1 hour at 250° 
under reduced pressure. Pinacolinazine distilled over; the residue 
after the usual treatment was found to be 4-aminourazole. 

Dipinacolinhydrazidicarbohydrazone, identical with the specimen 
described above, was also obtained by refluxing hydrazidicarbo- 
hydrazide with excess of pinacolin in alcohol for 10 hours. The 
dark brown solution after treatment with charcoal and concentration 
deposited plates which crystallised from alcohol and melted at 230°. 
The substance on heating at 250° under reduced pressure gave 
pinacolinazine and 4-aminourazole. 

Ethyl acetoacetate 8-aminosemicarbazone (I) was obtained by 
refluxing 13 g. of the ester with 9 g. of carbohydrazide in 20 c.c. of 
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absolute alcohol for 1 hour. The powder which separated on 
cooling was recrystallised several times from alcohol, plates of a 
slightly yellowish tinge, m. p. 219°, being obtained. The compound 
was soluble in alcohol but insoluble in ether and chloroform (Found : 
C, 41-5; H, 69; N, 27-9. C,H,,0,N, requires C, 41-6; H, 6-9; 
N, 27:7%). This substance was boiled for 7 hours in absolute 
alcohol. On cooling, colourless plates separated. The mother-liquor 
was distilled and hydrazine was detected in the distillate. The plates 
after recrystallisation from alcohol melted at 213° and consisted 
of di(ethyl acetoacetate)hydrazidicarbohydrazone (Found: C, 45:1; 
H, 65; N, 22-6. C,,H.,0,N, requires C, 45-1; H, 6-5; N, 22-6%). 

The 5-aminosemicarbazone was heated at the melting point in a 
small distilling flask for 1 hour in carbon dioxide under reduced 
pressure. A small amount of liquid in which hydrazine was present 
distilled and a little unaltered substance sublimed. The residue was 
extracted with ether, leaving 4-aminourazole undissolved; the 
extract on concentration deposited 3 : 4-dimethyl-1 : 2-pyrazo- 
6: 7-pyrone which, after recrystallisation from alcohol, melted at 
245° and was identical with an authentic specimen (Found: (C, 
58:7; H, 4:9; N, 17-0. Cale.: C, 58-5; H, 4:9; N, 17-1%). 

26 G. of ethyl acetoacetate were refluxed with 9 g. of carbo- 
hydrazide in 20 c.c. of absolute alcohol for 34 hours. The deep 
brown solution slowly deposited a brown, crystalline mass which, 
after being washed with alcohol, was boiled with alcohol containing 
charcoal. From the filtered solution, yellow prisms of di(ethyl aceto- 
acetate)carbohydrazone (III) slowly separated, m. p. 196° after re- 
crystallisation (Found: C, 49-6; H, 7-1; N, 17-8. C,,H,.0;N, 
requires C, 49-7; H, 7-0; N, 17-8%). The residue containing 
charcoal was extracted with boiling alcohol; the extract on cooling 
deposited lemon-yellow plates of 3-methyl-5-pyrazolone-1-carboxy- 
a-carbethoxyisopropylidenehydrazide (V), m. p. 230° (decomp.) after 
recrystallisation (Found: C, 49-4; H, 6-0; N, 20-8. C,,H,,0,N, 
requires C 49-3; H, 6-0; N, 20-9%). No other substance was 
detected in this case. On one occasion there was obtained in 
addition to di(ethyl acetoacetate)carbohydrazone a substance which 
was sparingly soluble in alcohol and gave on recrystallisation from 
this solvent a white powder, m. p. 183°; this was 3 : 3’-dimethyl- 
5 : 5'-dipyrazolonyl 1 : 1'-ketone (IV) (Found : C, 48-6, 48-7; H, 4:7, 
4-7; N, 25-2, 25-4. C,H,,O,N, requires C, 48-6; H, 4-5; N, 25-2%). 

After boiling for 12 hours an absolute-alcoholic solution of di- 
(ethyl acetoacetate)carbohydrazone, on cooling, deposited plates, 
m. p. 213°, consisting of di(ethyl acetoacetate)hydrazidicarbo- 
hydrazone as shown by analysis and by comparison with the 
specimen previously obtained. The mother-liquor on evaporation 
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gave a residue, from which ether extracted 3 : 4-dimethyl-1 : 2- 
pyrazo-6 : 7-pyrone. The carbohydrazone was heated at its 
melting point for 1 hour; the cold powdered mass was extracted 
with ether, which dissolved 3: 4-dimethyl-1 : 2-pyrazo-6 : 7- 
pyrone; the insoluble residue was found after the usual treatment 
to consist of 4-aminourazole. 


In conclusion, we wish to thank the Carnegie Trust for the 
Universities of Scotland for a research grant in aid of this work. 


THE Royat TECHNICAL COLLEGE, 
GLASGow. [Received, February 29th, 1928.] 


(LXIV.—The Complex Salts of B-Methyltrimethylene- 
diamine with Bivalent Platinum. 


By FREDERICK GEORGE MANN. 


BIVALENT platinum, of co-ordination number 4, forms complex 
salts which usually have the uniplanar configuration: there is, 
however, some evidence that certain such salts have the tetrahedral 
configuration. For instance, considerations of structure alone make 
it highly probable that 68’8”-triaminotriethylamineplatinous di- 
iodide, [PtN(CH,°CH,°NH,),]I, (Mann and Pope, Proc. Roy. Soc., 
1925, A, 109, 457), has the tetrahedral, rather than the uniplanar, 
configuration. Bis(triaminopropane-monothiocyanate)platinous 
dithiocyanate, [Pt{NH,°CH,-CH(NH,)-CH,-NH,,HSCN},](SCN),, is 
identical in type with the corresponding cupric salt (Mann, this vol., 
p. 890) : since the tetrammino-cupric complex is known to have the 
tetrahedral configuration, it is again highly probable that the 
platinous salt also has the same configuration. Attempts were made 
to obtain more decisive evidence by a further study of the salts of 
the bis(8-methyltrimethylenediamine)platinous complex, 


CH,_ CH, -NH,.. p,-NH,-CH 
| ><a NH P< NH CHD C<y cy 


(Mann, J., 1927, 2917). If this complex has the uniplanar con- 
figuration, its salts should show cis-trans isomerism according as the 
two methyl groups are on the same or opposite sides of the common 
plane of the two rings: if it has the tetrahedral configuration, the 
two ring systems are at right angles to each other, and the molecular 
dissymmetry thus produced should render its salts capable of 
resolution into optically active forms. 

The six salts of this complex which have been isolated showed no 
sign of cis-trans isomerism, although they were all highly crystalline 

TT2 
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compounds in which such isomerism should have been readily 
detected : moreover, their widely differing solubilities: make it 
extremely unlikely that a more soluble isomeride remained in solu- 
tion in each case, and so avoided identification. The camphor. 
sulphonate, bromocamphorsulphonate, and tartrate, on the other 
hand, could not be resolved into optically active forms. Such 
salts, like those of the corresponding nickelous complex (Mann, 
loc. cit.), thus provide no evidence as to the configuration of the 
metallic complex. If the complex is uniplanar, this may be due 
to one isomeride being relatively so stable that it is formed to the 
almost complete exclusion of the other : if the complex is tetrahedral, 
the absence of evidence may be due to very rapid racemisation of 
the salts in solution. 


EXPERIMENTAL. 


All rotations have been measured at 15° in a 4-dem. polarimeter 
tube, using the mercury green line (A = 5461). 

Bis(8-methyltrimethylenediamine) platinous Dichloride, 

[ Pt{CH,-CH(CH,*NH,)o},]Cly. 

—A solution of 8-methyltrimethylenediamine dihydrochloride (12g. ; 
3 mols.) in 10° aqueous sodium hydroxide (58 c.c.) was added to a 
solution of potassium chloroplatinite (10 g.) in water (150 c.c.), and 
the whole boiled gently under reflux. The red colour of the 
chloroplatinite rapidly faded, and long, colourless needles separated ; 
these slowly redissolved, giving a colourless solution. The latter, 
when concentrated on the water-bath, can be used for the preparation 
of most salts of the complex. 

The dichloride was obtained when the colourless solution was 
allowed to cool and crystallise: it separated in long, colourless, 
uniform needles, m. p. 266—267° (decomp.). 

The dibromide, obtained by treating the colourless solution with 
saturated sodium bromide solution, was recrystallised from water, 
and separated in colourless needles, m. p. 266—268° (decomp.) 
(Found: C, 18-0; H, 4:55; Pt, 36-6. C,H,,N,Br,Pt requires (, 
18-1; H, 4:55; Pt, 36-7%). 

The di-iodide, similarly obtained by precipitation with potassium 
iodide, when recrystallised from hot water gave colourless, crystalline 
leaflets, m. p. 263—264° (decomp.) with preliminary darkening 
(Found: C, 15-4; H, 3-9; Pt, 31-2. C,H,,N,1I,Pt requires C, 15-4; 
H, 3:9; Pt, 31:-2%). The di-iodide, owing to its very slight solu- 
bility in cold water, is the best form in which to isolate the complex 
from the colourless solution obtained in the original preparation. 

The dinitrate, obtained from the original solution by treatment 
with sodium nitrate, separates on recrystallisation from hot water 
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in large, dense, colourless crystals, which are only slightly soluble 
incold water. On heating, it deflagrates violently (Found : C, 19-2; 
H, 49; Pt, 39-1. C,H,,O,N,Pt requires C, 19-4; H, 4-9; Pt, 
39-4%). 
The di-d-camphor-8-sulphonate monohydrate, 
[Pt{CH,-CH(CH,-NH,),}.](C,9H,;0°SO),,H,0, 

was obtained by treating the di-iodide in hot aqueous solution with 
the calculated quantity of silver d-camphorsulphonate. The solu- 
tion, when boiled, filtered, and concentrated, gave the sulphonate in 
fine, colourless crystals, moderately easily soluble in cold water. 
These were recrystallised three times from water, and then had 
m. p. 279—281° (decomp.) (Found: C, 39-6; H, 66; Pt, 23-2. 
(gH gO9N,S,Pt requires C, 39-5; H, 6-6; Pt, 22-9%). A 1-467% 
aqueous solution had « = + 0-90°, [«] = + 15°, [M] = + 130°: 
neither the rotation nor the decomposition point was changed by 
further recrystallisation from water. Since Graham (J., 1912, 101, 
746) has found the camphorsulphonate ion at similar concentration 
to have an average value of [M] = 66°, the rotation of the above 
salt must have been due to the sulphonate ions alone: this was 
confirmed by converting the dicamphorsulphonate into the dibromide, 
which was inactive. 

The di-d-«-bromocamphor-x-sulphonate was prepared by mixing 
very dilute hot aqueous solutions of the di-iodide and of the calculated 
quantity of silver d-bromocamphorsulphonate : from the filtered, 
cooled mixture, the very sparingly soluble di-d-bromocamphor- 
sulphonate separated rapidly in long colourless needles, which on 
heating decomposed slowly between 278° and 285° (Found : C, 34-0; 
H, 5-25; Pt, 19-7. C,,H;,0,N,Br,8,Pt requires C, 33-9; H, 5-3; 
Pt, 19-79%). After three recrystallisations of the salt from water, a 
0-8453°, solution had « = + 2-34°,[«] = + 69-2°, and[M]= + 686°. 
Since the bromocamphorsulphonate ion has [M] = 347°, the 
rotation of the complex salt is again due solely to the sulphonate ions. 

The ditartrate was obtained by adding freshly prepared, finely 
powdered silver tartrate to a hot solution of the di-iodide; after 
boiling for 4 hour, the solution was filtered and concentrated. 
The concentrated aqueous solution of the tartrate, however, would 
hot crystallise, but remained as a thick syrup. The latter was 
therefore taken up in a little water and fractionally precipitated with 
ilohol; this precipitation was repeated twice and the final syrup 
redissolved in water and converted into dibromide. The latter, 
however, was inactive. 


THe University CHEMICAL LABORATORY, 
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CLXV.—The Action of Aniline on d-Glutamic Acid. 
By Witit1aM HERBERT GRayY. 


Ir has been stated by Abderhalden and Schwab (Z. physiol. Chem, 
1926, 153, 88) that a new acid, 2-hydroxypyrroline-5-carboxylic 
acid (1), is formed when d-glutamic acid is heated with aniline, and 
H{—CH, HyC—CH, 
CH:CO,H OC CH-CO:NHPh (17) 
\Z 
NH 


that this, unlike 2-pyrrolidone-5-carboxylic acid, of which it is the 
enolic form, can be reduced to 2-hydroxypyrrolidine-5-carboxylic 
acid. Working under the conditions described by these authors, 
the writer has indeed obtained a substance with the same melting 
point, and giving the same colour reactions, as attributed by them 
to 2-hydroxypyrroline-5-carboxylic acid, but this proves to be the 
anilide of a dehydrated glutamic acid. From the following con. 
siderations this dehydrated acid is not the acid (I) : on treatment of 
the anilide with two atoms of bromine, one atom only is taken up, 
with formation of the corresponding p-bromoaniline derivative; 
it gives a monoacetyl compound when boiled with a large excess of 
acetic anhydride; and it is not reduced by hydrogen, with platinum 
catalyst, under a pressure of two atmospheres. The anilide must 
have, therefore, the alternative structure (II). It is dextrorotatory, 
but is found to be the anilide of 1-2-pyrrolidone-5-carboxylic acid; 
the same product being obtained by heating this acid with aniline. 
The racemic anilide is formed to a small extent when glutamic acid 
is heated with aniline for a comparatively long time. It is much less 
soluble than the anilide of the l-form, so that its absence from the 
product obtained in the first case indicates that racemisation is slow 
compared with ring-closure and anilide formation, and this view is 
borne out by the fact that the dl-anilide is rapidly formed from 
dl-2-pyrrolidone-5-carboxylic acid under the same conditions. 
Abderhalden and Schwab state that their hydroxypyrroline- 
carboxylic acid gives positive Millon and xanthoprotein tests, and 
is particularly distinguished from the ketonic form by developing 4 
yellow coloration with p-dimethylaminobenzaldehyde. The anilide 


is found to give all these reactions, and 2-pyrrolidone-5-carboxylic | 


acid gives the yellow coloration if a trace of aniline is introduced. 
In a later paper (Abderhalden and Schwab, Z. physiol. Chem., 
1926, 157, 196) it is mentioned that the same product is obtained 
when glutamic acid is heated with diphenylamine. On repeating 
this experiment, the product obtained by the author had in every 
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instance the properties of a 2-pyrrolidone-5-carboxylic acid. 
Attempts to reduce the substance so prepared were made, in order to 
be certain that it was not actually the enolic form, possibly indis- 
tinguishable from pyrrolidonecarboxylic acid by the other tests 
applied. In these attempts, hydrogen under a pressure of two 
atmospheres was used, and either Willstitter’s platinum-black as 
modified by Feulgen (Ber., 1921, 54, 360), the very active platinum 
oxide-ferrous salt catalyst of Adams (J. Amer. Chem. Soc., 1922, 44, 
1397), or palladinised barium sulphate, the activity of these being 
verified in every case by control reduction of quinine or salicyl- 
aldehyde, but in no case was hydrogen absorbed. This is additional 
evidence of the identity of the diphenylamine-treated product with 
)-pyrrolidone-5-carboxylic acid, in which, as in other 2-pyrrolidone 
derivatives, the carbonyl group is resistant to reduction (compare 
Tafel and Stern, Ber., 1900, 33, 2226; McCay and Schmidt, J, Amer. 
(hem. Soc., 1926, 48, 1933; Ramart-Lucas and Fasal, Compt. rend., 
1927, 184, 1253; and Darapsky, J. pr. Chem., 1927, 116, 129). 

The previous work of Hugounenc, Florence, and Couture (Bull. 
Soc. Chim. biol., 1924, 6, 672) appears to have been overlooked. 
These authors heated d-glutamic acid with aniline and obtained a 
product having practically the same melting point as that found by 
Abderhalden and Schwab. They correctly called this an anilide 
but, incorrectly, the anilide of glutamic acid. 


EXPERIMENTAL. 


|.2-Pyrrolidone-5-carboxyanilide (II).—A mixture of d-glutamic 
aid (43-5 g.) and aniline (217 c.c.) was heated under reflux at 
5—210° for 4 hour, cooled, and filtered from a small undissolved 
rsidue. Ether (130 c.c.) was then added, and the crystalline solid 
vhich separated was washed with ether and dried (20-8 g.,m. p. 187°). 
The filtrate was concentrated and treated with ether, giving a further 
88g. After one recrystallisation from methy! alcohol the anilide 
vas obtained pure, m. p. 191°, [«}* + 17-9° in 80% alcohol (¢ = 
48). The foregoing procedure is that of Abderhalden and Schwab ; 
ibetter yield and a cleaner product are obtained by heating the 
nixture at 150° instead of 210° and treating the product with acetone 
in place of ether. Water or ethyl alcohol is equally effective for 
rerystallisation; the anilide separates from the latter in well- 
formed, flat tablets with pointed ends, exhibiting a considerable 
winning tendency. It is readily soluble in cold glacial acetic acid, 
‘thloroethyl alcohol, or concentrated hydrochloric acid, moderately 
asily soluble in methyl and ethyl alcohol, sparingly in cold water 
itt more readily on heating (1 in 7-4), and almost insoluble in 
wnzene (Found: C, 64-7; H, 6-0; N, 13-5. C,,H,,0,N, requires 
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C, 64-7; H, 59; N, 13-7%). On hydrolysis by boiling dilute 
sodium hydroxide solution it yielded aniline and d-glutamic acid. 

Preparation from \-2-pyrrolidone-5-carborylic acid. This acid, 
prepared by the method of Menozzi and Appiani (Gazzetta, 1894, 
24, 373), is advantageously purified by extraction with acetone, in 
which the dl-acid is very sparingly soluble, and recrystallisation of 
the acetone-soluble material from alcohol. For preparation of the 
anilide, the acid was heated at 150° with five parts of aniline for 
6hours. Onremoval of a portion of the excess of aniline in a vacuum, 
the anilide crystallised. It had the same melting point and rotation 
as that described above. 

]-2-Pyrrolidone-5-carboxy-p-bromoanilide.—l-Pyrrolidonecarboxy. 
anilide (1 g.), dissolved in 50° aqueous acetone (15 c.c.), was treated 
with bromine water (2 at. Br). This was immediately decolorised, 
and colourless needles separated (1-2 g.), m. p. 212°; these crystal- 
lised from alcohol in large prisms (Found : Br, 28-2. C,,H,,0,N,Br 
requires Br, 28-2°%%). The substance is insoluble in cold concen. 
trated hydrochloric acid. On hydrolysis, it yielded p-bromoaniline. 

1-Acetyl-2-pyrrolidone-5-carboxyanilide.—The anilide (5 g.) was 
boiled with acetic anhydride (25 c.c.; 11 mols.) for 14 hours, the 
excess of anhydride removed by distillation, and the oil treated 
with ether (30 ¢.c.). A small quantity of solid which separated was 
rejected, and a solution of the remainder in alcohol was treated with 
water until turbid; colourless needles then separated (1-2 g.) which, 
after recrystallisation from boiling water, had m. p. 166° (Found: § 
C, 63-2; H, 5-5; N, 11-4. Cy3H,,0O,N, requires C, 63-4; H, 5-7: 
N, 11-4%). 

1- Dibenzyl-2-pyrrolidone-5-carboxyanilide.—l- Pyrrolidonecarboxy- 
anilide (5-5 g.), benzyl chloride (14-7 ¢.c.), and powdered sodium 
hydroxide (1-7 g.) were mixed, treated with a drop of pyridine, and 
heated for 7 hours at 100°. The acidified reaction-mixture yielded 
to ether 1-1 g. of crystalline material, which separated from ligroin 
in fern-like crystals, or from aqueous acetone in large, colourless 
plates, m. p. 158°. It was insoluble in water, sparingly soluble in 
ligroin, and readily in acetone (Found : C, 78-1; H, 6:25; N, 7-4. 
C.;H.4O,.N, requires C, 78:1; H, 6-3; N, 7:3%). 

Attempted Reduction of 1-2-Pyrrolidone-5-carboxyanilide.—The 
anilide (1 g.), dissolved in glacial acetic acid (30 c.c.), with addition 
of active platinum oxide (0-01 g.), and ferric chloride solution 
(0-11 ¢.c containing 0-0007 g.), were shaken with hydrogen under 
pressure of 2 atmospheres for 27 hours. No hydrogen was absorbed, 
and the original substance was recovered unchanged. 

dl-2-Pyrrolidone-5-carboxyanilide.—dl-2-Pyrrolidone-5-carboxyli¢ 
acid (4 g.), prepared by the method of Haitinger (Monatsh., 1882, 3, 
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CLXVI.—The Tautomerism of  cycloPentadienes, 
Part I. Some Derivatives of Methylcyclopentadiene. 


By Frank Rosert Goss and CHRISTOPHER KELK INGOLD. 


THE theory that aromatic systems owe their stability to a sextuple 
valency group is expressed in one form by the centric structure, 
and in another by Thiele’s partial-valency formula, for benzene, and 
these may be regarded as the classical representatives of the two 
views that the association is central and peripheral respectively. 
The principal evidence in favour of the general conception is, 
however, that given by Bamberger (Ber., 1891, 24, 1758; 1893, 26, 
1946; Annalen, 1893, 273, 373), whose arguments are simple and 
conclusive: pyrroles are ex¢eptionally weak bases, and this is 
because the salt-forming valencies of the nitrogen atom (in modern 
terminology, its unshared electrons) are required to form the 
sextuple group; pyridines, on the other hand, are relatively strong 
bases, because the sextuple group can be formed without calling 
on the latent valencies of the nitrogen atom, which therefore remain 
available for salt-formation. Without assumption as to the precise 
location of the stable group, the conception may be expressed by 
(I) and (II), where each arrow denotes a contributing duplet. An 
interesting application has been made by Armit and Robinson (J., 
1925, 127, 1605), who have shown that the existence of the stable 
group is consistent with the properties of anhydronium bases, and 
yet another illustration forms the subject of this paper. 


JN 
aN 


>6e< >be bee, | > 6e< 
3 \ A 4 . " x Va \z a \zA / 


ra (S72 WA 
NH H—CH CHO 
(I.) (II.) (I11.) (IV.) (V.) 


\F 


In a recent communication (Baker, Cooper and Ingold, this 
vol., p. 426), a valency-group of a different type was considered, 
and it was shown that the non-basicity of nitriles and the power of 
acetylenes to yield metallic derivatives are phenomena of identical 
origin. Excluding the triarylmethyls, which require separate 
discussion (see this vol., p. 905, footnote), the only other group of 
hydrocarbons characterised by their ability to form highly stable 
metallic compounds are the cyclopentadienes, including their 
polynuclear derivatives, indene and fluorene. It will be evident 
that the reasoning by which the properties of acetylenes were 
correlated with those of nitriles also enables the chemistry of the 
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above-mentioned cyclic hydrocarbons to be correlated with that 
of the very weak bases considered by Bamberger. Benzene (IIT) 
is obviously in the same case as pyridine in regard to its ability to 
provide the electrons for the stable sextet, but cyclopentadiene can 
doso only by the appropriation of the electrons of one of its hydrogen 
atoms; it is this circumstance which gives to the hydrocarbon and 
its derivatives properties analogous to those of an acid (IV), and 
confers stability on the corresponding anion (V). 

The same circumstance should also confer tautomeric (prototropic) 
mobility on cyclopentadiene and indene, but probably not on 
fuorene, since the lateral rings will tend to fix the structure of the 
central ring in this hydrocarbon. The case of indene has already 
been examined by Ingold and Piggott (J., 1923, 123, 1469), who 
found that it exhibited prototropy; derivatives of types (VI) and 
(VII) were identical and they also responded to the “ fission ’”’ and 
“substitution ” tests (loc. cit.) for tautomeric mobility in sym- 
metrical systems. This series of papers has originated in an attempt 
to test the matter for the simple cyclopentadiene nucleus. Many 
simple cyclopentadienes have been studied by Perkin, Thorpe, 
Farmer, Seeley, and others, who have shown that they exhibit 
valency-tautomerism of the intra-annular type; that is to say, they 
are not only cyclopentadienes, but also dicyclopentenes (VIII, IX). 
These compounds, however, were unsuitable for our purpose, since 
they contain the gem-grouping indicated in the formul (or an equiv- 
alent spiran ring), and thus do not contain a hydrogen atom which 
might be induced to ionise by the tendency to form a nuclear 
dectron-group. We have therefore undertaken the study of 
analogous compounds (X, XI) which do not suffer from the disability 
mentioned, and in this paper derivatives are described in which the 


gem-dialkyl group of the previous work is replaced (i) by CBs, 


and (ii) by OMe 0 and Deitro. It may be stated here that 


the results obtained, although, perhaps, not wholly conclusive, 
tend strongly in the direction indicated above. 
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For the preparation of the first series of compounds we employed 
the method whereby Perkin and Thorpe originally synthesised the 
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sodio-derivative of ethyl 5 : 5-dimethyleyclopentadien-3-ol-1 : 2:4 
tricarboxylate (dimethyldicyclopentenoltricarboxylate) from ethy 
ae’ -dibromo-88-dimethylglutarate, ethyl sodiomalonate, and sodiuy 
ethoxide. Using ethyl dibromo-f$-methylglutarate, we obtained 
the corresponding yellow sodium compound of the 5-methyl.i. 
hydrogen series, which resembled its analogue, but was unfortunately 
much more soluble and hence difficult to isolate and purify. This 
obstacle was, however, largely overcome by the use of methyl in 
place of ethyl esters, and it is therefore the yellow sodium compound 
(XII, XIII) which has been examined in the greatest detail. Its 
hydrolysis was followed through the stages represented, as to one 
tautomeric form, by (XIV) and (XV or XVI), the final product being 


(XVII). 
(COMe)G-COMe __ Mey, C(CO,Me):0-CO,Me 


> 
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(XVI.) C XVII) 
HO oot ,H)-C-OH pore sc mid 


The starting point of the second series of preparations was the 
methyleyclopropenedicarboxylic ester (XVIII), the constitution of 
which rests on results described in several former communications 
(Goss, Ingold, and Thorpe, J., 1923, 123, 327, 3342; 1924, 125, 
1927; 1925, 127, 460), in which it is shown, inter alia, that the 
additive reactions of the corresponding acid definitely determine 
that the double linking is in the position indicated, and not in the 
symmetrical endocyclic position or the semicyclic position. By 
the interaction of this ester with methyl sodiomalonate and sodium 
methoxide, the compound (XIX) might obviously be produced, 
and there is evidence that this is the case, although extensive side. 
reactions also occur which render difficult the purification of the 
dicyclic product. The condensation of the cyclopropene ester with 
methyl sodiocyanoacetate, however, pursues a smoother course, 
and a cyclopropane-cyanoacetic ester (XX) is formed, which on 
ring-closure produces an amino-ester, apparently analogous to the 
hydroxy-esters which are formed when the corresponding cyclo: 
propane-malonic esters undergo ring formation. The amino- 
compound is a weak base, and it also behaves as a weak acid, since 4 
solid sodio-derivative is obtainable. By analogy with the hydroxy- 
esters it may be represented by (XXJ) and (XXII), possibly together 
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with the corresponding imino-phases. Partial hydrolysis to a com- 
pound represented, as to one phase, by (XXIII) or (XXIV) can 
he effected without loss of the amino-group, and the final hydrolysis 
‘i product is the nitrogen-free acid (XXV). Closely similar results 
I vere obtained when the ethyl ester corresponding to (XVIII) was 
wed, the final product being the same acid (X XV). 


CO, me>cchire co, e>0 y>Me———¢ ‘CO,Me 
-CO,Me (CO oMe): Cs OH 
(XVIII.) (XIX.) 


00,Mex, , QMeCH(CN)CO,Me CO, MoS0< OMe —- -CO,Me 
H-CO,Me C(CO,Me) NH, 
(XX.) ane ) 


_. COMex , CMe===9-C0,Me CO,Me Me——(-CO,H 
C C 2 
H>-S\c(CO,Me): % NH, H> S4(CO,Me)C-NH, 
(XX1T.) (X XIII.) 
CO,Me —c-CO,Me  CO,H. , MeOH 
C 
Bo &co H)-C-NH, Ho <n-bo 
eee ) (XXV.) 


This acid is identical with that represented by formula (XVII). 
Intra-annular tautomerism is insufficient to account for this result, 
and it follows that in either or both the series examined nuclear 
prototropy must be present. . 

In following up the matter we were necessarily bound by practical 
considerations, but are able to include in this paper an account of 
a detailed study of the mild oxidation of the amino-ester (XXI, 
XXII). Of the six products isolated and recognised, the most 
significant from the structural point of view are 8-methylglutaconic 
acid, @-acetylacrylic acid and «-methylglutaconic acid. The 
production of @-methylglutaconic acid may be regarded as normal, 
since it corresponds to the isolation of ««-dialkyl aconitic acid 
derivatives by oxidative degradation of 5 : 5-dialkyleyclopentadiene 
compounds. §-Acetylacrylic acid, however, is a substance which 
would have been expected to arise more readily from compounds of 
the series prepared from @-methylglutaric acid, and we suggest that 
the form (XXVI) is an intermediate in its production. The 
formation of «-methylglutaconic acid is difficult to explain in any 
complete way, but the most probable view seems to be that it is 
produced through form (X XVII), or a valency tautomeride. The 
formation of the tautomeric modifications (X XVI) and (X XVII) 
from (XXI) or (XXII) involves a mobile-hydrogen change of 
precisely the type required to effect the conversion of an acid of 
formula (XVII) into its isomeride (X XV), and vice versa. At this 
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stage in the research our stock of material, which had taken long to 
accumulate, became exhausted, but the work is being continued and 
it is hoped later to obtain further evidence regarding the structuraj 
and other conditions required to produce the nuclear transform. 
ations, the existence of which has been indicated. 


C(CO,Me):0-CO,Me (CO,Me):0-CO,Me 
MeC<0.(C0,Me)-CH-NH, i” oe ,Me):C-NH, 
(XXVI.) (XXVII.) 


EXPERIMENTAL. 


(A) Syntheses starting from ®-Methylglutaric Acid. 

Methyl 5-Methyldicyclopenten-3-ol-1 : 2 : 4-tricarboxylate (Methyl 
5-Methyleyclopentadien-3-ol-1 : 2 : 4-tricarboxylate) (XIV).—Methy! 
malonate (16 g.) and methyl dibromo-8-methylglutarate (Ingold, 
J., 1922, 121, 2685) (20 g.) were successively added to a solution of 
sodium methoxide prepared from sodium (5 g.) and methyl alcohol 
(60 g.). After being kept at the ordinary temperature for 15 hours, 
the mixture was heated just below the boiling point for 3 hours, 
cooled, poured on 50 g. of ice, and evaporated at room temperature 
until separation of the sodium compound was complete. The solid 
was collected (12 g.) and crystallised from methyl alcohol. Methyl 
sodio-5-methyldicyclopenten-3-ol-1 : 2 : 4-tricarboxylate (XII, XIII) 
separated in bright yellow needles, m. p. 270° (decomp.), which 
gave a deep violet colour with ferric chloride (Found: Na, 8-0. 
C,.H,,0,Na requires Na, 7-°9%). For the preparation of the free 
hydroxy-ester, the sodium compound was covered with ether and 
shaken with dilute hydrochloric acid until the yellow colour dis- 
appeared. The colourless oil obtained when the ethereal extract 
was dried and evaporated had b. p. 180°/1 mm. (Found: C, 53-6; 
H, 5-1. C,,H,,0, requires C, 53-3; H, 5-2%). 

Ethyl 5-Methyldicyclopenten-3-ol-1 : 2: 4-tricarboxylate (Ethyl 5- 
Methyleyclopentadien-3-ol-1 : 2 : 4-tricarboxylate)—This was pre- 
pared in a similar manner from ethyl malonate, ethyl dibromo- 
8-methylglutarate (Ingold, loc. cit.), and ethyl-alcoholic sodium 
ethoxide, with the exception that, after being kept over-night in 
the cold, the mixture was heated just short of the b. p. for 24 hours. 
The mixture was poured into water and extracted twice with ether; 
the aqueous solution was then saturated with carbon dioxide and 
thoroughly extracted with much ether. The second extract on 
evaporation yielded a residue which, after drying in a desiccator, 
set to a yellow solid, m. p. about 70°; this contained sodium and 
gave a violet colour with ferric chloride. The free hydroxy-ester, 
which was obtained as in the preceding example, behaved similarly 


long to 
ed and 
acturaj 


sform. 


le 


Methyl 
lethy! 
igold, 
ion of 
cohol 
ours, 
ours, 
ature 
solid 
ethyl 
eit} 
hich 
8-0. 
free 
and 
dis- 
ract 
3°6; 


| 5. 
pre- 


THE TAUTOMERISM OF cycloPENTADIENES. PART I. 1273 


towards ferric chloride (Found: C, 57-2; H, 61. Cy 3H 90, 
requires C, 57-7; H, 65%). 

Methyl Hydrogen 5-Methyldicyclopenten-3-ol-1 : 2(or 1 : 4)-dicarb- 
orylate (Methylcyclopentadienoldicarboxylate) (XV or XVI).—The 
sodio-methyl ester was digested at the ordinary temperature for 72 
hours with 30° methyl-alcoholic potassium hydroxide. During 
this period the sodio-compound dissolved, and a yellow precipitate, 
consisting of dimethyl potassium potassio-5-methyldicyclopentenol- 
iricarboxylate (Found: K, 23-1. C,,H,,0,K, requires K, 23-5%), 
appeared, which was collected and washed with methyl alcohol. 
Qn decomposing this with acid and extracting the solution with 
ether the methyl hydrogen ester was obtained as a viscous liquid 
which gave a deep violet colour with ferric chloride (Found: C, 
41; H, 5-4. C,H,,0,; requires C, 54-5; H, 5-1%). 

Ethylation of the Yellow Methyl Sodio-compound (XII, XIII).— 
The sodio-compound was boiled with an excess of ethyl iodide in 
ethyl-alcoholic solution for 24 hours. The excess of alcohol was 
removed by evaporation, and the residue poured into water and 
extracted with ether. The extract was washed with much water, 
dried, and distilled; methyl 5-methyl-2(or 4)-ethyldicyclopentan 
(or cyclopenten)-3-one-1 : 2 : 4-tricarboxylate was then obtained as 
a colourless neutral oil, b. p. 210°/6 mm. (Found: C, 56-2; H, 6-1. 
(4H, ,0, requires C, 56-3; H, 6-1%). 

5-Methyldicyclopentan-3-one-l-carboxylic Acid (5-Methylcyclo- 
penten-3-one-l-carboxylic Acid) (XVII, XXV).—This acid: was 
obtained when any of the above ring compounds (except the ethyl- 
ation product) was boiled for 2 hours with hydrochloric acid. The 
cooled solution was extracted with much ether, and the residue 
obtained on evaporation of the extract crystallised from ligroin 
(b. p. 80—100°), needle clusters being obtained, m. p. 60° (Found : 
(0, 59-9; H, 5:7. C,H,O, requires C, 60-0; H, 5-8%). The acid 
gives no colour with ferric chloride, and on oxidation with alkaline 
permanganate yields only oxalic acid. The oxime, which was 
prepared by using the theoretical quantity of hydroxylamine 
hydrochloride and one equivalent of sodium carbonate, crystallised 
when the solution was warmed for a few minutes, and separated 
from ethyl acetate in needles, m. p. 216° (decomp.) (Found: C, 
53:8; H, 5:7. C,H,O,N requires C, 54-2; H, 5-9%). 


(B) Syntheses starting from 3-Methyl-A?-cyclopropene-1 : 2- 
dicarboxylic Acid. 

Methyl 3-Methyl-1 : 2-dicarbomethoxycyclopropane-3-cyanoacetate 

(XX).—Methyl 3-methyl-A?-cyclopropene-1 : 2-dicarboxylate (Goss, 

Ingold, and Thorpe, loc. cit.) was added to a methyl-alcoholic solu- 
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tion containing one equivalent of methyl sodiocyancacetate. The 
mixture was kept for 2 hours at the ordinary temperature, then 
boiled for 2 hours, cooled, and poured into water. The oil was 
extracted with ether, and the extract was washed well with water, 
and once with dilute sodium hydrogen carbonate solution, dried, 
and evaporated. The residue on. distillation yielded a series of 
volatile fractions consisting of the original cyclopropene ester and 
its methyl alcohol addition-product (loc. cit.), together with the 
eyano-ester (XX), b. p. 200°/20 mm. (Found: C, 54:1; H, 5-2, 
C,,H,;0,N requires C, 53-5; H, 5-6%). The yield (15%) could not 
be increased by prolonging the period of the reaction, and hence 
probably represents the equilibrium attained by the Michael 
addition-reaction in the presence of the side-reaction leading to the 
methoxy-compound. 

Methyl 3-Amino-1-methyldicyclopentene-2 : 4 : 5-tricarboxylate 
(Methyl 3-Amino-1-methylcyclopentadiene-2 : 4 : 5-tricarboxylate), 
Forms A and B (XXI, XXII).—A solution of the above cyano- 
ester in an excess of methyl-alcoholic sodium methoxide was kept 
over-night at the ordinary temperature, then heated just below the 
b. p. for 4 hours, cooled, and poured into water. The ethereal 
extract of the solution yielded on evaporation a small residue from 
which the amino-ester B, m. p. 186° (decomp.), was obtained by 
crystallisation from benzene or ether (Found: C, 53-5; H, 5:5. 
C,,H,;0,N requires C, 53-5; H, 5-6%). This compound is some- 
what soluble in cold alkali and readily soluble in hydrochloric acid; 
on keeping, it becomes converted into the more stable isomeride-A 
mentioned below, which is present along with B in the residue from 
the ethereal extract. The aqueous solution remaining from the 
ether extraction was saturated with carbon dioxide and again 
extracted with ether. This extract yielded the amino-ester A, 
m. p. 130° (decomp.), which was finally purified by crystallisation 
from ligroin (Found: C, 53-9; H, 58; N, 5-7. C,,H,,0,N 
requires C, 53-6; H, 5-6; N, 52%). This isomeride is fairly 
readily soluble in caustic alkali, and also in mineral acid; it gives a 
red precipitate with diazotised aniline. Neither isomeride gives 
any noticeable colour with ferric chloride. Accompanying the 
A-compound in the residue from the second extract is a small 
quantity of a by-product, which has m. p. 186° and is not identical 
with B. We have not yet obtained sufficient for a detailed investig- 
ation, but the product appears to be resistant to hydrolysis by hot 
hydrochloric acid, and we originally isolated it by destroying the 
A-compound by this means. 

The same compounds, together with others mentioned below, 
were obtained by the following method. Methyl 3-methyl-A*- 
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jyclopropene- 1 : 2-dicarboxylate (10 g.) was added to a solution of 
methyl cyanoacetate (6 g.) in methyl-alcoholic sodium methoxide 
pepared from 3 g. of sodium and 35 g. of methyl alcohol. After 
ing kept over-night at the ordinary temperature the mixture was 
ated to just below the b. p. for 8 hours, and when cool poured 
nto water. A yellow precipitate appeared and almost immediately 
dissolved, and the solution was then extracted with ether, 
aturated with carbon dioxide, and again extracted, by which means 
the two isomeric amino-esters were isolated as described above. 
The aqueous solution remaining was acidified with hydrochloric 
wid and again extracted with ether. The solid residue obtained 
m evaporation of this extract, on crystallisation from ether, yielded 
three compounds which were isolated in the order named: (1) 
3methoxy-3-methylcyclopropane-1 :2-dicarboxylic acid (Goss, 
Ingold, and Thorpe, loc. cit.), (2) the monomethy] acid-ester of this 
acid (Joc. cit.), and (3) dimethyl hydrogen 3-amino-1-methyldicyclo- 
pentene-2 : 4 : 5-tricarboxylate (see below), the last two substances 
being obtained in small amount only. The yield of the main pro- 
duct, namely, amino-ester-A, was usually about 12%, and the 
abstitution of potassium methoxide for sodium methoxide effected 
no substantial improvement. 

Dimethyl Hydrogen 3-Amino-1-methyldicyclopentene-2 : 4 : 5-tri- 
carboxylate (3-Amino-1-methylcyclopentadiene-2 : 4 : 5-tricarboxylate) 
(XXIII or XXIV).—The amino-ester-A was left at the ordinary 
temperature in contact with 3N-methyl-alcoholic potassium hydr- 
oxide for 24 hours, during which it dissolved and a yellow precipitate 
consisting of the potassium potassio-salt of the dimethyl hydrogen 
esterappeared. When the yellow, aqueous solution of this compound 
was acidified with hydrochloric acid, the free acid-ester was preci- 
pitated ; this after crystallisation from ether had m. p. 226° (decomp.) 
(Found: ©, 51-7: H, 4:7; M, 255. ©C,,H,,0,N requires C, 51-7; 
H, 5-1%; M, 255). On working up the alcoholic mother-liquors, 
a further quantity of the same substance was obtained, together 
with an unidentified product, m. p. 97°, and some unchanged amino- 
ester-A. The dimethyl hydrogen ester gives an intense purple 
colour with ferric chloride, as also does its yellow potassium salt. 

1-Methyldicyclopentan-3-one-5-carboxylic Acid (1-Methylcyclo- 
penten-3-one-5-carboxylic Acid) (XVII, XXV).—The amino-ester-A 
was boiled for 1 hour with hydrochloric acid, and the cooled and 
filtered solution extracted 20 times with ether. The solid residue, 
after crystallisation from ligroin, had m. p. 60° and was identical 
with the acid described on p. 1273. 

Oxidation of the Amino-ester-A.—The use of alkaline perman- 
ganate and chromium trioxide in acetic acid, and sodium chlorate 
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and osmium tetroxide yielded oxalic acid as the only recognisable 
product, and potassium ferricyanide in the presence of potassium 
carbonate gave an intractable gum. 

The amino-ester (2 g.) was digested with a solution of potassium 
persulphate (30 g.) and silver oxide (0-25 g.) in 25 c.c. of 2N-sulphuric 
acid, and the mixture was kept with frequent shaking at a temper. 
ature varying from 20° to 40° for some weeks. Several experiments 


were commenced simultaneously, and the products were worked §‘ 


up at intervals by extracting the solution with ether, washing the 
extract with sodium carbonate, acidifying the alkaline solution, §* 
and re-extracting the acid products. These were then boiled with 
20% hydrochloric acid to complete the hydrolysis, and the solution 
was either evaporated to dryness or extracted with ether. Ovxalic 
acid was removed as the calcium salt from the acids thus obtained 
and the remainder of the acid product was drained from gum and 
_ erystallised from dilute aleohol. Oxalic acid was obtained in all 
cases, and the chief by-product was fumaric acid, which was identified 
by. direct comparison and by conversion into methyl fumarate. In 
one experiment a small amount of a very soluble acid, which appeared 
to be maleic acid but could not be wholly purified, was also obtained. 

The oxidation of the amino-ester (2 g.) with hydrogen peroxide 
(50 c.c. of 6%) and ferrous sulphate (0-25 g.) was carried out ina 
similar way, excepting that the mixtures were shaken continuously 
at the ordinary temperature for periods of from 20 to 120 hours. 
Oxalic acid was formed in all cases, but in much smaller amount 
than in the previous series of experiments. The remaining acids 
were drained on porous porcelain, triturated with ether-ligroin, and 
crystallised from concentrated hydrochloric acid, an acid, m. p. 
141—143°, identified by direct comparison as «-methylglutaconic 
acid (Found: C, 49-9; H, 5-5. Cale.: C, 50-0; H, 5-6%), being 
obtained. The hydrochloric acid mother-liquors on evaporation 
gave a stiff gum; this partly solidified and on draining yielded a 
product which, after crystallisation from ethyl acetate—ligroin, had 
m. p. 113—115° and was identified as the more fusible form of 
6-methylglutaconic acid (Found: C, 49-9; H, 5:5%). Extraction 
of the porcelain on which the original mixed acids had been drained, 
and combination of the. product with the residues from the ether- 
ligroin solution, gave a dark brown gum in which, after some days, 
long needles appeared. After some crystals for inoculation had been 
collected, the whole product was repeatedly digested with charcoal 
in aqueous alcohol, and the acids were isolated again and seeded. 
Crystallisation occurred rapidly, and the drained product was 
crystallised twice from ether-ligroin, from which almost colourless 
needles, m. p. 125—126°, were obtained. The m. p. and analysis 
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found: C, 52-3; H, 5-7%) indicating §-acetylacrylic acid, a 
gecimen of this substance was prepared by the recorded method 
and the identity confirmed. 

Ethyl 3-Amino-1-methyldicyclopentane-2 : 4 : 5-tricarboaylate 
|cyclopentadienetricarboxylate).—A solution of ethyl methyleyclo- 


, propenedicarboxylate (10 g.) and ethyl cyanoacetate (6:5 g.) in 


lution, 
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lution 
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sodium ethoxide prepared from sodium (3 g.) and ethyl alcohol 
(36 g.) was kept over-night at the ordinary temperature, heated 
short of the b. p. for 6 hours, boiled for 2 hours, cooled, and poured 
into water. The sodio-derivative of the amino-ester, which was 
precipitated as a yellow solid contaminated with oil, was collected 
and washed well with ether (Found: Na, 7-1. C,;HjO,NNa 
requires Na, 6-9%). The derivative is slightly soluble in water, 
but its yellow solution does not give a coloration with ferric chloride. 
Treatment with carbon dioxide decolorises the solution and produces 
an immediate precipitation of the amino-ester, which separates from 
ligroin in needles, m. p. 107° (Found: C, 57-5; H, 7-0. C,;H,,0,N 
requires C, 57-8; H, 68%). The compound is a weak base, for it 
may be precipitated from its solution in acids by large dilution; it 
isalso a weak acid, because the addition of aqueous sodium hydroxide 
to its solution in alcohol precipitates the yellow sodium derivative 
which, as indicated above, is decomposed completely by carbonic 
acid. Only about half the total quantity of amino-ester formed 
(about 14%) is isolated by the method described above, and the 
remainder may be obtained as follows. The filtrate from the sodium 
compound was extracted with ether and saturated with carbon 
dioxide. The ethereal extract yielded the amino-ester, and a 
precipitate in the aqueous suspension consisted of the same substance, 
The filtrate from this yielded no further product when again extracted 
with ether, and was therefore acidified with hydrochloric acid. 
The ethereal extract from this solution yielded a gum which on 
keeping partly crystallised. The drained crystals, on crystallisation 
from xylene, yielded the diethyl hydrogen amino-ester, m. p. 199° 
(lecomp.) (Found: C, 54:6; H, 5-9. C,,H,,O,N requires C, 55-1; 
H, 61%). Yield, about 1%. 

Methylation of the Amino-ester—The yellow sodium compound 
(5 g.) was boiled for 24 hours with a solution of methyl iodide 
(5 g.) in ethyl alcohol (6 c.c.). The product, isolated by extraction 
with ether after the mixture had been poured into water, readily 
wlidified, and separated from ligroin in needles, m. p. 113° (Found : 
(58-8; H, 6-5. C,,H,,0,N requires C, 59-1; H, 7-1%). 

Ethylation of the Amino-ester—Ethylation was effected by the 
same method, and also by using the amino-ester, sodium ethoxide, 
and ethyl iodide. The product crystallised from ligroin in needles, 
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m. p. 118° (Found: C, 60-4; H, 7-7. C,,H,;0,N requires C, 60-4; 
H, 7-4%). These alkylation products were prepared in the hope 
that their oxidation would yield useful information, but experiments 
in this direction have so far not met with success. 

Hydrolysis of the Amiéno-ester—This experiment was carried 
out like that described on p. 1275, and with identical results. 


We wish to thank the Chemical and Royal Societies for generous 
grants in aid of this work. 
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CLXVII.—The Nature of the Alternating Effect in 
Carbon Chains. Part XXVI. The Nitration 
of w-Chloro- and w-Bromo-p-xylene. 


By CHRISTOPHER KELK INGoLD and EvcEenre Roruster. 


ACCORDING to Holleman (Rec. trav. chim., 1914, 33, 1) toluene and 
its w-chloro-derivatives yield the following proportions of m-deriy. 
ative on nitration under corresponding conditions : Ph-CH,, 4:4%; 
Ph-CH,Cl, 4.2%; Ph-CHCl, 33-8%; Ph:CCl,, 645%; and from 
these results it has been inferred that the successive replacement 
of the w-hydrogen atoms in toluene by chlorine increases the electron- 
affinity and m-orienting tendency of the side chain. Nevertheless, 
the figure for benzyl chloride is anomalous from this point of view, 
and a reinvestigation of the nitration of this substance is being 
undertaken in these laboratories.* in the meantime, the develop- 
ment (Burton and Ingold, this vol., p. 904) of a hypothesis of 
orientation for conjugative additions required, for its application 
to the addition of halogens to hydrocarbons, a qualitative com- 
parison of the orienting effects of -CH, on the one hand and —CH,(I 
and —CH,Br on the other; for, in the absence of the necessary 
direct knowledge relating to anionotropy, the hypothesis may be 
applied by making use of the analogy (loc. cit.) between the op- 
orienting power of groups in aromatic substitution, and their action 
in facilitating anionotropic change. For this reason we have 
examined the nitration of -chloro- and -bromo-p-xylene, and are 
able to show that predominating substitution occurs in the position 
ortho to the methyl group. These experiments complete the 
evidence on the basis of which Burton and Ingold explained the 
course pursued by the action of bromine on butadiene and isoprene, 


* This has since been completed by Miss F. R. Shaw, who finds that 16% of 
m-isomeride is produced. 
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aid predicted the results which should accrue from a re-examination 
of earlier work on the addition of bromine to $y-dimethylbutadiene. 


EXPERIMENTAL. 


w-Bromo-p-xylene (60 g.) was converted into p-tolylearbinyl 
acetate by heating for 1-5 hours under reflux with acetic acid 
20 g.) and potassium acetate (30 g.), and the acetate (46 g.) 
hydrolysed with boiling 10% alcoholic sodium hydroxide (150 c.c.). 
The carbinol, after crystallisation from ligroin, was treated with 
1 20% excess of phosphorus trichloride, and the resulting «-chloro- 
p-xylene (yield, 87%) purified by careful fractionation. 

A solution of «-chloro-p-xylene (16-1 g.) in acetic anhydride 
30 c.c.) was added very gradually to a solution of fuming 
nitric acid (9 g.) in acetic anhydride (20 c.c.) at 10—12°. After 
§hours, ice was added, and, after the decomposition of the excess 
of acetic anhydride, the product was neutralised with sodium 
carbonate and extracted with ether. It contained a considerable 
quantity of un-nitrated w-chloro-p-xylene (which in itself guarantees 
the absence of dinitro-derivatives), but before this was removed 
by distillation, 6-3 g. of practically pure «(1)-chloro-3-nitro-p- 
xylene separated and was collected. The mononitration product 
hd b. p. about 140°/4 mm., and the distillate (8-6 g.) yielded 
a further 4-6 g. of the same chloronitro-compound. The liquid 
portion, on treatment with ethyl-alcoholic trimethylamine, pre- 
cipitation of the quaternary ammonium chlorides with ether, and 
conversion of these into the picrates (3-0 g.), gave 3-nitro-4-methyl- 
benzyltrimethylammonium picrate (this vol., p. 1217), together 
with an isomeride which could not be separated (Found, for a 
mixture having m. p. 125—128°: OC, 46-6; H, 46. Cale.: C, 
46-7; H,4:3%). The ethereal alcoholic filtrate from the quaternary 
chlorides on evaporation yielded a halogen-free liquid, b. p. 115— 
120°/3 mm. (1-7 g.), consisting essentially of 2- and 3-nitro-4-methyl- 
benzyl ethyl ethers (Found: C, 62-1; H, 7-1. Cj, 9H,,0,N requires 
(, 61:5; H, 67%), and containing a considerable proportion of 
the 3-nitro-ether, as was proved by treatment with hydrogen 
bromide in acetic acid, «(1)-bromo-3-nitro-p-xylene then being 
obtained. The proportion of nitration in position 3 is therefore 
more than 73%. The «(1)-chloro-3-nitro-p-xylene was identified 
by direct comparison with the product described by Steven, Short, 
and Gladding (J., 1920, 117, 525). 

The nitration of #-bromo-p-xylene and the separation of «(1)- 
bromo-3-nitro-p-xylene (this vol., p. 1217) was carried out in a 
similar way, excepting that, owing to the tendency of the bromo- 
hitro-compound to decompose on distillation, the unchanged 
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«-bromo-p-xylene was distilled from a water-bath at 3 mm. afte 
each separation of the crystalline bromonitro-compound. The 
yield of the latter was 66% of the nitration product, and the 
remainder contained a further quantity, as was shown by conversion 
into a mixture of nitro-4-methylbenzyltrimethylammonium picrates, 
from which the 3-nitro-salt was separated. The small ultimate 
residues obtained after separation of the quaternary salt consisted 
as before of nitro-4-methylbenzyl ethyl ethers. 


We wish to thank the Chemical Society for a grant in aid of this 
work. 


THE University, LEEDs. [ Received, April 2nd, 1928,] 


CLXVIII.—The Nature of the Alternating - Effect in 
Carbon Chains. Part XXVII. The Nitration of 
some Aromatic Phosphonium, Arsonium. and 
Stibonium Salts. 


By CHRISTOPHER KELK INGOLD, FLORENCE RutH SuHaw, and 
Ian Stuart WILson. 


THIS paper records the results which have been obtained in the 
course of studies on the nitration of phenyltrimethyl-phosphonium, 
-arsonium, and -stibonium picrates and of benzyltrimethyl-phos- 
phonium and -arsonium picrates. The proportions of meta- 
derivative are shown in the following table, in which the corre. 
sponding data for ammonium salts (Vorlander and Siebert, Ber., 
1919, 52, 283; Goss, Hanhart, and Ingold, J., 1927, 250) are 
included for comparison.* It will be observed that there is a 
general decrease in the proportion of m-substitution in the direction 
of an increasing atomic number : 


+ 3 ig = ae 
R:NMe,. R-PMe;. R-AsMe,;. R:SbMe;. 
100-0 100-0 98-2 86-3 % m-substitution 
R = Benzyl 88-0 10-1 3°4 -— fa 


Ingold, Ingold, and Shaw (J., 1927, 813) discussed the influence 
of atomic number on the m-orienting effect of positive poles and 
suggested that, since the positive field emanates from the atomic 
nucleus, the envelopment of the latter by additional electron- 

* Contemporaneously with these experiments, others on similar lines have 
been carried out by Dr. F. Challenger at Manchester, whose studies include 
the nitration of tribenzyl-phosphine and -arsine oxides and, together with 
those here described, constitute the first definite comparisons along the lines 
indicated. 
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shells in the larger atoms will diminish the field beyond the surface 
of the atom, and hence diminish m-orientation. The m-orienting 
sequence for compounds such as the above was predicted on this 
basis, and the results, which (excepting those for the ammonium 
compounds) were unknown at the time, justify the forecast. Pollard 
and Robinson subsequently suggested (J., 1927, 2772), as the 
determining circumstance, the principle that the greater the volume 
of the central charged atom, the greater should be the electro- 
striction of the organic cations by the anions in a nitration solution. 
This, however, does not appeal as an adequate cause, in view of 
Fajans’ demonstration (Naturwiss., 1923, 11, 105) that the smaller 
a cation the more extensive ceteris paribus is the process of co- 
ordination, and its precursor, electrostriction, with a given anion. 
Whether we consider the direct influence of atomic size on the 
field, or the degree of electrostriction by anions, as the essential 
cause, a comparison of different cases requires the assumption of 
the approximate equivalence of centrally-acting charges. On 
various kinds of physical evidence relating to electrovalent com- 
pounds, departures from strict equivalence are to be expected, but 
in our view these are not to be regarded as significant in view of 
the magnitude of the differences under consideration. Chatterjee 
and Robinson’s contention (J., 1927, 2781) that Ingold, Ingold, 
and Shaw’s view is invalidated by this cause is entirely devoid of 
supporting evidence. There is one further consideration, namely, 
the effect of the stability of the -onium complexes themselves, 
The stability of an -onium complex may be deduced from the 
relative extents of the two simultaneous decompositions undergone 
by suitably constituted quaternary hydroxides, etc. (Hanhart and 
Ingold, J., 1927, 997), and we intend to institute a comparison 
between aromatic substitutions and exhaustive methylations on 
these lines. 

Addendum by J. W. Baker [Received, April 23rd, 1928].—The 
damping action of (1) external electron shells (this paper and cited 
references) and (2) an intercalated double linkage (Baker and 
Wilson, J., 1927, 843; Baker and Eccles, ibid., p. 2125) on the 
meta-orienting action of a positive pole situated in the side chain 
of a benzene derivative has now been studied, and each condition 
is found to cause a considerable loss of meta-orienting power. In 
a recent paper Robinson and Zaki (J., 1927, 2485) stated 
that Baker and Wilson contested the op-directing influence of 
an ethenoid centre; but this is incorrect, since the investigation 
of the latter authors was concerned only with the relative amounts 
of meta-nitration produced by the nitro-growp when the latter is 
separated from the benzene nucleus by an unsaturated carbon 
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chain, CHPh:CH-NO,, and by a saturated chain of equal length, 
CH,Ph:CH,:NO,. This effect, if propagated by conjugated polar. 
isation to the nucleus, should lead to more pronounced meta. 
substitution in the former case than in the latter. The reverse is 
true (2% and 13% respectively). Since, on nitration, p-nitro. 
benzylidenephenylnitromethane, CPh(NO,):CH-C,H,°NO, (in which 
the double bond is similarly situated with respect to the nucleus 
but is no longer in the direct path of transmission from the nitro. 
group) yields 21° of meta-isomeride, it was inferred that the 
recognised op-directive influence of the vinyl double bond is not 
sufficiently strong completely to annul the meta-directing shift 
originating in the nitro-group when this effect is not transmitted to 
the nucleus through the ethenoid centre. These results confirmed 
the conclusion reached by Baker and Ingold (J., 1927, 832) and 
Cooper and Ingold (ibid., p. 836) relating to the propagation of 
meta-directing influences from the side chain to the nucleus by the 


New 


mechanism (> instead of , &@ view substantiated 


by independent evidence by Le Févre and Turner (this vol., p. 245) 
and differing in no essential point from that adopted by Robinson 
and Zaki. 

Discussing the meta-nitration of benzaldoxime and its N-methyl 
ether in sulphuric acid, Brady and Miller (this vol., p. 338) remark 
that this is contrary to the suggestion (Ingold, Ann. Reports, 1926, 
23, 131) that the introduction of unsaturated centres between a 
meta-orienting group and the nucleus causes a very rapid damping 
of the orienting effect. Baker and Ingold, however, showed that 
the meta-orienting power of C=O (C=N, etc.) is due to the perman- 


s+ 8- += 
ently positively charged carbon atom C=O just as in NO,. In 
“pe 


-~CH=NRR’ the carbon, not the nitrogen, must be regarded as 
the effective meta-directing atom, and its positive charge is enhanced 


6+ 8— 
as compared with carbon in -C=NR by distribution (Ann. Reporis, 
1927, 24, 115) of the ionic charge of the pseudo-basic system of 
which it forms part. The work of Forsyth, Nimkar, and Pyman 

~ 


a, 
(J., 1926, 800) on amidine salts, -C(NH,)=NRR’, has already 
provided evidence illustrating this effect (Ann. Reports, 1926, 23, 
140). 
EXPERIMENTAL. 


Phenyldimethylphosphine has been prepared (Michaelis, Annalen, 
1876, 181, 359) with the aid of zinc methyl. We find that it can 
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readily be prepared by the action of magnesium methyl iodide on 
phosphenyl chloride in an atmosphere of hydrogen. A solution 
of phosphenyl chloride (25 g.) in an equal volume of ether was 
added to the Grignard solution prepared from methyl iodide (39-7 
g.) and magnesium (6-7 g.). After 2 hours, ice-water was added, 
and the tertiary phosphine, recovered from the ethereal layer, was 
distilled (yield, 35%). Treatment with methyl iodide yielded the 
methiodide ; this on addition to saturated aqueous sodium picrate 
precipitated phenyltrimethylphosphonium picrate, which separated 
from water in yellow needles, m. p. 132—133° (Found: C, 47:2; 
H, 4:3. C,;H,,0,N,P requires C, 47-1; H, 44%). 

Benzyl chloride in excess was allowed to react with trimethyl- 
phosphine (Renshaw and Greenlaw, J. Amer. Chem. Soc., 1920, 
42, 1472; Renshaw and Bell, ibid., 1921, 43, 916), and the de- 
liquescent phosphonium chloride was dissolved in water, extracted 
with ether to remove the excess of benzyl chloride, and converted 
into benzyltrimethylphosphonium picrate by precipitation with 
aqueous sodium picrate. The salt separated from water in flattened 
prisms, m. p. 173° (Found: C, 48-7; H,4-8. C,,.H,,0,N,P requires 
(, 48-6; H, 46%). 

Phenyldimethylarsine (Burrows and Turner, J., 1920, 117, 1378) 
was prepared from dimethyliodoarsine (Roberts, Turner, and Bury, 
J., 1926, 144), and converted through the methiodide into the 
quaternary picrate (m. p. 145°; Steinkopf and Schwer, Ber., 1921, 
54, 14), as in the previous examples. 

Benzyldimethylarsine was prepared as described by Roberts, 
Turner, and Bury (loc. cit.), excepting that the Grignard reaction 
was conducted in an atmosphere of hydrogen, and the yield thus 
increased to 33%. The methiodide yielded benzyltrimethylarsonium 
pierate, which crystallised from water in yellow prisms, m. p. 175— 
176° (Found: As, 16-9. ©,,H,,0,N,As requires As, 17-1%). 

Phenyldi-iodostibine was prepared by Schmidt’s method (Annalen, 
1920, 421, 188) and converted into phenyldimethylstibine by treat- 
ment with the requisite amount of magnesium methyl iodide in 
an atmosphere of hydrogen. The tertiary base (b. p. 110—115°/17 
mm.; Griittner and Wiernik, Ber., 1915, 48, 1759) was converted 
into the methiodide and thence into phenyltrimethylstibonium 
picrate, which crystallised from water in needles, m. p. 153° (Found : 
C, 38:1; H, 3-3. C,;H,,0,N,Sb requires C, 38-2; H, 3-4%). 

The conditions used by Vorlainder and Siebert (loc. cit.) for the 
nitration of phenyltrimethylammonium nitrate were found to be 
wsuitable for the corresponding phosphonium picrate, which was 
therefore nitrated at 60° (7 hours) with a mixture of equal volumes 
of fuming nitric and sulphuric acids. The product, m-nitrophenyl- 
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trimethylphosphonium picrate, which was for the most part pre 
cipitated on addition of ice, the small remainder being obtained 
by neutralising the filtrate with ammonia, evaporating it, 4 
extracting it with ethyl acetate, consisted of a single substance, 
m. p. 166—167° (Found : C, 42-15; H, 3-5. C,;H,,OgN,P requires 
C, 42-25; H, 3-55%%), the residues containing no trace of any isomer-§. 
ide. Although we were unable to establish satisfactory conditions§ 
for the quantitative application of Francis and Hill’s method off, 
orientation, the constitution of the substance follows from analogy§f. 
with the preparation of the corresponding ammonium and arsonium 
salts. 

The nitration of benzyltrimethylphosphonium picrate occurs 
much more easily than that of its lower homologue and a low 
temperature is necessary. The salt (4-0 g.) was added (1 hour)§, 
with stirring to nitric acid (30 g., d 1-5) at — 17°, and a further 
hour was allowed for completion of the reaction; ice (60 g.) was 
then added, and ammonia passed in to neutralise the free acid. §; 
The precipitate was collected and washed, the residues obtained 
on evaporation of the mother-liquors to dryness were extracted §, 
with acetone, and the residue from this solvent was washed with 
water, and so forth, until complete: separation from ammonium 
salts had been effected (yields, 96-5, 97-5%). By crystallisation 
from water, pure p-nitrobenzyltrimethylphosphonium picrate was 
isolated (yields, 70-1, 72-3°%) as needles, m. p. 188—189° (Found: 
C, 43-9; H, 4:0. C,,H,,O,N,P requires C, 43-6; H, 3-9%), and 
the proportion of m-derivative in the remainder (Found: C, 44-4, 
44-3; H, 4-0, 4-1%) estimated as usual by reduction and bromine- 
titration (Found : meta, 9-5, 10-7% of the total nitration products). 
The identity of the p-compound was proved by oxidation to p-nitro- 
benzoic acid. o-Nitrobenzyltrimethylphosphonium picrate was pre- 
pared by allowing o-nitrobenzyl chloride to react with trimethyl- 
phosphine in ethereal solution, and converting the quaternary 
chloride into the picrate with sodium picrate. It separated from 
water in small needles, m. p. 152—153° (Found : C, 43-9; H, 4:1%). 
m-Nitrobenzyltrimethylphosphonium picrate, prepared similarly from 
m-nitrobenzyl chloride, formed small needles, m. p. 171—172 
(Found: C, 43-4; H, 4:1%), and the p-salt obtained in the same 
manner was identical with the principal nitration product. These 
salts gave correct results on reduction and bromine-titration by 
Francis and Wilson’s method as used for the nitration product. 

The nitration of phenyltrimethylarsonium picrate takes place 
with difficulty, and the best conditions found were as follows. A 
solution of the salt (4-0 g.) in 30 g. of nitric acid (d 1-52) was heated 
in a closed tube at 100° for 5 hours. During this process the picrate 
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jn is partly oxidised but the aryltrimethylarsonium ions only 


ined iightly so (less than 1-5%). The cooled solution was diluted 


vith water (225 c.c.) containing 2°5 g. of picric acid and neutralised 
vith sodium hydroxide solution (50 c.c.). The major portion of 


iresfl he nitration product was precipitated as picrate, and the remainder 


‘Biolated, as in the foregoing experiments, acetone being used as 
wlvent (yields, close to 985%). Preliminary experiments having 
shown that m-nitrophenyltrimethylarsonium picrate was the main 
product but that the residues contained isomerides, the bulk of the 
n-compound was separated in the pure state by crystallisation from 
vater (94-6, 95-5, 95-5% of the total yield), and oriented by reduction 
ad bromination. It forms orange-yellow needles, m. p. 180° 
‘Bound: C, 38-1; H, 3-0; As, 15-6. C,;H,;O,N,As requires 
(38:2; H, 3-2; As, 15-99%). The residual mixtures (equivalent 
05-4, 4-5, 4-5% of the total) were reduced and titrated with bromine 
to obtain the meta-content (Found: 76, 74, 75%). The final 
‘Bigure for the proportion of m-compound is therefore 98-2% (mean). 
4n approximate check was obtained by determining the solubility 
of the m-compound in solutions equivalent, except for the absence 
of the other isomerides, to those from which it was crystallised, 
and this gave 98-0%. 

The nitration of benzyltrimethylarsonium picrate, the isolation 
of the products (yield, 100%), the partial separation (64:5%) of 
the para-compound, and the estimation of the m-isomeride in the 
useparated mixture (Found: C, 40-1; H, 3-6%) were conducted 
asin the case of the corresponding phosphonium compound (Found : 
neta, 3-4, 3-4%). p-Nitrobenzyltrimethylarsonium picrate crystal- 
lises from acetone in orange-yellow needles, m. p. 166—168° (Found : 
(40-1; H, 3-8; As, 15-1. C,,H,,O,N,As requires C, 39:7; H, 
35; As, 15°5%). 

Phenyltrimethylstibonium picrate is nitrated noticeably more 
readily than its phosphonium and arsonium analogues, and satis- 
factory conditions (yields, 99-5, 99-0%) were obtained by using 
the method for the former, except that the temperature was 0°. 
The isolation, partial separation of the m-isomeride (76-8, 73-0%), 
and the estimation of the m-isomeride (Found : meta, 85-4, 87-2%) 
were carried out by the method described for the arsonium com- 
pounds. m-Nitrophenyltrimethylstibonium picrate separates from 
water in needles, m. p. 203° (Found : C, 34-5; H, 2-9. C,;H,,;0,N,Sb 
requires C, 34:8; H, 29%). 

In the absence of definitely comparative experiments, reference 
was not made in the introduction to Ingold and Shaw’s suggestion 
J., 1927, 2923) that the speed of nitration in m-substituting com- 
pounds should show a general decrease in a series in which the 

UU 
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proportion of m-derivative formed increases; nevertheless, the 
above qualitative observations give considerable support to this 
deduction. 


We desire to record our thanks to the Royal Society for a grant 
in aid of this work. 


THE University, LEEDS. [Received, April 2nd, 1928.] 


CLXIX.—Diphenylamine-p-arsinic Acid. 


By CHaRLes STANLEY Gipson and JoHN DoBNEY ANDREW 
JOHNSON. 


Lies and WINTERSTEINER (Ber., 1928, 61, 107) state that diphenyl. 
amine-p-arsinic acid has no melting point but decomposes some. 
what sharply at 286° with foaming and blackening, and comment 
on the decomposition point, 265°, recorded by Burton and Gibson 
(J., 1926, 461). 

No specimen of our original preparation being available, we have 
again prepared the acid and, using a somewhat different method 
of purification, now find that the melting or decomposition point 
previously recorded is too low. Diphenylamine-p-arsinic acid, 
about the purity of which there can be little doubt, begins to darken 
slightly at 287° and decomposes with foaming and blackening at 
295—297°. The sodium salt is very sparingly soluble in 25%, 
sodium hydroxide solution and can be obtained crystalline from 
an even more dilute solution of the alkali. We confirm the descrip- 
tion of the magnesium salt and find that the easily prepared hydro- 
chloride (m. p. 153—155° with decomp.) is convenient for identific- 
ation purposes. 

Incidentally we have characterised N-acetyl-p-aminodiphenyl- 
amine (p-acetophenylamidoaniline), which should have been deseribei 
as a new compound in the former paper. 


EXPERIMENTAL. 
N-Acetyl-p-aminodiphenylamine (p-Acetophenylamidoaniline), 
C,H,;-N(CO-CH,)-C,H,-NH,.— 
To a mixture of p-nitroacetyldiphenylamine (22 g.), alcohol (55 ¢.c.) 
water (55 c.c.), and acetic acid (5:5 c.c.), iron filings (22 g.) wer 
cautiously added and the whole was gently heated under reflux. 
After the first vigorous reaction (during which external coolits 
with water is necessary) was over, the mixture was boiled for 
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4hours. The product was mixed with a large volume of alcohol 
and the solution was filtered without pressure, evaporated to small 
volume, and diluted with water. The base, which was partly 
precipitated, was removed by repeated extractions with ether, 
recovered from the extracts by means of dilute hydrochloric acid, 
and precipitated by concentrated aqueous ammonia as an oil 
which quickly solidified; after cooling in the ice-chest, it was 
collected and recrystallised from alcohol or ligroin, separating in 
colourless, flat, elongated needles, m. p. 127—128° [Found: N, 
12-3 (Gibson and Johnson), 12-7 (Burton and Gibson). C,,H,,ON, 
requires N, 12-4%]. On hydrolysis with boiling dilute hydro- 
chloric acid it gave p-aminodiphenylamine, m. p. 73° after re- 
crystallisation from ligroin (b. p. 60—80°) (compare Fischer and 
Wacker, Ber., 1888, 21, 2614). 

Diphenylamine-p-arsinic Acid.—The conversion of N-acetyl-p- 
aminodiphenylamine (31-3 g.) into crude N-acetyldiphenylamine- 
p-arsinic acid by means of the Bart reaction was carried out as 
previously described (Burton and Gibson, loc. cit.). The crude 
acid was dissolved in warm 25% sodium hydroxide solution (60 
cc.), and the sodium salt obtained on cooling was filtered off as 
completely as possible, dried on porous earthenware, and dissolved 
in warm water. Acidification of the cooled solution precipitated 
aslightly discoloured solid, the m. p. of which, 260—271° (decomp.), 
showed that some hydrolysis of the N-acetyldiphenylamine-p- 
arsinic acid had taken place. Hydrolysis was completed by boiling 
the crude acid (10-5 g.) with alcohol (21 c.c.) and hydrochloric acid 
(21 c.c.) for 1 hour and pouring the product into water. The 
precipitated acid was dissolved in a boiling dilute solution of 
ammonia and the solution was decolorised with charcoal and 
filtered while hot. The filtrate was again heated to boiling, acidified 
with dilute hydrochloric acid, treated with charcoal, and filtered. 
long, fine, colourless needles of diphenylamine-p-arsinic acid 
separated from the hot solution and were dried over potassium 
hydroxide in a vacuum desiccator. On being heated, the acid 
melted at 295—297° with frothing and blackening after slight 
darkening at 287° (compare Lieb and Wintersteiner, loc. cit.) (Found : 
N,4:8; As, 25-8. Calc.: N, 4:8; As, 256%). 

When a solution of diphenylamine-p-arsinic acid (0-95 g.) in hot 
alcohol (5-0 c.c.) and hydrochloric acid (20 c.c.) cools, the hydro- 
chloride is deposited in small, colourless needles, m. p. 153—155° 
(decomp.). It turns somewhat green during the decomposition, 
which is preceded by slight darkening and shrinking at about 148° 
(Found: Cl, 10-8. ©,,H,,0,NAs,HCl requires Cl, 10-75%). The 
‘dium salt of diphenylamine-p-arsinic acid separates from its 
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solution in warm 25%, sodium hydroxide on cooling in fine colour. 
less needles. The solution has a marked tendency to remain super- 
saturated at the ordinary temperature. 


Guy’s Hospirat Mepicat ScHoor, 
(UnivERsiry oF Lonpon), S.E. 1. [Received, April 4th, 1928.} 


CLXX.—Chelate Compounds of Thallium Dialkyl. 


By Ropert CHARLES Menzies, NEviIL VINCENT SIDGWICK, 
Eric F. Curciirre, and Joun M. C. Fox.* 


Tue known thallium dialkyl compounds are the salts of a strong 
univalent base Alk,Tl‘OH. We have prepared a series of deriv- 
atives of the dimethyl and diethyl bases with $-diketones, aceto- 
acetic ester, and salicylaldehyde, in order to see whether the pro- 
ducts were chelate compounds or salts. The presence of the two 
alkyl groups would give the thallium in a monochelate derivative 
the stable covalency of 4, and hence these bases should form such 
derivatives more readily than the alkali metals (see Sidgwick and 
Brewer, J., 1925, 127, 2379). The compounds are easily formed by 
three reactions: (1) by double decomposition of the thallium 
dialkyl halides with thallous acetylacetone and similar compounds, 
(2) by the action of crude thallium dialkyl ethoxide (from the 
iodide or bromide and thallous ethoxide) on the diketone, (3) from 
thallium dialkyl carbonate and the diketone. The products, which 
are of the type Alk,TIA (where A is the radical of the diketone or 
similar substance), have unusual properties. They are crystalline 
solids, which can be sublimed with ease under reduced pressure 
and are readily soluble in benzene and even in hexane. This 
indicates that they are not ionised, and so they may be assumed 
to be chelate compounds of types I and II (below) : 


CH, 0—-C-R 
a) “Sn” ScH CH O— (II, 
CH/ *O=C6—R CHy7"S O=CH 


In water on the other hand, with the exception of the benzoyl- 
acetone compounds, they are extremely soluble (which this structure 
would not lead us to expect), and they are clearly ionised, since 
the solution has a strong alkaline reaction (containing the salt of 
a strong base and a weak acid) and can be titrated quantitatively 
with acid and methyl-red, and it gives a precipitate of the sparingly 


* This work was carried out independently by one of us (R. C. M.) at Bristol, 
and the rest at Oxford. The simplest course seems to be to publish the 
combined results as a single paper. 
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soluble thallium dialkyl iodide with potassium iodide. Thus in 
water they pass (like hydrochloric acid and stannic chloride) from 
the covalent to the ionised state. Dimethyl and diethyl thallium 
benzoylacetone dissolve in water very slowly even on boiling; their 
alcoholic solutions, however, remain clear on mixing with much 
water, and can then be titrated quantitatively; ether extracts 
fom the diluted solution a substance which contains thallium 
dialkyl. 
EXPERIMENTAL. 

The thallium dialkyl halides were made by treating thallic 
chloride (dehydrated with copper sulphate) with excess of the 
Grignard reagent (Meyer and Bertheim, Ber., 1904, 37, 2051; 
Goddard, J., 1921, 149, 672). The carbonate was obtained from 
the iodide by treatment with silver oxide and evaporation of the 
filtrate in an open vessel, or by double decomposition with thallous 
carbonate. The ethoxide was made by double decomposition with 
thallous ethoxide in absolute alcohol. These materials were used 
in the crude state. The thallium was estimated by titration with 
acid and methyl-red, or gravimetrically, after decomposition of 
| the compound, either as chromate or as iodide (Meyer and Bertheim, 
loc. cit.; Goddard and Goddard, J., 1922, 121, 488). 

Thallium Dimethyl Acetylacetone.—Thallium dimethyl iodide 
(3:7 g.) was boiled in alcohol with thallous acetylacetone (3 g.) 
until a sample when filtered gave with potassium iodide a white 
precipitate free from yellow, thallous iodide. The hot liquid after 
filtering gave on cooling crystals of thallium dimethyl acetylacetone : 
more was obtained. from the mother-liquor. Yield, 64%. M. p. 
(from benzene) 214—215° with some decomposition (Found: 
Tl as chromate 61-6, as iodide 61-1, by titration 61:0; C, 25-0; 
H, 3-9. C,H,,0,T1 requires Tl, 61-3; C, 25-2; H, 39%). It is 
sparingly soluble in normal hexane and readily soluble in hot 
toluene and benzene, in methyl iodide (with which it seems to 
react slowly), and in warm carbon disulphide, the solution in 
which turns yellow on standing. The compound sublimes under 
atmospheric pressure, or better in a water-pump vacuum, at about 
170°. It can also be made from the carbonate and acetylacetone 
inaqueous alcohol. Like all the other chelate compounds described 
in this paper, except those of benzoylacetone, it dissolves slowly in 
cold water and readily in hot. The solution has an alkaline reaction, 
and gives a precipitate of thallium dimethyl iodide with potassium 
iodide. 

Thallium diethyl acetylacetone was made in the same way from 
the bromide (4 g.) and thallous acetylacetone (3 g.) in absolute 
alcohol. Yield, 81° (Found: Tl as chromate 57-1, by titration 
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56-7; C, 30-7; H, 5-0. C,H,,0,T1 requires Tl, 56-5; C, 29-9; 
H, 4:7%). It is soluble in n-hexane, cold toluene, and cold methy| 
iodide. 

Thallium Dimethyl Benzoylacetone—The reaction of the iodide 
with thallous benzoylacetone is very slow : the addition of ammonia 
(to increase the solubility of the iodide) leads to hydrolysis of the 
diketone and formation of thallium dimethyl acetate [Found : Tl, 
69-0. Cale. for (CH,),TI-O-CO-CH, : Tl, 69-7%]. The desired com. 
pound can be made by heating the carbonate with benzoylacetone 
(without solvent) at 150°; but at 100° no reaction occurs. It is 
better prepared by boiling thallous ethoxide (20 g.) with thallium 
dimethyl bromide (25-15 g.) in alcohol (300 c.c.), evaporating the 
filtered solution to small bulk, adding benzoylacetone (13 g.) in 
the minimum of alcohol, and evaporating the mixture to dryness 
in a vacuum. Yield, 78-7%. It forms colourless crystals (from 
ligroin or by sublimation), m. p. 128—129°, sublimes at 120°/20 
mm., and is readily soluble in cold methyl iodide, cold ether, hot 
hexane and hot benzene (Found : Tl by titration 51-5, as chromate 
51:4; C, 36:3; H, 4:05. C,,H,,;0,Tl requires Tl, 51-7; C, 36-4; 
H, 3-8%). 

Thallium Diethyl Benzoylacetone.—A solution of thallium diethyl 
bromide (19 g.) and thallous ethoxide (12-5 g.) in aleohol (250 c.c.) was 
boiled, filtered, and evaporated to 20 c.c. Benzoylacetone (8 g.) was 
added : it dissolved in the hot solution, and on cooling, the required 
compound separated; after recrystallisation from ligroin it was 
obtained in 72% yield; m. p. 116—118°. It is soluble in methyl 
iodide, and very soluble in dry ether, from which it crystallises 
well. 100 G. of a solution in light petroleum (b. p. 40—60°), satur- 
ated at 19°, contain 3-29 g. (Found: Tl as chromate 46-5, by 
titration 48-6; C, 39:5; H, 4:6. C,,H,,0,Tl requires Tl, 48:3; 
C, 39:7; H, 45%). 

Ethyl Thallium Dimethyl Acetoacetate.—The filtrate from thallous 
ethoxide (2-5 g.) and thallium dimethyl iodide (3-6 g.) was evapor- 
ated to dryness in a vacuum. To the residue, after solution in 
light petroleum, ethyl acetoacetate (1-3 g.) in light petroleum was 
added. 1-8 G. of the desired compound separated on cooling, and 
0-6 g. was got from the mother-liquor. Yield, 66%. It forms 
thick, colourless prisms, m. p. 128—130°, soluble in the cold in 
n-hexane, benzene, toluene, and methyl iodide (Found: TI as 
chromate 55-7, as iodide 56-1, by titration 56:3. C,H,,0,ll 
requires Tl, 56-3). The compound is also formed by heating the 
carbonate with ethyl acetoacetate in benzene. 

Ethyl Thallium Diethyl Acetoacetate.—Ethyl acetoacetate (4 g.) 
was added to the concentrated alcoholic solution (20 c.c.) from 
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thallium diethyl bromide (10-3 g.) and thallium ethoxide (7-5 g.), 
and the liquid evaporated to dryness, finally in a vacuum. The 
product is difficult to purify on account of its great solubility. 
It was boiled in ligroin with animal charcoal, and the clear brown 
filtrate on concentration to small bulk and cooling gave large, 
almost colourless crystals. Yield of pure product, 58%; m. p. 
§8—90°. In the cold the compound is readily soluble in n-hexane 
and very readily in dry ether and methyl iodide (Found: Tl by 
titration, 52-2, 52-1. C, 9H, O,T1 requires Tl, 52-35%). 

Thallium Dimethyl Salicylaldehyde—Salicylaldehyde (3-66 g.) 
and crude thallium dimethyl carbonate (7-9 g.) were boiled with 
pure benzene until the distillate was no longer cloudy, showing 
that the water formed in the reaction was removed. On cooling, 
part, and on concentration more, of the product separated. Yield, 
63%. It forms lemon-yellow crystals, decomp. 200°, which can 
be sublimed at 160—170°/20 mm., and is easily soluble in benzene 
(Found: Tl as chromate 57-5, by titration 57-7; C,'30-5; H, 3-3. 
(,H,,0,T1 requires Tl, 57-4; C, 30-4; H, 3-1%). 
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CLXXI.—Molecular Dissymmetry Dependent on 
Restriction of Rotation about a Single Bond. 
Optically Active Benzenesulphonyl-8-nitro-1- 
naphthylglycine. 


By Witt1am Hopson Mitts and KENNETH ALLAN CALDWELL 
ELLIOTT. 


Ir, as appears probable (see, for example, Mills, Chemistry and 
Industry Review, 1926, 45, 884), the molecular dissymmetry of 
certain diphenic acids, discovered by Kenner and his co-workers 
(J., 1922, 124, 614, and subsequent papers) is due to obstruction of 
the rotation of the two benzene nuclei of the diphenyl molecule 
about a common axis by substituent groups in the 6- and 6’-posi- 
tions, it should be possible to obtain evidence of a similar restriction 
of rotation in other classes of compounds and especially among the 
peri-disubstitution derivatives of naphthalene. 
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Thus, it seemed that in a compound of formula (I) derived from 
1:8-nitronaphthylamine by replacement of the hydrogen atoms 
of the amino-group by two groups RX,, R’Y;, the rotation of the 
complex radical X,R—N—R’Y, about the carbon-nitrogen bond 
by which it is linked to the naphthalene nucleus must be restricted 
by the presence of the nitro-group to a comparatively limited are, 
as is indicated by the diagrams Ila, [1b (which are intended to 
represent I viewed from above, the thick line denoting the 
naphthalene nucleus viewed edge-wise). 
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It is clear that if the rotation is in fact thus limited a compound 
of the above type should exist in two enantiomorphous modifications, 
and if, as is probable, their resistance 
to intertransformation — through 
thermal agitation were considerable 
these modifications should show 
considerable persistence at moderate 
temperatures. 

The probability that the rotation 
of the —-N(RX,)(R’Y,) complex will 
be obstructed by the nitro-group is 
perhaps more clearly indicated in 
the diagrammatic representation of 
the compound given in Fig. 1, 
which is constructed on the assump.- 
tion that the atoms of carbon, 
nitrogen, and oxygen may be re- 

garded for this purpose as spheres of diameter approximately 
1:5 AU. 

The ten carbon atoms of the naphthalene nucleus are shown in 
the lower half of the figure and the hydrogen atoms are omitted 
to simplify the diagram. The group of three vertically shaded 
spheres attached to the naphthalene nucleus in the 8-position 
represents a nitro-group; the horizontally shaded sphere represents 
the nitrogen atom of the -N(RX,)(R’Y;) complex, and the -RX;, 
and R’Y, groups are indicated with broken outlines. It will be seen 
that the nitro-group projects far into the space that the —RX, and 
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-R'Y, groups would sweep through if the complex —N(RX,)(R’Y;) 
were rotated about the axis PP’. Unless, therefore, the diagram 
makes the peri-positions considerably too close together in com- 
parison with the size of the substituent groups, the passage of the 
RX,-group or R’Y,-group over the obstacle presented by the nitro- 
goup would require exceptional distortion of the molecule. It is, 
however, improbable that the peri-positions are more widely separ- 
ated than represented in this diagram, in which the centres of the 
carbon atoms of the naphthalene nucleus are shown as 1-5 A.U. 
apart, and lying with a regular hexagonal arrangement in one plane. 
Ifthe molecule of naphthalene has a configuration which differs con- 
siderably from this, the difference will almost certainly be in the 
direction of greater compactness. X-Ray analysis would indicate 
that, at any rate in the crystalline state, the atoms of the naphthalene 
molecule are more closely packed than represented here; moreover, 
the structure of aromatic nuclei is not improbably related to that of 
the hexagonal nets in graphite in which the centres of the carbon 
atoms are only 1-45 A.U. apart (Bernal, Proc. Roy. Soc., 1924, A, 
106, 760). 

A compound of the type under consideration should therefore 
exist in two enantiomorphous modifications of considerable persist- 
ence, as indicated by the formule (IIa) and (IIb). 

The compound which we selected for testing these views experi- 
mentally was the benzenesulphony] derivative of 8-nitro-1-naphthyl- 
glycine (IIT), the ester of which was readily prepared by the action 
of ethyl bromoacetate on the sodio-derivative of benzenesulphonyl- 
§-nitro-1-naphthylamine (IV), there being no indication of appreciable 
steric hindrance to the entry of the additional substituent group. 
The sulphonyl group in this compound serves to deprive the nitrogen 

PhSO,. /CH,°CO,H 
N 
NO, 
(III) 


atom of any tendency to pass into the ammonium state and the 
carboxyl group gives the substance the power of forming salts with 
optically active bases needed for examining its resolvability into 
optical antipodes. 

Experiments carried out with the brucine salt showed that the 
acid could in fact be obtained in two antimeric optically active 
forms. When equivalent quantities of the acid and brucine were 
mixed in acetone solution a brucine salt crystallised in more than 
0°, of the theoretical yield and this was the brucine salt of a 

uu2 
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levorotatory modification of the acid. For after its decomposition 
by extraction of its chloroform solution with sulphuric acid the 
resulting chloroform solution of the acid was strongly levorotatory, 
but the levorotation gradually disappeared in accordance with the 
unimolecular law as shown by curve Ib in Fig. 2. The time of half. 
change at 14-9° was 17 minutes and the average time of persistence 
of a molecule in either of the two modifications (IIa) or (IIb) was 
accordingly 25 minutes. The specific rotation, [«];4g,, when first 
observed was — 242°, but as this observation was not made until 
13 minutes after the salt had been added to the chloroform the 


Fia. 2. 


| 
| 


10 20 30 40 50 60 70 80 90 ©* 
Minutes. : 

initial value of the specific rotation must have been considerably 

greater, probably at least — 400°. 

Moreover chloroform solutions of this brucine /-acid salt showed 
mutarotation, the original strong levorotation diminishing greatly as 
the acid component of the salt lost its activity. Thus in a typical 
experiment, the first reading (taken 4 minutes after bringing the salt 
into contact with chloroform) showed a rotation, «54,, of — 3°86° and 
this fell steadily during 48 minutes at 15-5° to —0-19°, the final value 
reached after equilibrium had become established being — 0:18. 
The average period of half-change in this experiment was 5 minutes; 
the racemisation of the acid is thus much more rapid when in com- 
bination with brucine than in the free state. The course of the 
mutarotation of this salt is shown in Fig. 2, curve IIb. The various 
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curves in this figure represent observed rotations of mercury green 
light for equimolecular solutions (0-00947M) in chloroform in a 
4dem. tube plotted against the time in minutes after bringing the 
substance into contact with the solvent, the temperature being Ia, 
15:3°; Ib, 14-9°; Ila, 15-5°; and IIb, 14-8°. 

The dextrorotatory form of the acid was obtained in the following 
manner. The brucine l-acid salt was dissolved in methyl alcohol, 
in which it is easily soluble, but the solution soon deposited a new 
salt which is sparingly soluble in this solvent. The new salt has 
3molecules of water of crystallisation, the original salt having only 1, 
and whereas the new salt is less soluble than the original in methyl 
alcohol, it is much the more soluble in acetone. 

Examination showed that this new salt was, as had been antici- 
pated, the brucine salt of the d-acid. Its solution in chloroform, 
observed as soon as possible after preparation, was strongly dextro- 
rotatory, [«]54g, + 103°, and the rotation gradually sank (Fig. 2, 
curve Ila) with an average period of half-change of 5-2 minutes, 
reaching zero after 22 minutes, and then becoming negative; the 
equilibrium value finally attained was the same as that for the 
brucine salt of the J-acid. 

By removing the brucine from a solution of the salt in chloroform 
a solution of the d-acid was obtained, the first observation, made 
ll minutes after bringing the salt into contact with chloroform, 
giving the reading a54¢, + 4°19° ([a]54¢, + 287°), and the rotation 
was seen to sink gradually according to the unimolecular law (Fig. 2, 
curve Ia), reaching zero (practically) in about 14 hours. The 
temperature was 0-4° higher than in the corresponding experiment 
described for the J-acid and the time of half-change, 15-9 minutes, 
was accordingly somewhat shorter. 

It has thus been established that benzenesulphonylnitronaphthyl- 
glycine can exist in two enantiomorphous modifications which 
possess a limited stability to thermal agitation. Since attempts to 
resolve nitrogen compounds of the type Nabe by methods similar to 
that used in this investigation have proved uniformly unsuccessful, 
it seems justifiable to disregard the possibility that the optical 
activity of this acid could arise from the presence of the possibly 
asymmetric nitrogen atom N(C,,H,*NO,)(SO,Ph)(CH,°CO,H). For 
similar reasons the possibility that it might be a consequence of 
the nonplanar configuration of the naphthalene molecule may also, 
we think, be considered out of the question. 

To obtain experimental confirmation of this (although we would 
hot unduly stress the value of such negative evidence) we prepared 
and examined the corresponding compound in which the nitro- 
group in the 8-position was lacking, benzenesulphonyl-1-naphthy]l- 
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glycine. The brucine salt of this acid unfortunately could not be 
got to crystallise; quinine, however, gave a crystalline salt, but we 
could obtain no indication that the acid could be rendered optically 
active by this alkaloid. 

It would seem, therefore, that there is no reasonable alternative 
to referring the molecular dissymmetry of benzenesulphonylnitro. 
naphthylglycine to its most obvious cause—the restriction of the 
rotation of the Ph-SO,-N-CH,"CO,H complex about the bond linking 
it to the naphthalene nucleus by the obstruction presented by the 
8-nitro-group. 

The demonstration that this peri-disubstitution derivative of 
naphthalene can exist in optically active modifications evidently 
serves to confirm the theory that the molecular dissymmetry of the 
substituted diphenic acids likewise has its origin in steric restriction 
of rotation. 

The naphthalene derivative differs considerably, however, from 
the diphenic acids in the readiness with which it undergoes auto- 
racemisation; the optical stability of the diphenic acids is much 
greater (Christie and Kenner, J., 1922, 121, 614; Bell and Robinson, 
J., 1927, 2234; Kuhn and Albrecht, Annalen, 1927, 455, 272; 458, 
221). This may be due in part to differences in rigidity of the bonds 
concerned—in the naphthalene derivative it is a tervalent nitrogen 
atom that forms the hub of the rotating system—but the chief 
cause doubtless lies in the fact that the distance between substituent 
atoms is greater when they are in the naphthalene peri-relationship 
than when in the 6- and 6’-positions (at closest approach) of the 
diphenyl molecule. Some rough indication of the relationship 
between these distances may perhaps be obtained by assuming a 
regular hexagonal arrangement for the carbon atoms of the benzene 
nucleus. The distances would then be, as the accompanying 


diagrams show, in the ratio of 1 : V3, or 1: 1-73. The temperature 


git Tg 
coefficient (for 10°) of the racemisation velocity of the brucine salts 
in chloroform solution, calculated from the velocity coefficients at 
14-8° and 0-6°, was found to be 3-27. This corresponds with a heat 
of activation of 18,500 cal. 

In consequence of their ready autoracemisation the brucine salts 
of the optically active modifications of the acid are evidently 
obtained as the result of processes of activation rather than 
resolution, similar to those observed, for example, by Pope and 
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Peachey (P., 1900, 16, 116) with methylethylpropyltin camphor- 
sulphonate, and by Mills and Bain (J., 1910, 97, 1866) with the 
morphine and quinine salts of the oxime of cyclohexanone-4-carb- 
oxylic acid. 

The acid can also be rendered optically active by brucine in another 
way in which no separation of a solid phase is involved. When 
equivalent quantities of brucine and the inactive acid are dissolved 
separately in chloroform and the two solutions then mixed, the initial 
levorotation of the mixture, due to the brucine, is observed to fall 
gradually to an equilibrium value as shown diagrammatically in Fig. 2, 
curve III. The amount of change depends on the temperature, 
being greater at lower temperatures. In an experiment carried out 
at 1° the levorotation fell in a little over 14 hours to 28° of the 
value first observed. The most probable cause of this mutarotation 
was partial activation of the acid; though slowness of salt formation 
in chloroform, which, however, is scarcely to be expected, would 
give rise to an effect of the kind observed, brucine being much more 
strongly levorotatory in the free state than in its salts; slow 
solvation of the salt also might cause mutarotation. It was possible 
to show, however, by direct experiment that the phenomenon was 
actually due to the first of these causes. A chloroform solution of 
the salt was allowed to attain equilibrium at 0°, and the salt was 
then decomposed by extracting the solution with dilute sulphuric 
acid, whereby the brucine was removed and a chloroform solution 
of the acid was obtained. This solution showed a dextrorotation, 
similar in magnitude to the fall which had taken place in the levo- 
rotation of the salt, and this rotation gradually fell to zero in accord- 
ance with the unimolecular law. The mutarotation must therefore 
have been due to the establishment of an equilibrium in which an 
excess of brucine d-acid salt was present. The interaction between 
brucine and the un-nitrated acid, benzenesulphonyl-1-naphthyl- 
glycine, was examined in a similar way. Here no trace of mutaro- 
tation was observed : the rotation had a constant value which was 
very nearly the same as the initial value for the brucine salt of the 
inactive nitro-acid. We regard this difference between the two acids 
as evidence of some weight that the molecular dissymmetry of the 
nitro-acid is determined by the nitro-group in the manner suggested 
and is not due to some other cause. 

Since in a solution of the salt the brucine can scarcely have any 
directive effect on the free acid or on the acid-ion produced by 
lissociation, it would seem that the inequality of the amounts of 
the brucine d-acid salt and brucine l-acid salt present at equilibrium 
must be due primarily to differences in properties of the undissociated 
forms of these salts. There must be a difference between the 
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velocity coefficients of partial racemisation of the undissociated 
salts, and from the presence of an excess of d-acid salt in the 
equilibrium it is to be inferred that the coefficient for that salt is 
smaller than that for the brucine l-acid salt. The constants of 
dissociation of the two salts into ions (as well as into acid and base) 
will also differ to a greater or less extent, for it is evident that the 
ion of a dissymmetric base may fit more closely to one of the 
antimeric ions of a dissymmetric acid than to the other. Since the 
degree of dissociation in chloroform may be assumed to be small, 
the effect of this on the equilibrium will probably be smaller than that 
of the inequality of the velocity coefficients of partial racemisation 
and will be dependent on the relation between the velocity of inter. 
transformation of the d- and l-free acids and of their ions and the 
velocities of intertransformation of the undissociated forms of the 
two salts.* The behaviour of these brucine salts is clearly analogous 
to that of the hydroxyhydrindamine salts of chlorobromomethane. 
sulphonic acid and chlorobromoacetic acid described by Read and 
McMath (J., 1925, 127, 1572; 1926, 2183). 

It is evident that the occurrence of molecular dissymmetry depend- 
ent on obstructed rotation is also to be expected in other classes of 
compounds in which similar spatial relationships exist. The 
investigation of quaternary salts of appropriate 8-substitution 
derivatives of quinoline is being undertaken from this point of 
view. 

EXPERIMENTAL. 

1-Benzenesulphonamido-8-nitronaphthalene (IV).—An _ excess 
(nearly 14 equivs.) of benzenesulphonyl chloride dissolved in 
anhydrous pyridine was added to a pyridine solution of 8-nitro-l- 
naphthylamine ¢ (Meldola and Streatfeild, J., 1893, 63, 1055) and 
the mixture was left over-night. The liquid was largely diluted 
with water, made alkaline with sodium hydroxide, filtered, and then 
acidified with hydrochloric acid. The benzenesulphonyl derivative 
thus precipitated crystallised from alcohol in colourless needles, 
m. p. 198—199° (Found: C, 58-4; H, 3-6. C,,H,,0,N,S requires 
C, 58:5; H, 37%). Yield, 81%. 

* The ratio (p) of the quantities of the d- and J-acid salts present in solution 

at equilibrium is easily shown to be given by the equation 
_ ku + ar(k — kr) 
kp + ap(k — kp)’ 
where ap and ay are the degrees of dissociation of the brucine d-acid and 
l-acid salts, kp and ky, the velocity coefficients of racemisation for the undis- 
sociated parts of these salts, and k the velocity coefficient of racemisation 
for the dissociated part. 


t A product melting at 90—91° was found to be sufficiently pure to give # 
pure benzenesulphony! derivative. 
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]-Dibenzenesulphonamido-8-nitronaphthalene, 
NO,°C,9H,*N(SO,Ph),, 
yas formed as a by-product and was separated on filtering the alkaline 
slution. It crystallises from much boiling water in short needles, 
mn. p. 199°, mixed m. p. with the monosulphony] derivative about 
110° (Found: S, 13-5. C,.H,,0,N,S8, requires S, 13-7%). The 
quantity produced was about 7%, of the nitronaphthylamine used. 

Ethyl N-Benzenesulphonyl-8-nitro-1-naphthylaminoacetate.— An 
absolute alcoholic solution of sodium ethoxide (1 equiv.) was added 
sowly to a suspension of benzenesulphonamidonitronaphthalene in 
absolute alcohol, and ethyl bromoacetate (slightly more than 1 
equiv.) added to the resulting solution of the sodium salt, On 
woling after boiling over-night, tufts of short needle-like crystals 
were formed, which, recrystallised from alcohol, melted at 173° 
(Found : C,58-2; H,4-4. C,9H,,0O,N,S requires C, 58-0; H, 44%). 
Yield, 75%. 

N-Benzenesulphonyl-8-nitro-1-naphthylglycine—The ester (12 g.) 
was dissolved in acetic acid (135 c.c.), dilute sulphuric acid (1:12 
vols.; 60 c.c.) added, and the mixture kept at the boiling temperature 
over-night. It was then diluted largely, the acid redissolved by 
adding ammonia, the solution filtered, and the acid precipitated 
with hydrochloric acid. It crystallised from dilute acetic acid, 
after being decolorised with charcoal, in needles, m. p. 214° (Found : 
(, 55-6; H, 3-8; N, 7-1; S, 8-2. C,,H,,0,N,S requires C, 55-9; 
H, 3:7; N, 7-25; S, 8-2%). Yield of recrystallised product, 81%. 

Brucine 1-Benzenesulphonyl-8-nitro-1-naphthylaminoacetate.—When 
lutions in acetone of equivalent quantities of the inactive acid 
and brucine are mixed, the salt of the /-acid is deposited after a short 
time as a fine, heavy powder, m. p. 195—196°. It contains 1H,O 
Found: H,O, 2-1. Cy,;Hy0,)N,8,H,O requires H,O, 2-25%). 
Yield, 98 %. 

A solution of the salt in chloroform containing 0-378 g. of the 
monohydrate in 50 c.c. showed at 15-5° the following rotations 
(|= 4), the first observation being made 4 minutes after the salt 
had been first wetted : 
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In this and in the following tables the numbers in the first column 
give the time (minutes) from the first observation; those in the 
second column are observed rotations of mercury green light; and 
those in the third column are calculated with the usual formula for 
the velocity coefficient of a unimolecular reaction, using decadic 
logarithms. 

Mutarotation of 1|-Benzenesulphonyl-8-nitro-1-naphthylglycine.—A 
chloroform solution of the brucine /-acid salt containing 0-378 g. 
of salt in 50 c.c. was extracted twice with dilute (1:6) sulphuric 
acid (30 c.c.) to remove the brucine. The filtered chloroform solu. 
tion of the acid obtained showed at 14-9° the following rotations 
(l = 4), the first reading having been made 13 minutes after the 
first wetting of the salt with chloroform : 

k. . 45161° k. 

ike —1:06° —0-0170 
0-0190 , —0-75 0-0180 
0-0161 —0-55 0-0182 
0-0179 : —0-46 0-0181 
0-0166 . —0-39 0-0179 
0-0174 50- —0-30 0-0180 
0-0170 —0-18 0-0188 
0-0173 , —0°15 0-0167 
0-0169 —0-02 _- 

Brucine d-Benzenesulphonyl-8-nitro-1-naphthylaminoacetate. — The 
brucine salt of the /-acid (4 g.) was dissolved in boiling methyl 
alcohol (400 c.c.) and the solution on cooling deposited the brucine 
salt of the d-acid (3 g.) as colourless needles containing 3 molecules 
of water of crystallisation (Found : H,O, 6-4. C,H, 90,,N,8,3H,0 
requires H,O, 6-5%). It is soluble in hot acetone and, on standing, 
the solution deposits the brucine salt of the l-acid as a colourless 
powder, m. p. 195—196°. 

A solution of the salt in chloroform containing 0-395 g. of the 
trihydrate in 50 c.c. showed at 14°8° the following rotations of the 
mercury green light (/ = 4), the first observation being made 5 
minutes after the salt had been wetted : 


bo 


ASeRROIMNYOS 


Oe lel 
oS i) 


é. Q5461° k. t. Q5461° & 

+3°25° — 14-3 +0-31° 0-059 
+ 2-43 0-059 21-5 + 0:02 0-057 
+2-04 0-063 26 —0-08 0-059 
-+1-78 0-061 30 —0-11 0-053 
+ 1-43 0-060 33-5 —0-13 0-055 
+1-03 0-059 36-7 —0-15 0-056 
+0-86 0-061 41 —0-16 0-055 
+ 0-62 0-059 oO —0-18 _ 
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On repeating the experiment at a lower temperature (0-6°), the 
same quantities being used, the following observations of the muta- 
rotation of the salt were made, the first reading being taken 11} 
minutes after bringing the salt into contact with chloroform : 
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O5461° k. t. Os5461° k. 
+3-85° — 27 -+-1-86° 0-0108 
+3-66 0-0102 32 + 1-59 0-0110 
43-47 0-0115 87:5 41-34 0-0111 
+ 3-30 0-0105 45°8 +-1-03 0-0112 
+3-07 0-0109 54-5 + 0:80 0-0110 
+-2-92 0-0107 64 +0-60 0-0109 
+ 2-66 0-0102 84 + 0°46 0-0093 
+ 2-36 0-0104 oo —Q:22 — 
+ 2-06 0-0107 

Mutarotation of d-Benzenesulphonyl-8-nitro-1-naphthylglycine.—A 
chloroform solution of the d-acid was obtained by removal of the 
brucine from a solution (50 c.c.) of the brucine d-acid salt (0-395 g.) 
in chloroform by extraction with dilute sulphuric acid. The solu- 
tion showed at 15-3° the following rotations (J = 4), the first having 
been made 11 minutes after the salt had been wetted : 

%5461° k. t. @5461° 

+4-19° — 34:9 +0-89° 
+3°74 0-0179 45:5 +0-56 
43-47 0-0180 53 +0-35 
+3-06 0-0184 61 +0-23 
+2°71 0-0187 69-3 +0-14 
+230 0-0190 74:5 +0-11 

42-06 0-0184 84-5 4.004 
+1-78 0-0185 00 —0:05 
+1-53 0-0191 

+1-23 0-0187 

The final slight levorotation was due to a trace of unremoved 
brucine. 

Activation of the Acid by Brucine in Chloroform Solution.—A 
solution (25 c.c.) of the inactive acid (0-183 g.) in chloroform and the 
same volume of a chloroform solution of brucine (0-221 g.) were 
cooled to 0° and mixed and the mixture was observed in a jacketed 
4dem. tube, the temperature rising during the experiment from 
07° to 15°. The following readings were made : 

0 3 8 15 22 25 30 
—0-78° —0-76° —0-70° —0-65° —0-55° —0-52° —0-47° 
42-6 55 68 80 92 20 
—0-39° —0-33° —0-30° —0-26° —0-23° —0-22° 

The equilibrium varies considerably with the temperature; when 
the temperature was allowed to rise to 14° the rotation fell to — 0-43°. 
The equilibrium rotation is also affected by the addition of an 
excess of acid; in an experiment carried out at 14-5° with the same 
quantities as above, an equilibrium rotation of — 0-34° was observed, 
and this rose to — 0-11° after an additional 0-1 g. of acid had been 
dissolved in the solution; this may indicate a slight dissociation of 
the salt in chloroform. 

That the rise of rotation was due to the production of an excess 
of d-acid in the solution was proved as follows: A chloroform 
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solution (50 c.c.) of the inactive acid (0-183 g.) and brucine (0-211 g,) 
was kept in ice for 3 hours to allow equilibrium to become established 
and the brucine was then removed as rapidly as possible by extraction 
with ice-cold dilute sulphuric acid. A little acetone (6 c.c.) was added 
to keep the acid in solution and the chloroform—acetone solution was 
observed at 1-2°, the first reading being made 11 minutes after ad. 
dition of the sulphuric acid. The following observations were made: 
0 4:3 16 22 32:5 
+0:59° +0-55° 40-49° +40-46° +0419 
63 93 173 re 
+0-37° +0-33° +0-24° —0-01° 

Ethyl Benzenesulphonyl-|-naphthylaminoacetate——This was pre- 
pared from benzenesulphon-l-naphthylamide (Witt and Schmidt, 
Ber., 1894, 27, 2371), which we obtained, however, similarly to the 
nitro-derivative, from l-naphthylamine (9-5 g.), benzenesulphony| 
chloride (11-8 g.), and pyridine (75 c.c.); m. p. 170—171° (Witt and 
Schmidt give 166—167°). 

Benzenesulphon-1-naphthylamide (9 g.) was dissolved in a solution 
of sodium ethoxide, made from sodium (0-73 g.) and alcohol (110 c.c.), 
ethyl bromoacetate (5-4 g.) was then added, and the mixture left 
over-night. The product, isolated in the same way as the nitro. 
derivative, formed colourless, flat, rhombic prisms, m. p. 89°; yield 
of recrystallised substance, 83-5% (Found: S, 8-7. C,. H,,0,NS8 
requires S, 8-:7%). 

Benzenesulphonyl-1-naphthylglycine.—The hydrolysis of the ester 
was carried out similarly to that of the nitro-ester. The ester 
(7-4 g.) was boiled with a mixture of acetic acid (100 c.c.), water 
(50 c.c.), and dilute sulphuric acid (20 c.c.). The resulting acid, 
crystallised from dilute acetic acid, formed short needles, m. p. 
188—189°; yield, 89% (Found: C, 63-4; H, 4-5; N, 4-4; S, 93. 
C,,H,;0,NS requires C, 63-3; H, 4-4; N, 4-1; S, 9-4%). 

When equivalent quantities of the acid and quinine dissolved in 
acetone are mixed, the quinine salt is rapidly deposited in almost 
theoretical amount. It melts at 230° and is unaltered in melting 
point after crystallising from a large volume of methyl alcohol. 
Solutions of this salt in chloroform showed no mutarotation, neither 
could any indication be obtained that the acid could be activated 
by brucine. The acid (0-162 g.) and brucine (0-221 g.) were each 
dissolved separately in chloroform (25 c.c.) and the two solutions 
were mixed at 0°. On examination of the solution in the polari- 
meter no mutarotation could be detected, the rotation remaining 
quite constant at — 0-94° at 1°. 
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CLXXII.—The Higher-boiling Constituents of the 
Essential Oil of Hops. | 
By A. CHaston CHAPMAN. it 


Iv my earlier work on the essential oil of hops (J., 1895, 67, 54) 
comparatively small quantities of the oil were used, and consequently 


ate the amount of high-boiling fractions, that is, of fractions boiling at 
temperatures above the boiling point of humulene, was so small as 
to render their examination impossible. 

pre. Through the kindness of Messrs. White, Tomkins and Courage, 

ridt, @ Ltd., I have had placed at my disposal a quantity of these high- 

, the boiling fractions obtained by them in the rectification of hop oil on 

ony] the large scale. This residue consisted of a dark, viscous oil having 

and @ “odour differing appreciably from that of ordinary hop oil. Having 


been dried by heating gently in a current of carbon dioxide, it was 
distilled under a pressure of 4 mm., and three fractions were collected, 
b. p. 80—150°, 150—180°, and 180—210° respectively. On further 
fractional distillation the following seven fractions were obtained : 


tro- @ Frac- t y Frac- a, ae 

ield @ tion. B.p. np . dx. tion. B. p. nip. dx. 

NS l 87— 97° 1-4769 0-8948 5 140—150° 1-4960 0-9389 1 

; 2 97—110 1-4900 0-9091 6 150—180 1-4969 0-9469 
3 110—130 1-4940 0-9328 7 180—200 1-4975 0-9560 

ster 4 130—140 1-4950 0-9379 

ter Fraction No. 1 (b. p. 87—97°).—This reacted strongly with sodium 


ter # and was found to contain a considerable proportion of saponifiable i} 
id, substances. It was therefore heated with a slight excess of alcoholic : 
p. @ potash, and the unsaponifiable oil which remained was separated, 
‘3. @ dried, and redistilled, the boiling point rising from 65° to 120°. 


This oil was then esterified in the usual manner by treatment with 
phthalic anhydride, the portion which resisted esterification being 
separated and submitted to a fractional distillation. Three fractions 
were obtained boiling at 76—85°, 85—90°, and 90—98°/4 mm., 
respectively. Fraction No. 1 reacted vigorously with sodium and 
on the addition of semicarbazide gave a small quantity of a crystalline 
substance which, after recrystallisation from light petroleum, melted 
at 98° (Found: C, 66-8; H, 10-1; N, 17-0. C,,H,,ON, requires 
C, 66-9; H, 9-9; N, 16-8%). From the above formula it would appear 
that the reacting carbonyl compound must have had the formula 
(,3H,.0. The molecular weight of the substance regenerated from 
the semicarbazone was found by the cryoscopic method to be 190 
(C,,H,,O requires M, 194). This substance had a pleasant odour, 
and b. p. 74—76°/3 mm., d%- 0-8861, n%° 1-485, and [a]p — 0°4°. 
It appears to be a new ketone, for which I suggest the name luparone, 
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but unfortunately the quantity obtained was so small that further 


examination was impossible. 
Fraction No. 2 (b. p. 97—110°).—This consisted almost entirely 


of humulene, and the small amount of liquid having a higher boiling 


point than that of humulene was added to the next fractions. 
Fractions Nos. 3, 4 and 5 (b. p. 110—150°).—The general character. 

istics of these three fractions having proved to be similar, they were 

mixed and submitted to further fractionation. Four fractions were 


obtained boiling from 122—174°/3 mm. The densities (20°/20°)4"° 


of these ranged from 0-9310 to 0-9398, the refractive indices (20°) 
from 1°4925 to 1-4950, and the rotations from -++ 2-3° for the 
lowest fraction to — 1-2° for the highest. 

As all these fractions reacted with alkali, it was thought that esters 
or other saponifiable substances might be present, and the mixed 
fractions were therefore heated with a slight excess of alcoholic 
potash. Investigation showed that the disappearance of the alkali 
was due not to the hydrolysis of esters, but to the decomposition 
of some substance with the formation of an acid. Treatment with 
potash was therefore discontinued, and the portion which had 
resisted the action of the alkali was submitted to further examination. 
A portion of this was acetylated quantitatively and was found to 
contain an alcohol. The remainder was heated for 8 hours at 140° 
with an excess of phthalic anhydride in an atmosphere of carbon 
dioxide. The mixture was cooled and extracted with a dilute solu- 
tion of caustic soda and the aqueous portion was evaporated and 
heated with an excess of alcoholic potash. The alcohol so obtained 
was again treated in the same manner with phthalic anhydride, 
and after separation as before was distilled. The greater part boiled 
at 125—128°/3 mm. and had the following properties. It was a very 
viscous, colourless, odourless liquid which showed no tendency to 
crystallise even when cooled in a mixture of solid carbon dioxide 
and ether; it had d%: 0-9738, n®° 1-5023, [a]? — 3-7° (Found: 
C, 81:7; H, 11-1; M, cryoscopic in benzene, 225. C,;H,,O requires 
C, 81-8; H, 10-9%; M, 220). When it was heated with phenyl- 
carbimide, a urethane was obtained which crystallised from dilute 
alcohol in small needles, m. p. 157° (Found : C, 77-6; H, 8-6; N, 4:3. 
Cy>H,0.N requires C, 77-8; H, 8-5; N, 4:1%). The alcohol was 
unsaturated, uniting readily with an amount of bromine correspond- 
ing with the presence of one ethylenic linkage. It also appears to 
be a new compound, for which I suggest the name luparenol. This 
name and the names of two other new compounds described in this 
paper have been based upon a Spanish word lupar (the hop) in 
order to avoid confusion with various compounds, the names of which 
have been derived from the Latin designation humulus lwpulus. 
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The liquid remaining after the removal of the unsaturated 
esquiterpene alcohol gave an intense red colour with ferric chloride, 
ud apparently therefore contained a phenolic substance. It was, 


~ Bowever, very difficult to isolate this, since it formed with alkali a 


alt which decomposed on treatment with water. In addition to 
this, there was evidence of the presence of a substance having the 
‘Bpoperties of a tertiary alcohol, from which the phenolic substance 
ould not be completely separated. Attempts to prepare deriv- 
itives by treatment with ordinary reagents failed to give any result, 
and it was therefore decided to resort to the preparation of the silver 
ierivative. The phenol was purified as far as possible by further 
teatment with phthalic anhydride and subsequent fractionation 
ind from the purified substance a silver salt was prepared by the 
addition of an alcoholic solution of silver nitrate. An oily liquid 
rsulted which solidified after a few hours. This was separated, 
vashed, and treated with dilute sulphuric acid for the regeneration 
of the phenol. On steam distillation, the phenolic substance 
obtained was a pale yellow, mobile oil, having a slight but pleasant 
dour, b. p. 122—124°/2 mm., d®: 0-9170, and ni’ 14942. It was 
optically inactive (Found: C, 76-6; H, 10-6; M, cryoscopic in 
benzene, 246. C,gH,,0, requires C, 76:8; H, 10:-4%; M, 250). 
for this substance, which has the general characters of a phenolic 
ether, I suggest the name Juparol. It gave an intense red coloration 
with ferric chloride in alcoholic solution. When boiled for some 
hours with 50°% aqueous potash, it underwent gradual decomposi- 
tion with the formation of isovaleric acid and, among other products, 
aphenol. isoValeric acid appeared also as the chief product when 
the substance was oxidised with aqueous potassium permanganate. 
A very small quantity of the phenol was obtained, b. p. 115— 
117°/4 mm., 3° 0-9448, ni” 14670 (Found: C, 73-2; H, 9-2. 
(,,H,,0. requires C, 73-3; H, 8-9%). The molecular weight in 
benzene was, however, considerably higher than that required by 
the above formula. 

Fractions Nos. 6 and 7 (b. p. 150—200°).—These, which were very 
mall fractions, gave an intense red coloration with ferric chloride 
and were found to consist chiefly of the phenolic ether mixed with a 
proportion of the sesquiterpene alcohol. There was also a small 
quantity of some very viscous compound which probably consisted 
of the polymerisation products of myrcene. 

The original oil contained a certain amount of free acid, which 
was removed by shaking with dilute aqueous potash before the 
investigation above described was commenced. These acids were 
liberated, and distilled. Silver salts having been prepared and 
analysed, the greater part was found to consist of isovaleric acid, 
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but other acids—which owing to the small quantity of the materia] 
available could not be identified—were present in smaller 
proportions. 

It seems very probable from these results that the isovaleric acid, 
and possibly also the other acids mentioned above, had been formed 
partly, at least, as the result of the oxidation of the phenolic 
ether, and this may well account for the presence of this acid in 
old hops. 

The difficulties experienced in separating and purifying the sub. 
stances described above have been considerable, owing chiefly to the 
very small proportions in which they occur in the essential oil, and 
the work would have been impossible but for the kind co-operation 
of Messrs. White, Tomkins and Courage, Ltd. These substances are, 
in fact, frequently present in nothing more than traces in commercial 
hop oil, and at the most occur in some specimens to the extent of 
a few units %. Notwithstanding this, there can be little doubt 
that they do at times modify the odour of the oil. 


bi 
I desire to offer my best thanks to Mr. Gerald Bishop, M.Sc., 
A.I1.C., for his valuable assistance. 
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CLXXITI.—The Chemistry of Polycyclic Structures in 
Relation to their Homocyclic Unsaturated Isomerides. 
Part IX. The Effect of the spirocycloPentane 
Grouping on the Five-carbon Intra-annular Tauto- 
meric Nucleus. 


By Frank RosBert Goss. 


EXPERIMENTS on the oxidation by alkaline ferricyanide of the 
cyclohexanespirodicyclopentene acid (I, IL) carried out by Ingold, 
Seeley, and Thorpe (J., 1923, 123, 853) resulted in the production 
of a cyclic 1: 4-diketone (III). The quinonoid character of this 
compound anticipated on the basis of the semi-aromatic character 
of the type of system discussed in these communications was 
substantiated by Hassell and Ingold (J., 1926, 1836), who showed 
that its monoxime is also a nitroso-compound having a close simil- 
arity to p-nitrosophenol. Whereas the formation of the diketone 
(III) is attributed to form (I) of the parent acid, oxidation with 
permanganate yielded as main product an a-ketoglutaric acid (IV) 
evidently derived from form (II) only. The monobasic ketonic 
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ids (V, VI) showed stronger evidence of the monocyclic phase. 
Not only did permanganate give the ketoglutaric acid (IV), but 
ferricyanide yielded, in addition to the 1:4-diketone (III), a 
substituted aconitic acid (VII) obviously derived from form (VI). 


CO,H)-C-CO,H C(CO,H):C-CO,H 
CHa >Oc ines Hine -OH = C SH >C< gy a ua 
(I.) (I 


I.) 
| Ferricyanide ) | Permanganate 


CO-C-CO,H _©0-C0,H 
Csi >C<00.6-0H CsHao >< car, 00,8 
| 
Y 


‘ O—CH ‘ C(CO,H 
(H1.) C5Hj9> ahs C-OH Cs Hy >C<oo H ¥ 
(VII.) . 


| Ferricyanide | Ferricyanide 


v,) Cy >of 2H): gus => 0,8, >0c00 C(CO,H). bans (VI.) 
The relationship between these results and those labeeinnd in the 
gem-dimethy] series has already been discussed (Ingold, Seeley, and 
Thorpe, loc. cit.) and the object of this paper is to place on record the 
results which have been obtained in a similar investigation of the 
corresponding acids of the cyclopentanespirodicyclopentene series. 


CO,H)-C-CO,H (CO,H):0-CO,H 
C,H ( — C,H, >C ¢ 
ig > Ot —_—§—-0H > a aamad OH (ix) 


C(CO,H):CH 


rat bo &) 


mK) CHC CH, —~ CH,>C 


| Perricyanide | 


OfH onc OOH) i H)-OH, 


CO-C-OH 
(XIII. ‘* 


Y 
)eCO,H 
C.He> OS Tn oe. H (XV.) 


K 


XIV.) CHSC 0(CO,H):CH O, e088 na XVI. 

The dibasic acid (VIII, IX) (Ingold, Lanfear, and aie J., 
1923, 123, 3140) closely resembles its cyclohexane analogue in yield- 
ing with ferricyanide only a cyclic 1 : 4-diketone (XII) and with 
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permanganate only oxalic acid and a substituted ««-dihydroxy. 


glutaric acid (XV), which on dehydration gives an «-ketoglutaric 
acid (XVI) analogous to that obtained in the investigation already 
summarised. The chief divergence in behaviour of the cyclopentane 


compounds emerged during the study of the monobasic ketonic acid} 


(X, XI). This acid, like its cyclohexane analogue, yielded a 1 ; 4. 
diketone (XII) on oxidation with ferricyanide, but the by-product 
was not an aconitic acid (indeed no such acid has been encountered 
in the course of these experiments), but a monobasic hydroxyketonic 
acid (XIV), which may be assumed to have been formed by elimin- 
ation of water from the dihydroxyketonic acid (XIII), a probable 
intermediate in the production of (XII). 

Potassium permanganate gave a mixture of the ««-dihydroxy- 
glutaric acid (XV) and the corresponding ketoglutaric acid (XVI). 
It is thus evident that the unsaturated phase (XI) is certainly 
present, but since substituted aconitic acids have been shown to be 
the normal products of oxidation with ferricyanide of forms analo. 
gous to (XI) in the cases hitherto examined, the non-appearance of 
an aconitic acid in this series is remarkable, and suggests that the 
importance of the unsaturated phase is less in this series than in the 
cyclohexane series. This conclusion is consistent with the relative 
order which has been established for the effects of the gem-dimethy] 
group and the spirocyclopentane and spirocyclohexane rings on the 
basis of other investigations (Becker and Thorpe, J., 1920, 117, 1579; 
Lanfear and Thorpe, J., 1923, 123, 1683; Ingold, Lanfear, and 
Thorpe, ibid., p. 3140). 


EXPERIMENTAL. 


(A) Oxidation of 5-cycloPentanespirodicyclopentan-3-one-1-carb- 
oxylic Acid (5-cycloPentanespirocyclopenten-3-one-1-carboaylic Acid) 
(X, XI) with Potassium Ferricyanide——The monobasic acid (10 g.) 
was added to a solution of 200 g. of potassium ferricyanide and 48 g. 
of potassium carbonate in 800 c.c. of water, which was kept for 168 
hours at 60°, then cooled, acidified with hydrochloric acid, and 
extracted with ether. The solid product obtained from the ether 
was separated into two fractions (4-2 g., m. p. 140°; 0-25 g., m. p. 
85—95°) by crystallisation from ether. The larger fraction was 
treated with methyl alcohol and sulphuric acid, and the product 
separated into three fractions by crystallisation from ether. The 
first fraction, forming the bulk of the material, consisted of nearly 
pure 3-methoxy-5-cyclopentanespirocyclopenten-1 : 4-dione, which 
crystallised in needles, m. p. 65° (Found: C, 66:9; H, 66. 
C,,H,.0, requires C, 66-6; H, 6-7%). This was reconverted into 
5-cyclopentanespirocyclopenten-3-ol-1 : 4-dione (XII) by boiling for 
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*“B}hours with hydrochloric acid; the dione was obtained as a yellow, 
wystalline precipitate on cooling, which crystallised from xylene 
| Mr water in needles, m. p. 154° (Found: C, 65-4; H, 5-8. C,yH,)0, 
nquires C, 65-0; H, 61%). This compound gives a cherry-red 
SZ olour with alcoholic ferric chloride, liberates carbon dioxide from 


‘4 Bodium bicarbonate solution, and discharges the colour of alkaline 


gmanganate. The second fraction of the esterification product, 
onsisting of methyl 5-cyclopentanespirodicyclopentan(or cyclo- 
ynten)-4-ol-3-one-1-carboxylate, crystallised in needles, m. p. 145° 
found: C, 62-7; H, 6-9. C,,H,,0, requires C, 62-8; H, 6-7%). 
The third fraction, which did not solidify, gave the same figures for 
arbon and hydrogen content on microcombustion as a liquid 
product obtained by converting the smaller fraction of the original 
wxidation product into its methyl ester. The two liquids, therefore, 
vere mixed and on distillation in a good vacuum were separated 
into two fractions, (a) b. p. 145°/1 mm. and (5) b. p. 165°/1 mm. 
fraction (a) on hydrolysis with hydrochloric acid gave a product 
which, after recrystallisation from xylene, had m. p. 154° and was 
identical with the dione (XII). Fraction (b) on acid hydrolysis gave 
jcyclopentanespirodicyclopentan-4-ol-3-one-l-carboxylic acid (5- 
tyclopentanespirocyclopenten-4-ol-3-one-l-carboxylic acid, XIV), 
vhich crystallised from xylene in needles, m. p. 110° (decomp.) 
Found : C, 61-2; H, 5:9. OC, H,.0, requires C, 61-2; H, 6-2%). 

(B) Oxidation of 5-cycloPentanespirodicyclopenten-3-ol-1 : 2-di- 
arboxylic Acid (5-cycloPentanespirocyclopentadien-3-ol-1 : 2-di- 
arboxylic Acid) (VIII, IX) with Potassium Ferricyanide.—A solution 
ofthe dibasic acid (1 g.), potassium ferricyanide (20 g.), and potass- 
ium carbonate (20 g.) in 80 c.c. of water was kept for 256 hours at 
60°. The cooled product was acidified with hydrochloric acid, and 
ther then extracted a substance which solidified on prolonged 
lesiccation ; after recrystallisation from xylene, this had m. p. 154° 
ind was identical with the dione (XII) described above. No other 
substances could be detected. 

(C) Oxidation of 5-cycloPentan:spirodicyclopentan-3-one-1-carb- 
nylic Acid (5-cycloPentanespirocyclopenten-3-one-1-carboxylic Acid) 
(X, XI) with Alkaline Permanganate.—To a solution of the mono- 
@ basic acid (3 g.) and potassium carbonate (2 g.) in 50 c.c. of water, 
1000 c.c. of 1% potassium permanganate solution (equiv. to 50) 
were slowly added. After 12 hours, the excess of permanganate 
was destroyed by sulphur dioxide and the precipitated manganese 
oxides were filtered off and extracted with hot water. The com- 
bined filtrate and aqueous extract was partly evaporated, slightly 
aidified with hydrochloric acid, made just alkaline with ammonia, 
and treated with calcium chloride; no oxalate was precipitated, 
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The acidified liquid was extracted with ether, yielding 1-5 g. of 
ax-dihydroxycyclopentane-1 : 1-diacetic acid (XV), which crystallised 
from chloroform in prisms, m. p. 98° (Found: C, 49-7; H, 6-7, 
CyH,,0, requires C, 49-6; H, 65%). This compound was con. 
verted by heating at 90° for an hour into a-ketocyclopentane. 


1: 1-diacetic acid (XVI), m. p. 112° after crystallisation from §, 
ligroin (compare Lanfear and Thorpe, J., 1923, 123, 1688) (Found; 


C, 54:3; H, 5-7. Cale.: C, 54-0; H, 6-0%); which was converted 
by heating with o-phenylenediamine in glacial acetic acid into the 
quinoxaline, m. p. 222°, described by Lanfear and Thorpe (loc. cit.) 
(Found : C, 66-3; H, 6-0. Cale.: C, 66-1; H, 5-9%). 

(D) Oxidation of 5-cycloPentanespirodicyclopenten-3-ol-1 : 2-di- 
carboxylic Acid (5-cycloPentanespirocyclopentadien-3-ol-1 : 2-dicarb. 
oxylic Acid) (VIII, 1X) with Alkaline Permanganate.—To a solution 
of the dibasic acid (1 g.) and potassium carbonate (0-7 g.) in 50 e., 
of water, 65 c.c. of 3°/ potassium permanganate solution (equiv. to 
40) were slowly added. After 12 hours, the excess of permanganate 
was destroyed by sulphur dioxide, and the alkaline solution obtained 
as in the case of the monobasic acid was freed from oxalate as calcium 
salt (0-6 g.). The acidified filtrate on extraction with ether yielded 
1-2 g. of a mixture, m. p. 96—105°, of the keto- and dihydroxy-acids 
(XV, XVI), consisting mainly of the former (Found: C, 52-7; 
H, 6-3%). This mixture was converted into the quinoxaline, m. p. 
222°, mentioned above. 


The author desires to express his thanks to the Research Fund 
Committee of the Chemical Society for a grant with which the 
expenses of this research were met, and to Professor C. K. Ingold, 
F.R.S., for his interest and valued suggestions during its progress. 
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CLXXIV.—The Interaction of Benzoyl Chloride and 
Diazomethane together with a Discussion of the 
Reactions of the Diazenes. 


By Wit.t1am BRADLEY and Rosert Rosrnson. 


MEYER (Monatsh., 1905, 26, 1300) and Schlotterbeck (Ber., 1907, 
40, 479; 1909, 42, 2559) observed that certain aldehydes react 
with diazomethane with formation of methyl ketones, 


R-CHO + CH,N, —> R-CO-CH, + N,, 
and Clibbens and Nierenstein (J., 1915, 107, 1491) stated that an 
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alogous reaction occurred to a predominating extent when certain 
id chlorides were employed : 


» 67, 
dies R-COCI + CH,N, —> R-:CO-CH,Cl + N,. 
itane- Hubsequently Nierenstein and his co-workers greatly extended the 


ope of the reaction and favourable yields were said to be obtained 
many cases (Nierenstein, J., 1920, 117, 1153; Nierenstein, Wang, 
and Warr, J. Amer. Chem. Soc., 1924, 46, 2554; Kahil and Nieren- 
tein, ibid., p. 2557; Lewis, Nierenstein, and Rich, ibid., 1925, 47, 


cit.) #1128; Dale and Nierenstein, Ber., 1927, 60, 1026). This reaction 
of diazomethane has received very little attention from other 
2di- vorkers, but a footnote in a paper by Staudinger and Miachling 
carb. Ber, 1916, 49, 1973) records the fact that only very small yields of 
ition B,'dichloro- and aa’-dibromo-diacetyl were obtained from oxalyl 
) 0. Bchloride and bromide respectively by the action of diazomethane 
V. to Band the major products could not be purified or were not examined ; 
nate Bthe work is attributed to Dr. H. Schlubach. 
ined In the course of some synthetical experiments we wished to 
uM Bmake an application of Nierenstein’s reaction, but in the rather 
Ided B omplex case studied an excellent yield of a diazo-ketone was 
cids obtained and this served our purpose even better than a chloro- 
2-7; Bketone would have done. We therefore turned to the typical case 
1. P: Hof benzoyl chloride and diazomethane and found exactly the same 


results, namely, the formation of diazoacetophenone in high yield : 
Ph-COCI + 2CH,N, —~> Ph-CO-CHN, + CH,Cl + Ng. 


(libbens and Nierenstein (loc. cit.) stated that benzoyl chloride ~ 
(I mol.) and diazomethane (1 mol.) gave a product from which a 
72% yield of w-chloroacetophenone was isolated by distillation. 
Under these conditions we think the residue after removal of the 
solvent would consist of diazoacetophenone (0-5 mol.) and benzoyl 
chloride (0-5 mol.) and if this mixture were distilled, especially in 
presence of water, it might give some w-chloroacetophenone. In 
later work Nierenstein used diazomethane in excess, sometimes in 
great excess, and under these conditions the formation of the 
chloro-ketone would be minimal. It is well known that acids 
decompose diazomethane very much more rapidly than they decom- 
pose diazoacetophenone—we have confirmed this observation, 
working with hydrogen chloride in ethereal solution. In our experi- 
ments the recognition of traces of w-chloroacetophenone in the 
actual reaction mixture was facilitated by the powerful lachrymatory 
properties and characteristic odour of the compound; it was not 
isolated in substance from the mother-liquors of the diazoaceto- 
phenone. 
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The formation of diazoacetophenone in this manner does not con. §* 


stitute a novel type of reaction, for Staudinger and Machling (ln, 
cit.) and Staudinger, Becker, and Hirzel (Ber., 1916, 49, 1973) have 


shown that ethyl diazoacetate can be acylated in a similar manne! 


and in accordance with the following example : 
COCI, -+ 2CHN,*CO,Et -—>COCI-CN,-CO,Et +- CH,Cl-CO,Et + N, 


On the other hand, diphenyldiazomethane was found by Staudinger, 
Anthes, and Pfenninger (Ber., 1916, 49, 1941) to be inactive toward 
benzoyl chloride and to react with carbonyl chloride and oxaly| 
chloride in accordance with the scheme : 
CPh,N, + COC], —> CPh,Cl-COCI + Ng. 
CPh,N, + COCI-COCl —> CPh,Cl-CO-COCI +- N,. 

In these cases it is obvious that the formation of a diazo-ketone is 
not feasible. 

Lewis, Nierenstein, and Rich (loc. cit.) state that benzoyl bromide, 
treated with diazomethane, gives rise to w-bromoacetophenone in 
28% yield and 3: 6-dibromo-3 : 6-diphenyl-1 : 4-dioxan in 62%, 
yield. The chemistry involved in the degradation of the latter 
substance is of an unconventional type. The dibromodiphenyl- 
dioxan contains two CPhBr-O- groups, yet it is stable and crystallises 
from alcohol unchanged. It may be reduced by treatment with 
activated magnesium in dry ether and decomposition of the product 
(yield, 76%); the resulting 3 : 6-diphenyl-1 : 4-dioxan, a diphenyl 
derivative of ethylene ether, may then be hydrolysed to phenyi- 
_ ethylene glycol, CHPh(OH)-CH,-OH, in 3 hours by means of 10%, 
aqueous potassium hydroxide on the steam-bath and in presence of 
benzene (yield, 62°). In our experiments benzoyl bromide and 
diazomethane yielded diazoacetophenone. 

Mechanism of the Reactions of the Aliphatic Diazo-compounds.—On 
the basis of the electronic theory of valency the Angeli-Thiele 


formula for the diazenes becomes CR, =N=N= (each _ line 
representing two electrons), and we may assume that the driving 
force in the manifold reactions of these substances is the tendency 
to neutralise the charges associated with the nitrogen atoms. 

An examination of these reactions reveals two striking and 
apparently anomalous circumstances. In the first place diazome- 
thane, this example being used for convenience, is both anionoid 
and kationoid; it reacts vigorously with electron-seeking agents, 
for example, protons and halogen molecules, and with electron- 
donating agents, for example, organo-metallic compounds. It is 
true that different positions in the diazomethane molecule ar 
involved, but the second apparent anomaly is that the carbon atom 
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next to the positively charged nitrogen is the anionoid centre and 
the negatively charged nitrogen is the kationoid centre. 

The indication is that the maintenance of atomic electron con- 
igurations is a far more urgent need than the neutralisation of 
charges and that in both cases, paradoxical though it seems at first 
sight, the electronic changes do ultimately lead to a more even 
? [distribution of the charge. The conjugative electron displacements 
Bvhich we postulate are represented in the annexed figures. 


x) ~\ 
(A) CH,=—N—N— CH,—N—N— (B) 
x 


Anionoid reactivity at C. Kationoid reactivity at terminal N. 


In (A) the charge on the central nitrogen remains unchanged but 
. Bihat on the terminal nitrogen is transferred in part to carbon. In 
(B) the charge on the central nitrogen is neutralised, but of course 
the terminal nitrogen receives electrons from outside and some other 
atom must acquire a positive charge. 

Two simple examples of the operation of scheme B are the 


following : 
CR,—N=N= —PPh, —> CR,—N—N—PPh, 
+ = — ++ - - 
CR,=N=N= Ph{Mg}Br —> CR,—N—N—Ph 
Mg} Br 
Behaviour towards cyanidion is regarded as one of the most 


searching tests for kationoid reactivity, and not only CN but also 


S0,Na attach themselves to the terminal nitrogen atom of the 
diazenes. 

In the action of acids on the diazenes we probably see scheme (A) 
at work, because the stronger acids, HX, in which the free electrons 
of X are least active, react most easily with the diazo-compounds. 


+ = ~ + 
X—@  CH,—N=N=—-+ X{H—CH,—N=N— 
- + 
X—CH,<—X CH, —N=N— 


Here we assume the intermediate formation of a diazonium salt 
and a final decomposition along familiar lines. The reaction with 
the halogens is entirely analogous and may be summarised by the 


expressions: Br, -+ CH,N, —> Br-CH,*N »}Br —> br,CH, + N,. 
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Schlotterbeck’s reaction presents a more complex case : 


belay coats, 
CH,—N—N— —> R—C—CH,—N=N— 
+f. 


aitghenciee \OZ 


<- | 
and a (NSN —> R—C—CH, N, 
aS 


Such recoil reactions are common in this group, but it is not 
necessary to assume a completed transfer of a charge as in the 
above representation. The first phase of the process may well 
proceed to a fractional extent only and once the carbon atoms are 
connected the main changes leading to the separation of nitrogen 
and the wandering of a proton will proceed by a more direct route 
as in the expression 


This conception of a reaction oriented or directed by a proces 
involving fractional valencies and then carried to completion by a 
different and more direct mechanism was first suggested by one 
of us in 1920 (Robinson, Mem. Manchester Phil. Soc., 54, No. 4) and 
stated to be applicable to m-substitutions in benzene derivatives. 
Ingold and Ingold have since put forward a similar scheme in 
connexion with o-p-substitutions also (J., 1926, 1313). An altem- 
ative hypothesis is that of vibrations of the electronic displacements 
(Robinson, B.A. Meeting, Southampton, 1925; Chem. News, 1926, 
133, 7). These may be rapid and of quite small amplitude and 
the substitution processes and other reactions would then be 
approximately continuous. The bromination of anisole may be 
used to exemplify this view. 


Surrounding atoms. 


affecti 
atom 
sequel 
or thi 
expre: 
The fi 
can tl 
(d), ( 
consti 
syster 

We 


mann 


At 

a fra 
betwe 
exert 
reinfc 
the fc 


BENZOYL CHLORIDE AND DIAZOMETHANE, ETC. 1315 


The substitution is supposed to be initiated by the tendency of 
bromine to acquire electrons. This can be satisfied in the o-p- 
positions (not in m-) and a bond is produced by the displacement 
(b) because the consequent displacements (a) are possible owing 
to the fact that the oxygen atom affords a resting place for the 
positive charge, where it is balanced by the surroundings (N). 
The partial formation of the C——Br bond (b) enables the second 
bromine atom to consummate to the same fractional extent (c) its 
tendency to become bromidion when it is electrovalently associated 
with surroundings (P). A circuit is thus completed and the move- 
ment of electrons in it has involved a tentative attachment of 
bromine to carbon and an equal separation of bromidion. The 
oxygen atom is not, however, in its most stable condition and 
reverts to this by an electron displacement (electrical current) in a 
different circuit, this time involving the hydrogen atom and not 
affecting (b) or (c). The lines of force between (N) and the oxygen 
atom are broken; then (f) reverses (a) and (e) and (d) are con- 
sequences. The partly liberated proton may seek the centres (N) 
or there may be any degree of short-circuiting up to the limit 
expressed by (g), which is an alternative or part alternative to (d). 
The first-mentioned set of displacements and processes (a), (b), (¢) 
can then occur again and alternate with the recovery displacements 
(d), (e), (£) until the substitution is completed. It is possible to 
construct similar schemes for other reactions involving conjugated 
systems of various types. 

We represent the formation of diazoacetophenone in the following 


At this stage the terminal nitrogen has succeeded in transferring 
a fraction of its negative charge to the oxygen atom and a bond 
between the carbon atoms has been initiated. The repulsion 
exerted by the central nitrogen on the proton indicated is now 
reinforced by that exerted by the oxygen and chlorine nuclei and 
the following changes may be almost synchronous : 


| 
or Ph—O:CH=N, 


CH 
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The initial electronic changes (a) may be to some extent permanent, 
since the oxygen atom can well hold a part of the negative charge, 
or, naturally, the strain may be completely or partly released by 
reversal of these displacements. 

The reactions of the diazenes with unsaturated ethenoid substances 
seem to belong to both types (A) and (B) and in either case the 
mode of occurrence of these additive processes can be readily 
accommodated by the electronic theory. There is need of further 
work on the constitution of the primary additive products of aliphatic 
diazo-compounds and unsymmetrical unsaturated substances. 

In the polymerisation of the diazo-compounds, for example, the 
formation of pseudodiazoacetic acid, the kationoid centre of one 
molecule evidently attacks the anionoid centre of another. 

Finally the varied decompositions are readily interpreted, one of 
the most interesting being that discovered by Schréter (Ber., 1908, 
42, 2346) : 

Ph 
ly ao 
o0=—C— — —+> O°:C:CPh, + N, 
APh 


EXPERIMENTAL. 


Materials —Diazomethane was prepared from nitrosomethylur- 
ethane and its ethereal solution was slowly distilled through a 45 cm. 
column. The volume of nitrosomethylurethane required was 
calculated from the normal yield under standard conditions 
(Houben—Weyl, ‘‘ Die Methoden der Organischen Chemie,” 1923, 
3, 124), that is, 0-18—0-20 g. of diazomethane from 1 c.c. of nitroso- 
methylurethane. 

Ether was dried over phosphoric oxide and distilled through the 
apparatus immediately before an experiment. 

A fresh specimen of benzoyl chloride from Kahlbaum was 
employed. 

Diazoacetophenone—(A). A solution of benzoyl chloride (2:5 g.; 
1 mol.) in ether (5 c.c.) was added to an ethereal solution of diazo- 
methane (1-25 mols.) maintained at — 5° to 0°. A mild evolution 
of nitrogen occurred and continued for 1—1} hours. The yellow 
solution was kept over-night, and the ether then evaporated in 4 
rapid current of air. The residue consisted of a colourless oil 
(1-0—1-5 g.), easily soluble in 10 c.c. of cold light petroleum, together 
with a pale yellow, crystalline material (1-3 g.) which on recrystal- 
lisation from light petroleum afforded diazoacetophenone (1-10 g.), 
m. p. 47—49°. 

(B). The above experiment was repeated with the addition of 
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tripropylamine (2-5 g.) and the result was a product containing 
wuchanged benzoyl chloride, tripropylamine, a trace of w-chloro- 
yetophenone (recognised by odour only), and diazoacetophenone 
2 g.). Evidently the tertiary base does not effectively de-activate 
the liberated hydrogen chloride. 

(C). Benzoyl chloride (2-1 g.; 1 mol.) was treated as in (A) 
vith diazomethane (2 mols.). After 24 hours the ether was 
waporated, leaving a crystalline residue, which was washed with 
ight petroleum (25 c.c.) and then weighed 1-8 g. The light petroleum 
ieposited a further 0-05 g. of the substance and on evaporation 
kft about 0-1 g. of a yellow oil containing benzoyl chloride, diazo- 
aetophenone, and a mere trace of w-chloroacetophenone (odour). 
The yield in this experiment amounted to 91°% of that theoretically 
possible. 

The solid products described above as consisting of diazoaceto- 
jhenone exhibited identical behaviour and were free from w-chloro- 
wetophenone. The substance crystallised from light petroleum in 
jale yellow, flat needles, m. p. 48—48-5° (Wolff, Annalen, 1903, 
326, 142, gives m. p. 49—50°) (Found: C, 65-9; H, 4-1. Calc. for 
(H,ON,: C, 65-7; H, 4-1%). 

The substance decomposed in contact with porous material at 
116—118°. An alcoholic solution was coloured deep red on the 
aldition of sodium hydroxide or alternatively by the addition of 
tine dust and ammonia became purple or blue according to the 
wnditions (Wolff, Annalen, 1902, 325, 141). 

The substance exhibited the characteristic reactions of an aliphatic 
iazo-compound. Iodine decomposed it instantly in cold alcoholic 
lution with evolution of nitrogen, and the action of dilute sulphuric 
wid gave nitrogen and a substance (benzoylcarbinol) that quickly 
reduced Fehling’s solution in the cold. 

Quantitative and smooth decomposition occurred on warming with 
glacial acetic acid. The product was isolated by means of ether 
and crystallised from light petroleum in large, colourless tablets, 
n. p. 48—49° (Zincke, Annalen, 1883, 216, 308, gives m. p. 49— 
495°). The substance reduced Fehling’s solution in the cold in the 
course of 3—1 minute and its m. p. was not depressed by admixture 
with an authentic specimen of w-acetoxyacetophenone. 

The formation of methyl chloride in the reaction between benzoyl 
chloride (1 mol.) and diazomethane (2 mols.) was not experimentally 
confirmed. 

Interaction of Benzoyl Bromide and Diazomethane.—Benzoyl 
bromide (2-8 g.; 1 mol.) in ether (5 c.c.) was added to an ethereal 
solution of diazomethane (2 mols.) at —5° to 0°. The vigorous 
evolution of nitrogen, appeared to be complete in 5—10 minutes, but 

xX 
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the mixture was kept over-night. The semi-solid residue after 
removal of the ether was dissolved in boiling light petroleum and, 
on cooling, diazoacetophenone (1-25 g.), m. p. 45—47°, separated, 
A further quantity (0-4 g.), m. p. 44--46°, was obtained from the 
mother-liquor. The main fraction mixed with pure diazoaceto. 
phenone had m. p. 46—48°; on recrystallisation from light petrol. 
eum it was obtained in long, flat, pale yellow needles, m. p. 48— 
49°, exhibiting the characteristic reactions. The final mother. 
liquor contained benzoyl bromide and, apparently, a trace of 
w-bromoacetophenone. 
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CLXXV.—The Hypothesis of Valency-deflexion. 


By CuristoPpHER Ketk Incoutp and JocELYN FIELD Tuorpz. 


In a recent issue of the Fortschritte der Chemie, Physik und physi- 
kalischen Chemie (Bd. 19, Heft. 4, 1927) Hiickel discusses our 
view that the disparity between the space-requirements of the 
several groups attached to a central carbon atom modifies the 
angle between the valencies of that atom. The discussion includes 


a partial statement of experimental data which have been inter. 
preted by ourselves and others in the light of the hypothesis men. 
tioned, and a criticism which, since it reveals lack of understanding 
of the essentials of the hypothesis, will briefly be considered here. 
In the first place, it must be remarked that the calculations of 
the angles between the valencies of an atom from molecular volume 
data have never been regarded by us as otherwise than illustrative 
of the qualitative implications of the theory, and of the manner in 
which it might be developed when the constitution of the combined 
carbon atom is more fully worked out. The theory is, in fact, in- 
tended to be translated as our knowledge of the constitution of the 
atom grows, and it therefore need scarcely be said that the assump- 
tion of distorted valencies does not imply, as Hiickel asserts, that 
the forces of valency are assumed to be of gravitational type 
governed by the law m,m,/r?._ The details of this, the principal 
subject of Hiickel’s criticism, require no further comment. 
Hiickel’s further criticism regarding the applications (which 
he regards as arbitrary) of the hypothesis fails for two reasons. 
In the first place, whilst we have consistently endeavoured to 
restrict the applications of the hypothesis to cases which are com- 
parable in the sense that polar disturbances are at a minimum, 
Hiickel endeavours to extend the comparisons on the same purely 
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spatial basis to examples in which polar influences would be expected 
9 act powerfully and very differently, and, in commenting on the 
‘ Becognition of the necessity for taking count of polar influences, 
ksks “‘Wozu diese ad hoc gemacht Annahme?” We are not 
avare that the existence of polar influences in Organic Chemistry 
las previously been disputed, and it is certainly true that modern 
york has yielded much definite information with regard to them. 
wo examples may be given to illustrate the difference between our 
omparisons and those of Hiickel. The ease of formation of a series 
of cyclopropanedicarboxylic acids from glutaric acids by mono- 
bromination and subsequent hydrolysis under comparable con- 


CHBr-CO,H H-CO,H 


A 
> <cn,.c0,H > OOSGH-CO,H’ 


has been shown to follow the anticipated order (for example, 
rlutaric acid 47%, B8-dimethylglutaric acid 84°%, of ring-formation). 
his comparison is a just one, for the 8-alkyl groups would be 
expected to have only second-order polar effects on the «-hydrogen 
and «-bromine, and the possibility that polar disturbances might 
affect the result is still further diminished by the circumstance 
hat they will be of opposite sign for the two atoms indicated. 
Hiickel, however, seeks to produce a parallel case pointing in the 
opposite direction by comparing the stability of cyclopropane-l : 2- 
dicarboxylic acid with the tendency of the 3 : 3-dimethyl derivative 
0 yield terebic acid : 


.~CH'CO,H CH, -CH'CO,H | CH3\.~CH(CO,H)-CH, 
? Teen CH.” a sa > oH sg at 

(stable) 
in our view this comparison is unjust, because the first-order 
polar effect of the methyl groups would be in the direction of 
increasing the vulnerability of the quaternary carbon atom in the 
reaction considered, and this might be expected to outweigh the 
spatial influences. Again, Hiickel considers the evidence to be 
lerived from the dissociation constants of the alkylmalonic acids, 
bund points out that the results do not fall into the regular sequence 
hich might be expected if the spatial hypothesis advanced by us 
were the only factor in the situation. This, however, need not 
becasion surprise ; but it is to be noted that Hiickel does not attempt 
A corresponding analysis of the data relating to the $-alkylated 
slutarie acids in which the polar effect of the alkyl groups would 
be expected to be diminished (see Spiers and Thorpe, J., 1925, 127, 
°38). Even this series would not be expected to conform exactly 
0 the requirements of our hypothesis, but it should certainly con- 
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form much more closely than the series of malonic acids; an 
although the available data for the second dissociation constant 
(which are required for the application of the Bjerrum calculatioy 
are rather few, there is already evidence that the anticipated close 


conformity exists, and we confidently expect that further measure! 


ments will substantiate this conclusion. It must be confesse 
that many examples exist in which it is impossible in the presen 
state of knowledge to foretell the effect of polar influences on tl; 


angular relations of the valencies—for instance, in the Dieckmann J 


Komppa synthesis of ¢yclopentanedionedicarboxylic esters, jj 


which a concentration of highly polar groups is produced. In thesd 


circumstances, we do not pretend to be able to foretell the con 
ditions of substitution which will produce the system having greates 
stability. In such examples, the examination of the effect of serie; 
of substituents of increasing bulk often reveals a maximum of 
stability at some intermediate member, with falling-off in both 


directions. There is, however, nothing in this behaviour which igi 


demonstrably inconsistent with the theory (as Hiickel asserts 


although it must be admitted that the full explanation cannot yet 


be given. 
The remaining point relates to the theory of the strainless form 


of the 6- and 7-membered rings. Hiickel’s contention is expressed 


in the assertion that our hypothesis “ steht und fallt mit der will 
kiirlich Annahme eines ebenen gespannten Sechsrings.”’ It is tru 
that in our first memoir (J., 1915, 107, 1080) the cyclohexane ring 
was assumed to be uniplanar; but the whole application of the 
valency distortion hypothesis to 6- and higher-membered rings was 
modified in 1923 (Baker and Ingold, J., 123, 122) contemporan- 
eously with, and independently of, the publication by Hiickel and 


others of the first experimental evidence relating to the existenceff 
of isomerides of the decahydronaphthalene type. This explicit 


modification, ignored by Hiickel, may be restated as follows. The 


intrinsically probable existence of strainless multiplanar form#f" 


(Sachse, 1890; Mohr, 1918) of the cyclohexane ring, combined withPorx ° 


the non-existence of isomerides which should arise if such form 
were static, leads to the suggestion that these forms (cis and trans) 
are to be regarded as limiting states of a vibrating framework, the 
average condition of which is between the uniplanar and strainles 
condition. (The occurrence of isomeric decahydronaphthalenes in 
which each ring “‘ locks ” the other merely proves that the multi 
planar forms can exist, not that they represent a permanent con 


dition in the absence of locking.) It was a natural corollary that§ 
the further a uniplanar form departed from the strainless condition. 


as, for example, in 7- and 8-membered rings, the more would the 


spect 


FRIEND : EXPERIMENTS ON TRANSMUTATION. 1321 
verage condition recede from the uniplanar state. This view, which 
4s subsequently emphasised by Baker and others, is in excellent 
geement with the available data, and Hiickel’s statement quoted 
iove is thus seen to be unwarranted. 
In justice to the views discussed by Hiickel, it should be remarked 
wat this memoir contains no constructive suggestion as to any 
qmiernative to the hypothesis on the basis of which we have con- 
itently endeavoured to collate a large body of data; yet observ- 
fins continue to accumulate which obviously require interpretation. 
wgieference may be made to Vogel’s recent demonstration (J., 1927, 
iM) that, whereas «3-diacetylbutane exists in the open-chain form, 
3 $4yy-tetramethyl derivative reacts in the cyclol form only : 


CH,-CH,:CO-CH, C'Me,:CH,*C(OH)-CH, 


H,°CH,*CO-CH, CMe,°CH:-CO:CH, 
and to Rothstein and Shoppee’s elaboration (ibid., p. 531) of the 
utlier observations of one of us relating to the progression and 
substitution of the stability of rn lactolone forms of the «-keto- 
lutaric acids : 


1,C0-OH CHMe-CO-0H CHMe-C0-0 
ifeCO-CO,H (Me,CO-CO,H  ~— CMe, *C(OH)-CO,H 


(stable) (balanced system) 


CMe,°CO-O 


CMe,°C(OH):CO,H 
(stable) 

The facts which have been accumulated during the past 13 years 
wre now so numerous that the hypothesis by which we have 
indeavoured to collate them cannot lightly be brushed aside unless 
qpome alternative view can be advanced. Some of the points dealt 
vith in this communication were raised also by Sidgwick in his 
work “The Electronic Theory of Valency,’’ Oxford, Clarendon 
tess, 1927. 

THE IMPERIAL COLLEGE, 

Lonpon, S.W.7 


THE UNIVERSITY, LEEDS. 
[Received, March 3rd, 1928.] 


CLXXVI.—Eaperiments on Transmutation. 
By Joun ALBERT NEWTON FRIEND. 


ion, N 1907 Ramsay (Nature, 1907, 76, 269; Ramsay and Cameron, J., 
#7, 91, 1606; Ramsay, J., 1909, 95, 624) observed the presence 
f spectroscopic amounts of lithium in solutions of copper nitrate 
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and sulphate after exposure to radium, whereas parallel experimen 
with lead nitrate solution did not lead to any conclusive result 
Ramsay suggested that the copper had been transmuted to th; 
lowest member of its series, i.e., lithium, although the possibilit 
was not excluded that the chief product in the degradation of coppe 
was sodium. 

Repetition of the experiments by Curie and Gleditsch (Comy 
rend., 1908, 147, 345; see also Ramsay and Cameron, ibid., 1% 
146, 456), in which containing vessels of platinum instead of glas 
were employed, failed to yield a similar result and the authors con 
cluded that Ramsay’s results were due to dissolution of lithium 
already present in the glass of his apparatus. Perman (J., 190§ 
93, 1775) exposed solid copper sulphate and nitrate, a solution of 
gold chloride, and some precipitated gold to the action of radium 
bromide for several months, but obtained no evidence of trans 
mutation to lithium. 

These experiments do not definitely disprove Ramsay’s theory 
but they certainly offer no support. In more recent experiments 
attention has in the main been directed to methods involving 
electronic bombardment only, although Rutherford (Proc. Roy. Soc. 
1920, A, 97, 374; J., 1922, 121, 400; Brit. Assoc. Rep., 1923, 16) 
employing an exceedingly delicate physical method, has proved thai 
rapidly moving «-particles are capable of effecting the disruptio 
of stable atoms. 

It seemed desirable, therefore, that further experiments on the 
effect of exposure to radium “‘ rays” should be carried out, and the 
spectra of the exposed substances examined over their whole range 
and not merely for the presence of lithium. 


EXPERIMENTAL. 


Expt. 1. A small flat crystal of pure barium sulphate wa 
exposed in air to bombardment for 3 years from a feeble source of 
radium-D, -E, and -F. The optical spark spectrum was photo 
graphed by Messrs. Adam Hilger, but no lines appeared that did not 
also appear on the blank.* 

Expt. 2. A crystal of barium sulphate, a small piece of puri 
silver foil, and one of pure gold foil (A) were laid horizontally i 
a glass tube separated by pure cotton wool. The tube was evacuate 
and, at intervals, varying quantities of emanation were admitted 
viz., 28 millicuries at the first filling on Dec. 20th, 1926, and 32, 20 


and 23 millicuries, respectively, at intervals of 5 or 6 weeks. Th 


* Condensed spark spectra both with and without the introduction of § 
Hemsalech coil into the circuit. 
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@ spark spectra of the barium sulphate and silver coincided exactly 
vith those of the blanks, but the gold spectrum showed calcium 
@ lines 4 3934, 3968, not present in the blank, and stronger copper 


ilit@™ \ines than occurred in the blank, 2 3274 and 3247. 


Expt. 3. As the glass containing-tube had been strongly dis- 
wloured, it appeared possible that the calcium found in the gold 
had come from this source, although in that event one might have 
expected to find traces in the silver and barium sulphate, which was 
not the case. 

The experiment was therefore repeated with fresh pieces from the 
same sheet of gold foil (A), and with foil obtained from a different 
source (B). The specimens were laid in a silica test-tube enclosed 
ina wider glass tube, no cotton wool being employed. The glass 
tube was drawn out, evacuated and finally sealed after admission 
250 millicuries of emanation. 

After 2 months the specimens were removed and dispatched with 
blanks to Professor A. Fowler, who had generously consented to 
examine their spectra. Calcium lines * appeared, not only in both 
exposed specimens, but also in both blanks. They were short, 
confined to the region near the poles, and of low intensity. In 
specimen A the lines appeared to be stronger in the ex®osed “ample 
@ thanin the unexposed, but the reverse was the case with’specimen B. 

It would appear, therefore, that the lines in both Expts. 2 and 3 
were due to traces of calcium present in the original specimens, 
though somewhat irregularly distributed. If any kind of trans- 
nutation had taken place, its quantity was too minute to admit of 
detection spectroscopically 

The silica tube used in Expt. 3 assumed a uniform violet-purple 
colour. This agrees with the statement by Lawson (Nature, 1919, 
104, 335) that the silica vessels used by Hénigschmid in his researches 
on the atomic weight of radium became dark violet, although in this 
@ case the colouring was streaky. In Doelter’s experiments (quoted 
by Clarke, Trans. Soc. Glass. Tech., 1921, 5, 155) pure quartz was 
§ coloured uniformly brownish-red by radium salts, and Clarke appears 
toregard brown as the normal coloration for quartz. Unfortunately, 
gither author gives the wave-lengths of the transmitted light, 
and verbal descriptions of colour effects may be misleading. The 
silica used in the tests here described showed absorption at both 
the red and the violet end of the spectrum. Absorption did not 
begin sharply, but gradually increased in intensity with the distance 
j rom the middle of the visible spectrum. Speaking generally, light 
of 2 5000 to 7000 A.U. was transmitted quite well, the remainder 
4 of the spectrum being comparatively feeble. 

* Spark spectra, with inductance. Lines of \ 3934 and 3968 A.U. 
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In conclusion, the author desires to thank Professor Fowler fo; #°"° ‘ 
examining the spectra of the gold specimens used in Expt. 3, and pgaiol 
the Radium Institute for assistance in exposing the specimens in b poly 
Expts. 2 and 3. iydric 
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CLXXVII.—Constituents of Myoporum letum, Forst. 
(The * Ngaio”). Part III. The Oxide Rings of 


Ngaione. 


By FReprERIcCK Henry McDowaALL. 


THE experiments on ngaione now to be described (see also J., 1925, 
427, 2200; 1927, 731) were carried out for the most part as a 
preliminary to a more exhaustive investigation of the oxide rings 
present in the molecule. As, however, the work has been inter. 
rupted, the results are published in their present incomplete form. Pin 

From the stability of ngaiol to water under pressure (see later), alcohol 
and of ngaiol and tetrahydrongaiol to acetic anhydride (loc. cit.), Br), i. 
it is concluzed that an ethylene oxide ring is not present in the 
moleciile. “sme eth ylene oxide rings, however, show extraordinary 
stability, especially in dioxidic compounds. Pinol oxide, ¢.g., is 
more stable than most ethylene oxides, and furyl butylene oxide 
(Tonnies and Staub, Ber., 1884, 17, 854) is not affected by acetic 
anhydride (compare also the naturally occurring diethylene oxide of 
linalol; and mannitol anhydride, which does not combine with 
water at all). 

The fission of an oxide ring in ngaiol by hydrogenation has 
already been recorded (loc. cit., 1927). By means of hydrogen and 
platinum-black in glacial acetic acid a different glycol is obtained, 
possibly through fission of a different oxide ring, or alternatively 
through fission of different oxygen bonds of the same oxide ring : 
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The glycols differ in their physical properties and in their colour jecordin 


reactions with vanillin and concentrated hydrochloric acid. 

The action of halogen acids on some hydrogenated derivatives 
of ngaione has been studied. Tetrahydrongaiene dioxide, when 
treated with hydrogen chloride in glacial acetic acid solution, 
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ave What is probably a monochloro-oxido-acetate. Tetrahydro- 
ngaiol was converted by hydrogen iodide in glacial acetic acid into 
» polyiodo-acetate, from which a mixture of unsaturated mono- 
jydric alcohols was obtained by reduction and saponification. From 
#e mixture of products an alcohol, C,;H,.*OH, was isolated, and in 
me instance an ethylene glycol, C,;Hs,(OH),. Unsuccessful 
;ttempts were made to reduce the iodo-acetates without the form- 
ation of ethylenic linkings. Hydrogen with palladinised barium 
silphate alone had no reducing effect, and addition of alkali caused 
dimination of hydrogen iodide with formation of several ethylenic 
inkings, and possibly an oxide ring. Reduction with zine dust and 
glacial acetic acid, saturated with hydrogen iodide at 0°, yielded an 
jodine-containing product which after further reduction with zine 
dust and alcohol was again unsaturated. Reduction with zinc dust 
ad glacial acetic acid, saturated with hydrogen iodide at —10°, 
flowed by reduction with zinc dust and alcohol and then by 
hydrogenation with platinum-black in glacial acetic acid, yielded a 
mixture of alcohols from which, after saponification, a paraffin 
alcohol, or mixture of paraffin alcohols, C,;H,,-OH, was isolated. 
The isolation of this paraffin alcohol and of the ethylene glycol 
(see above) establishes beyond all doubt the conclusion (loc. cit., 
1927) that the molecule of ngaione is free from carbocyclic rings. 
etrahydrongaione gave on treatment with hydrogen iodide an ‘, 
placial acetic acid an oily polyiodoketo-acetate, which by reduction 
pid saponification was converted into a mixture of keto-alcohols. 
Reduction of tetrahydrongaiol with red phosphorus and constant- 
wiling hydriodic acid under reflux gave an oily di-iodide, which on 
futher treatment with zinc dust and alcohol yielded a mixture of 
pialcohol with an unsaturated or cyclic hydrocarbon. 

The formation of a monoacetate from tetrahydrongaiol suggested 
that the secondary alcoholic group had become esterified by the 
weetic acid in the presence of the hydrogen iodide, and had thus 
escaped reduction. A consideration of all the results indicates, 
owever, that the problem is more complex. The formation of an 
weetate from tetrahydrongaiene dioxide by the action of hydrogen 
hloride in glacial acetic acid, the complexity of the mixture of 
oohydric alcohols obtained in the experiments with tetrahydro- 
gaiol, and the formation of keto-alcohols from tetrahydrongaione 
ll show that opening of one of the oxide rings can take place 
cording to the equation 


C C—OH 
No +HI —> : 
o% o-I 
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The alcoholic group is probably simultaneously esterified. The 


original secondary alcoholic group of tetrahydrongaiol is thu ff 


probably removed by conversion into the iodide and subsequent 
reduction. 

The evidence accumulated does not permit any far-reaching 
speculation on the formula of ngaione. No certain indications of 
the absence of a furan ring have been obtained. Ngaione and 
ngaiol give violet colours in the pine-shaving test (compare furan 
and furfural, which give green colours). One would also expecta 
furan derivative to be rather more unstable than ngaione. On the 


other hand the molecular refractions of ngaione, ngaiol, and their § 


derivatives show depressions of the order of that (average, 0-44) 
shown by furan derivatives (Wienhaus, Ber., 1920, 53, 1660). As 
with the furan compounds, the depressionalmost disappears on hydro- 
genation (loc. cit., 1927). The values forthe molecular refraction seem 
definitely to exclude the possibility of a furyl-ketone grouping of the 


type prepared synthetically by Asahina and Murayama (Arch. § 


Pharm., 1914, 252, 435), C,OH,*COR, which showed a large exalta. 
tion (average, approx. 1-0). 
The tendency to formation of enolic acetates shown by ngaione 


(loc. cit., 1925) is unusual for a ketone, and suggests that an esocyelic §. :,.. 


keto-oxide may be present of the type prepared by Dupont (Compt. 
mnd., 1911, 152, 1486; 153, 275; Ann. Chim., 1913, 30, 485), 


Action 
solutic 


Me, CH, which shows the reactions of the carbonyl group and 


CMe,*CO 
a tendency to enolisation. The analogy can, however, only be 
regarded as tentative, as the properties of esocyclic keto-oxides are 
not well known (compare ketocineole, Cusmano and Linari, Gazzetta, 
1912, 42, i, 1, and the tetrahydro-y-pyrones, Borsche and Thiele, 
Ber., 1915, 48, 684; 1923, 56, 2012). 

It has been shown that the vanillin-hydrochloric acid colour 
reaction is given by nearly all substances containing oxidic oxyget, 
but it is not confined to these substances. 

A small quantity of an isomeride of ngaiol has been isolated, and 
also a monoxide, C,;H,,0. 


EXPERIMENTAL. 


Treatment of Ngaiol with Water—No change in the physical, 


constants was observed after ngaiol (1 part) had been heated for 


19 hours with water (4 parts) in an atmosphere of carbon dioxide at§,; 


250°. 
Hydrogenation of Ngaiol with Platinum-black as Catalyst.— 
Ngaiol (9-7 g.) in presence of platinum-black (1-1 g.; prepared by 


Feulgen’s method; Ber., 1921, 54, 360) and 30 c.c. of glacial aceti¢,,). bea 


bid afte 


er 2 day 
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cid absorbed 3 mols. of hydrogen during 2 hours. The resulting 
thus fi) was hydrolysed with alcoholic potash, and the product isolated 
lent 8. means of ether. A portion of the product lost water when 
‘tilled at 0-5 mm. pressure : the distillate, b. p. 160—180°/0-5 mm., 
is a colourless oil with a strong sweet odour, 31-4707, a3 0-9312 
8 of Bound: ©, 73-4, 73-1; H, 11-9, 12-0. C,;H 3,0, requires C, 69-7 ; 
and # 11-7%. C,;H,.0, requires C, 75-0; H, 11-7%); the saponific- 
tion value of the acetate was 265. 
The undistilled portion of the product of hydrogenation, after 
ing freed from solvent in a vacuum at 100° (2 hours), was obtained 
sa slightly yellow, odourless oil, more viscous than the distillate 
144) B scribed above. It had d>- 0-966 and ni 1-4664, whence [Rz]p = 
As 4.03 [cale. for C,;H,,O(OH),, 73-96] (Found: C, 69-6; H, 11-9. 
dro: 1343903 requires C, 69-7; H, 11-7%). When treated with vanillin 
eel Bnd concentrated hydrochloric acid, the substance slowly developed 
f the jade-green colour. The acetate was prepared in the usual way; 
Arch. nponification value, 308 [calc. for C,;H,,0(OAc),, 326]. 
alta- F The direct product of hydrogenation of ngaiol under the above 
_ ppnditions is therefore an oxido-glycol, C,;H,,0(OH),, different from 
Mont Hhe glycol of the same formula obtained by hydrogenation with 
yelic Biita’s reagent (loc. cit., 1927). 
mpl. B Action of Hydrogen Chloride on Tetrahydrongaiene Dioxide.— 
485), solution of the dioxide (1-1 g.) in glacial acetic acid (10 g.) was 
y and @turated with hydrogen chloride at 0° and kept in the dark for 3 
: ys. Dilution with water then precipitated an oil, which was 
y be tracted with ether, well washed with water and with weak sodium 
8 al Bearbonate solution, and dried; removal of the solvent at 40° and 
atl, hally in a vacuum over sulphuric acid left a dark, fluid oil, which 
hiele, Bd not crystallise at —20° (Found: Cl, 10:2. C,;H,,OCI-OAc 
quires Cl, 11-1%). The chlorine was almost completely removed 
successive treatments with zinc dust and 80° alcohol, and with 
¢ dust and acetic acid at 100°. The resulting oil on distillation 
29mm. pressure gave three fractions, b. p. 185—197°, 197—213°, 
3—, respectively (Found for first two fractions : C, 72-1, 71-4; 
11-4, 11-3. Cale. for C,;H,gO-OAc : C, 71-8; H, 114%). The 
ponification value of the first fraction was 200 (cale. for 
sH,90‘OAc, 209). The product was therefore a mixture of 
tates, formed by the opening of one oxide ring. 
Action of Hydrogen Iodide on Tetrahydrongaiol.—The wine-red 
uid obtained when a solution of tetrahydrongaiol (5-1 g.) in glacial 
tie acid (40 g.) was saturated at 0° with hydrogen iodide became 
‘Pbid after some hours, and a heavy black oil gradually separated. 
‘fer 2 days, ether extracted from the mixture, diluted with water, 
ark brown, unstable, uncrystallisable oil (15 g.) [Found : I, 59-6. 
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C,;H,,1,-OAc requires I, 65-6%. C,;H,gl,(OAc), requires 1, 59-6" 
C,;H,,O1, requires I, 63-1%]. The polyiodide in 80% alcohol w 
heated with an equal weight of zinc dust on the water-bath for 
hours, and ether extracted from the product a mobile brownish # 
with a faint odour. On distillation at 29 mm. this gave two fr 
tions: A,, b. p. 168—172°, nf’ 1-4442, dz: 0-868; A,, b. p. 172 
ny 1-44838 (Found for A,: C, 75:8; H, 12:5. C,;H,,00 
requires C, 76-0; H, 12-0%). Saponification value of A,, 178; #*° 
A, 188. The liquid obtained by hydrolysis of the oil with h@ 
alcoholic potash was isolated by means of brine and ether ay 
divided by distillation into four fractions, all of which decolorisg@’ 
bromine water. Analyses indicated that the product was 
mixture of unsaturated monohydric alcohols with a small quanti] 
of hydrocarbon. The second fraction had b. p. 166—173°/29 mn 
d3}- 0-845, ni} 1-4524, whence [Rz]p = 72-36 (calc. for C,;H59°OH | 
[Rr]p, 72°53) (Found: C, 79-8; H, 13-8. Calc. for C,;H,.:OHR’. 
C, 79-6; H, 133%). 

From the higher-boiling portion of the product of one treatmeg, 
of tetrahydrongaiol with hydrogen iodide a very viscous, yellowis 
odourless oil was obtained (0-55 g.), b. p. 200—215°/13 mm., 
1-4655, which did not ecrystallise during 10 hours at —10° [Foun 
5, 73-1; H, 13-0; M, by Rast’s method, 248. C,;H 3 (OH), requij 

', 73:7; H, 13-2%; M, 244. Saponification value of the aceta 
326. Calc. for C,;H59(OAc), : 8.V., 339]. The substance was th 
shown to be a dihydroxypentadecane. 

Reduction with palladinised barium sulphate and hydrogen. 
catalyst (prepared by Schmidt’s method; Ber., 1919, 52, 409)a 
the oily polyiodo-acetate (from 3-0 g. of tetrahydrongaiol) 
absolute alcohol (30 c.c.) were stirred by means of a current 
hydrogen. The reduction took place rapidly when the solution ¥ 
kept slightly alkaline by frequent additions of aqueous caus 
potash. After 2 hours, the solution was filtered. Extraction ' 
ether, after addition of brine, gave an iodine-free product, fr 
which, on hydrolysis with alcoholic potash, a light brown oil ¥ 
obtained. This, on distillation at 29 mm. pressure, gave if . 
fractions, b. p. 155—165° and 165—170°, as colourless, mobileq 
with a strong aniseed odour (Found for the second fraction: a he 
786; H, 11-8%), a third fraction, b. p. 170—180°, dy Of 
ni’ 14735, as a colourless oil with a sweet odour, and a fo , 
fraction, b. p. 180—195°, d: 0-924, n%” 1-4754, which was odour” 
(Found : C, 75-8; H, 11-3. C©,;H,,0 requires C, 81-1; H, ll" 
C,;H,,.O, requires C, 74-9; H, 11-7%). 

Reduction with zine dust and glacial acetic acid saturated ' 
hydrogen iodide at 0° (compare Zelinsky, Ber., 1902, 35, 2678). 
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lyiodo-acetate from tetrahydrongaiol (4 g.) gave by this 
Patment a colourless product which still contained iodine. The 
Eduction was completed by use of zinc dust and alcohol, yielding a 
nduct which, on hydrolysis and distillation, gave a substance 
lich seemed to be very similar to that obtained by the direct 
juction of the polyiodide with zinc dust and alcohol. 

The Paraffin Alcohol, C,;H,,*OH.—A solution of tetrahydrongaiol 
2g.) in glacial acetic acid was saturated with hydrogen iodide at 
15°, and after 3 days was treated at the same temperature with 
inc dust. The product was reduced as before with zinc dust and 
. Bohol, and the resulting acetates were distilled, and treated in 
Bicial acetic acid with hydrogen and platinum-black, 170 c.c. of 
drogen being absorbed. After filtration from the catalyst and 
utralisation with sodium carbonate, the oil was extracted with 
her and hydrolysed with alcoholic potash. The product was then 
‘Amincted with ether and repeatedly distilled at 29 mm. pressure, 
ving the alcohol, b. p. 168—172°/29 mm., nj 1-4474 (1-4471— 
4481), dz}. 0-841, whence [Rz]p = 72-64 (calc. for C,;H,,-OH, 
Rij, 72-99) (Found: C, 78-9; H, 14-0. C,,;H;,-OH requires 
, 789; H, 14:1%). It did not absorb bromine from bromine 
Hater and only slowly decolorised dilute permanganate solution in 
me cold. 

Attempt to prepare the paraffin. The impure fractions of the 
turated alcohols were treated with phosphorus pentachloride, 
je resulting chloride was reduced with zine dust and alcohol 
ul with sodium and alcohol, and the product distilled repeatedly 
e sodium. The resulting water-white, mobile liquid (0-50 g.) 
db. p. 140—145°/29 mm., nj’ 1-4431, d3: 0-796, and slowly 
dlorised permanganate (Found: C, 83-7; H, 14:0. C,;Hg» 
Mmuires C, 84-8; H, 15-2%). The 2-3% of oxygen may be due to 
wm presence of an ethyl ether, formed during the reduction with 
¢ dust and alcohol, or with sodium and alcohol (compare reduction 
myrtenyl chloride ; Seramler, Ber., 1907, 40, 1368). The presence 
» @ some unsaturated hydrocarbon was also evident. 

Action of Hydrogen Iodide in Glacial Acetic Acid on Tetrahydro- 
nione—The ketone (3-6 g.) was treated with hydrogen iodide as 
scribed above. The yellowish oil obtained soon turned red 


- gqpough liberation of iodine (Found : I, 55-2. C,;H,,O01, requires 


196%. Cy5H,g0,I, requires I, 51-7%. C,;H,,O1,"OAc requires 
575%). Examination of the product of reduction (see below) 
zpwed that the substance was probably a crude tri-iodide of a 
0-acetate, with which the analysis most nearly agrees. Reduction 
f# zinc dust in the usual way gave an oil, of which the middle 
tion had a saponification value of 166. The whole product was 
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therefore hydrolysed with alcoholic potash. Fractional distillatiy 
at 28 mm. pressure then gave three fractions, b. p. 150—1}j 
170—195°, 195—, wts. 0-3 g., nf’ 1°4484, 1-4529, 1-4640 (Foun 
respectively : C, 73-5, 76-9, 75-0; H, 11-9, 12-5, 12-2. C, 5Hy, 
requires C, 74:9; H, 11-7%). The first fraction was a mobil 
colourless oil with an aniseed odour, the other two were yellowis 
more viscous oils with fatty odours. All the fractions were y 
saturated (bromine water) and yielded semicarbazones. }y 
product of the reaction was therefore a complex mixture of ket 
alcohols. The quantities of semicarbazones were too small fy 
separation by fractional crystallisation. 

Reduction of Tetrahydrongaiol with Hydriodic Acid and R 
Phosphorus.—Tetrahydrongaiol (2 g.) was boiled with constant 
boiling hydriodic acid (30 g.) and red phosphorus (2 g.) for 4 ho 
Distillation with steam carried over a negligible quantity of light oi 
which was not further examined. The heavy oily residue ws 
extracted with ether, filtered, washed with water and alkali, dried 
and freed from solvent in a vacuum over sulphuric acid (Found 
I, 53-7. C,;Hgpl, requires I, 54-7%. C,;H,,OI, requires I, 53-2% 
Heating of tetrahydrongaiol (3 g.) under the above conditioy 
during 20 hours with hydriodic acid gave again an oily di-iodid 
It was reduced with zinc dust and alcohol in the usual way, ti 
product was distilled in steam, extracted with ether, and divid 
at the ordinary pressure into two fractions, b. p. 220—240°, 2 
250°, ni’ 1-4465, 1-4500 (Found for the second fraction: C, 87 
H, 13-7. C,;Hgg requires C, 84-8; H, 15-2%. C,;H,.0 require 
C, 78:9; H, 14:1%). The saponification value of the acetylate 
product was 84. ‘The oil was therefore a mixture of a hydrocarbo 
and an alcohol, the low hydrogen value indicating a cyclic or 
unsaturated nature. 

Colour Reactions.—Asahina, Takagi, and Hongo (loc. cit., 192 
also Asano, J. Pharm. Soc. Japan, 1919, 454, 99; Asahina, 4 
Phytochim., 1924, 2, 1) recorded the production of a red colour whi 
a drop of elsholtzione or atractylone was added to a solution | 
vanillin in concentrated hydrochloric acid. Asahina (Acta Phyl 
chim., 1924, 2, 22) applied the reaction to a large number of fur 
derivatives and found that a red or red-violet colour was develop 
in every case with the exception of a few acids such as pyrotrita 
acid. 

The reaction is, however, not confined to furan derivatives, 
with one exception (the oxido-glycol obtained by the hydrogenatif 
of ngaiol with platinum-black as catalyst gave a jade-green colo 
all the oxides described in this investigation have given the te 
Positive tests (in some cases only after standing) have also bet 
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given by ethyl ether, acetal, isoamyl ether, phenetole, anisole, 
diphenyl ether, and dimethylpyrone, whereas negative results were 
obtained with citral, citronellal, borneol, menthol, camphor, acetic 
mhydride, and amyl benzoate. Ordinary reagent acetone, acet- 
idehyde, and acetophenone gave colours indistinguishable from 
those given by the above oxides. 

An Isomeride of Ngaiol.—The strongly odorous constituent of 
cude ngaiol was present also in the oil obtained after treatment 
vith phthalic anhydride, but could be separated in the first fraction, 
b. p. 120—190°/29 mm., on distillation. Redistillation of this 
fraction led to a further elimination of the odorous constituent and 
the isolation of a fraction, which from its physical constants appears 
to be an isomeride of ngaiol, b. p. 188—190°/29 mm., d3. 1-013, 
ny) 1-4794 (1-4793—1-4795) (Found: C, 71-5; H, 9-6. C,;H,,0, 
requires C, 71-4; H, 9:5%). The substance was a light yellow 
jquid with a faint, sweet odour. 

A Monoxide.—The proportion of crude ngaiol that would not 
combine with phthalic anhydride was not large, and contained 
generally a small amount of ngaione. From a sample (4 g.) of the 
lower-boiling part (b. p. 120—180°/29 mm.) a limpid, white, faintly 
odorous oil was obtained by distillation over sodium, at 29 mm. 
pressure, b. p. 160—-170°, nz: 1-4894 (constant over the whole 
fraction), d3}: 0-9485, whence [Rz]p = 67-06 (calc. for C,;H,,0 |T, 
66-05; |Z, 67-78) (Found: C, 81-8; H, 10:8; M, by Rast’s 
method, 229. C,;H,,0 requires C, 81:7; H, 10:9%; M, 220). 
The fraction was therefore probably a mixture of mono- and di-cyclic 
oxides. It took up bromine from bromine water with formation of 
a black oil, slowly decolorised dilute permanganate solution, 
developed an immediate cherry-red colour on treatment with 
vanillin and concentrated hydrochloric acid, and gave a violet colour 
in the pine-shaving test. 


The author is indebted to Professor Collie and Dr. Brady for their 
interest in the work, and to Professor Inglis of Otago University for 
supplies of ngaio oil. His thanks are due also to the Chemical 
Society and the New Zealand Institute for research grants, and to 
the Department of Scientific and Industrial Research for a main- 
tenance grant. 
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CLXXVIII.—Action of Cuprous Hydride on Diazonium 
Salts. A Combined Sandmeyer—Gattermann Reaction, 
By PancHanan Neoar and Anti KrisHna Mirra. 


THE action of moist cuprous hydride (CuH) at 0° upon diazoniun 
salts, in the presence of halogen acid and under other conditions, 
has been investigated. The greater part of the cuprous hydric 
apparently is decomposed, giving copper and cuprous halide in the 
reactions involving halogen acid, so that a Sandmeyer—Gattermam 
reaction occurs. The main organic product is the aryl halide, ora 
phenol from a diazonium sulphate in sulphuric acid, and diphenyl 
on addition of alcohol to the sulphuric acid solution. A small 
quantity of the diazonium salt is, however, reduced, the corre. 
sponding hydrocarbon being formed. 

Cuprous hydride, prepared by the action of an excess of hypo- 
phosphorous acid, or of sodium hypophosphite and sulphuric acid, 
upon a solution of copper sulphate (50—75 g.), was gradually 
added to the ice-cold diazo-solution. On vigorous shaking, a brisk 
effervescence occurred and the colour of the cuprous hydride 
changed slowly to an orange or reddish tint (scarlet in the case of 
o-toluidine). These colours, which were probably due to the 
formation of double compounds, were destroyed by washing with 
alcohol, ether, or acetone. 

After the reaction had proceeded in the cold for 2 hours, the 
product was steam-distilled, washed with sodium hydroxide 
solution to remove phenol, dried, and fractionally distilled, or, if 
solid, recrystallised. 


Base diazotised (g.). | Acid used. Main product (g.). By-product (g.). 


Aniline (22) HCl PhCl (8-8) PhH (1:6) 
29) HBr PhBr (9-8) »» (1:5) 
o-Toluidine (10) HCl o-C,H,Cl (4-5) C,H, (1:5) 
o- (20) HBr o-C,H,Br (10-6) y (18) 
M- — 55 (10) HCl m-C,H,Gl (4-2) » (1:3) 
nee (15) HCl p-C,H,Cl (11-3) » an 
p- y (20) HBr p-C,H,Br (11-6) (22) 
p- (15) ee p-CrHyT (135) » (16) 
Anthranilic acid (11) HCl o-C,H,Cl-CO,H (7-5) None 
p-Nitroaniline (10) HCl p- -C,H,Cl- ‘NO, (7:6) a 
-Toluidine (15) HCl * p-C,H,Cl (2-5) C,H, (1:7) 
ae = eve (20) HCl t p-C,H,Cl (8-5) None 
ee (15) H,S0, C,H, (1-2) 
P- ” (15) H,SO, sad ” (2:4) 
Aniline (20) H,SO,{ Ph-Ph (2-4) — 


* Made faintly ammoniacal; + made neutral with NaOH; ¢{ alcohol added 
before addition of CuH. 
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Crystalline cuprous chloride (Found: Cu, 63-6; Cl, 35-45%) 
and crystalline cuprous bromide (Found : Cu, 44:1°%) were obtained 
in the reactions between cuprous hydride and diazonium chlorides 
and diazonium bromides, respectively, in presence of the corre- 
sponding halogen acid. They separated after filtration of the hot 
solutions left in the distilling flasks, and were purified from 
organic substances by repeated digestion with alcohol and ether. 


PRESIDENCY COLLEGF, 
CatcuTta, INpDIA. [Received October 31st, 1927.] 


(LXXIX.—Studies of Dynamic Isomerism. Part 
XXVII. The Absorption Spectra of Prototropic 
Compounds. Physical Properties of the Stable and 
Labile Forms of Benzoylcamphor. 


By THomas Martin Lowry, CHARLES ALEXANDER HAMILTON 
MacConkKey, and Henry BurGEss. 


Iya paper on “ Absorption Spectra and Tautomerism ” (J., 1926, 
706), Morton and Rosney put forward the view “that enolic and 
ketonic modifications possess the same wave-length of maximum 
absorption.”” As evidence in support of this conclusion they cite 
“the facts that addition of alkali to acetone (which presumably 
gives rise to a trace of an enolic salt) increases the intensity of the 
band, but does not produce a new band, and that the two isomeric 
forms of benzoylcamphor give bands at the same wave-length, but of 
unequal intensity’? (p. 709). The theoretical conclusion of these 
authors appears to us to be very plausible, since two isomerides, 
which are so nearly on the same energy level that they can exist in 
dynamic equilibrium with each other, might very well have similar 
energies of activation, and therefore absorb light of similar wave- 
length. The observations on which they rely are, however, of a 
much less satisfactory character. In particular, the action of an 
alkali in intensifying the selective absorption of acetone is capable 
of alternative explanations (see especially Dawson’s work on the 
catalysis of the iodination of acetone by acids and alkalis) and is 
therefore of little value as evidence in support of their conclusion ; 
and, in the case of benzoyleamphor, the “ facts ”’ cited by the authors 
are in direct contradiction to measurements which had already been 
made by us, and which were communicated to Dr. Morton, prior to 
the publication of his paper. We were therefore in a position to 
challenge his conclusions immediately, on the basis of perfectly 
trustworthy data ; but, in view of the obvious incompatibility of the 
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two sets of data, we thought it wise to postpone our criticisms until 
we had repeated and confirmed all our observations, and moreover 
had extended them in other directions to such a point that we were 
absolutely satisfied of their validity. 

The choice of benzoyleamphor as a material for tests of this 
kind is justified by the exceptional stability of its two forms, which 
undergo isomeric change so slowly that a complete pseudobinary 
fusion-point diagram can be plotted for them (Vixseboxse, Ree, 
trav. chum., 1921, 40, 1). For the present purpose, however, where 
the homogeneity of the two isomerides is of crucial importance, 
the fact that both forms have been isolated in measurable crystals 
is of still greater value, since this provides an even more certain 
guarantee of the individuality of the preparations and of their free. 
dom from all but isomorphous impurities. The purity of the two 
forms can also be checked by measurements of their initial rotatory 
powers in an inert solvent, as well as by the more usual method of 
observing their melting points when they are heated at such a rate 
as not to allow isomeric change to precede the melting of the 
compound. 

The constitutions of the two forms need only be referred to inci- 
dentally, since none of the experimental data now recorded would be 
affected in any way if it could be shown (as Lapworth has already 
suggested to one of us in the case of nitrocamphor) that the two 
dominant, forms are stereoisomeric. The structures originally 
assigned to them by Forster, on the basis of the ferric chloride test, 
have, however, been vindicated by the later work of Dimroth and 
of Vixseboxse, who have shown that the “‘ enol ”’ can be titrated 
sharply by Kurt Meyer’s method, and that this method gives values 
for the equilibrium proportions of the two forms which are identical 
with those deduced from the optical rotations of the solutions. 
In the present paper, therefore, we have made use of Forster's 
nomenclature, and have referred to the stable and labile forms of 
the compound as enolic and ketonic, respectively. 

The known forms of benzoyleamphor represent only two of the 
five theoretically possible isomerides. It is, however, unlikely that 
any other isomeride plays an important part in the equilibrium, 
since (i) the mutarotation curves are at least approximately 
unimolecular (see J., 1923, 123, 2122), (ii) the percentage of enol 
deduced by Dimroth and Vixseboxse from bromine titrations, and 
by ourselves from the ratio of the initial and final solubilities of this 
form (p. 1344), is identical with that calculated from the optical 
rotatory power of the equilibrium mixture. 

The measurements of absorption now described were made as 
part of an extensive study of the physical properties of the stable 
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and labile forms of benzoyleamphor, which required that we should 
prepare a considerable number of samples of each isomeride and 
satisfy ourselves at every stage that the material consisted exclus- 
ively of one or other form of the compound. Thus the earlier 
observations, which were communicated to Dr. Morton, were made 
in the course of an investigation in which we sought to establish 
also (i) the unimolecular character (or otherwise) of the mutarotation 
eurves (loc. cit., 1923) and (ii) the form of the curves of rotatory 
dispersion of the two isomerides, by extrapolation to zero time of the 
observed rotations for different wave-lengths. In the same way, 
the second series of experiments (which was undertaken primarily 
in order to confirm the earlier results) included the determination of 
(iii) the melting points of the two isomerides under specified con- 
ditions, (iv) the initial and final rotations of the two forms, in order 
to calculate the equilibrium proportions of ketone and enol in 
three different solvents, (v) the initial solubilities of the unchanged 
isomerides in these solvents, in order to test van *t Hoff’s activity 
formula, and (vi) the initial and final solubilities of the stable enolic 
form, in order to determine the proportion in which it is present 
in the final equilibrium mixture. The numerical results of these 
investigations are summarised in Table I. 


TABLE I. 
Physical Properties of Benzoylcamphor. 
Equi- 
Equi- librium 
librium proportion 
Enol. Ketone. mixture. of enol. 
MAR TIA ais cask ccseses canwncvasens 89-5° 112 84° — 
Specific rotation [a]5461 
SIE vnadenocusnecteiciseonsngteve 331° 152° 258° 59% 
OBEN. Bika bates doesn davetocseeecs 339° 145° 248° 53% 
Fe ED cin aaccveiastungersenaeayrin 315° 50° 257° 78% 
Rotatory dispersion a4353/@5461 
in benzene at 20° ......ccccccccccscees 2-393 1-555 — — 
Solubility (g./100 g. solution) 
AOE EEE” ons varccsopeconeceons 3°37 2-95 5:83* 58% 
ST RONNIE cosccescecccsevepeces 19-0 19-3 36-4* 52% 
7 DONS BEDE ncicccuspsenssascesns 37°3 16-9 43-1* 87% 
Molecular extinction coefficient 
in aleohol (M/10,000) loge 
IGE UNE. Sib ssicevehisesene A = 3120 2475 3°95) 
loge = 4:19 4-06 3-804 
DE OTE Sicsiedendascnscece A = 3140 2420 (4:10 66% 
loge = 4:27 4-21 (3-90 69% 


* Solid phase, the enol. 


EXPERIMENTAL. 


Preparation of Materials—The work now described was delayed 
for many months because the published directions for making the 
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intermediate dibenzoyl derivative failed, in the hands of later 
workers, to give even the moderate yields (about 8% of the weight 
of camphor) which had been obtained previously. This failure was 
ultimately traced to the excessive care that was used to prevent 
the benzoylation from getting beyond control. The revised direc. 
tions which have rendered the product once more available in 
reasonable quantities are therefore set out below, together with the 
methods used in preparing colourless and homogeneous samples of 
enolic and ketonic benzoyleamphor. 

(a) Benzoyloxybenzoylcamphene. Flowers of camphor (150 g,) 
were dissolved in toluene (400 c.c.) which had been dried over sodium 
wire. Sodium (15 g.) was added, preferably in one piece, and 
heated in a flask on a water-bath under a condenser until the sodium 
began to melt. The flask was then removed and shaken vigorously 
to start the action, which was controlled by dipping the flask in ice. 
water. When the reaction had finished, the liquid was poured 
into a wide-necked bottle, which was then surrounded with ice. 
Benzoyl] chloride (75 g.) was added in small portions, with continuous 
and thorough stirring by means of a glass rod, at such a rate that 
the temperature of the mixture remained between 25° and 28°. 
The product, which had the colour and consistency of vaseline, 
was allowed to stand for 2 hours, and then shaken several times with 
cold water, until the latter no longer became coloured. The 
toluene was recovered by distillation from a water-bath, under a 
pressure of about 120 mm., and the last traces of solvent were removed 
by reducing the pressure to 15 mm. The syrupy residue was 
steam-distilled until the smell of camphor could no longer be detected. 
If the aqueous layer deposited crystals of benzoic acid on cooling 
(which does not occur in a correct preparation), the syrup was freed 
from this acid by shaking several times with boiling water. When 
quite cold it was separated as far as possible from water, and just 
half its volume of 96% alcohol was added. After 20 hours the 
crystals of benzoyloxybenzoyleamphene, which in a correct prepar- 
ation are already colourless, were filtered off and recrystallised 
from boiling alcohol. 

(b) Benzoyleamphor (enolic form). The dibenzoyl compound 
(10 g.) was dissolved in alcohol (100 c.c.) and heated on a water-bath 
for 2 hours under reflux with a solution of sodium hydroxide (2°3 g. 
of sodium) in alcohol (25 c.c.) to which a little water (4 c.c.) had finally 
been added. The alcohol was distilled off, the last traces being 
removed by adding and distilling off a little water. The solid residue 
of sodium salts was dissolved to a cloudy solution by shaking three 
times with water (3 x 500 c.c.) at 80°. Colourless benzoyleamphor 
was then precipitated by passing carbon dioxide into the cold 
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filtered solution. The red tinge, which is developed when boiling 


| water is used to dissolve the sodium salt, may be removed by 
dissolving the product in ether, shaking twice with water, twice 


with dilute hydrochloric acid (1:1), and again with water. The 
crude benzoyleamphor was crystallised from cold ether (in which 
solvent the equilibrium mixture contains 84% of enol) by evapor- 
ation under reduced pressure, and separated in highly refracting, 
colourless prisms. Further purification was effected by dissolving 
the compound in boiling light petroleum (or heptane) and stirring 
with a glass rod which had been exposed to the fumes from con- 
centrated hydrochloric acid; the crystals, which separated slowly 
on cooling, were crushed and washed with ether containing a trace 
of hydrogen chloride. 

(c) Benzoylcamphor (ketonic form). The ketonic form of benzoyl- 
camphor was prepared by heating the enolic form (10 g.) under 
reflux with concentrated formic acid (20 c.c.) for 4 hours (compare 
Dimroth, Annalen, 1913, 399, 110). After cooling (and without 
filtering, because there was nothing to filter), the liquid was shaken 
for 3 minutes with light petroleum. The precipitated crystals were 
drained on a Biichner funnel, washed quickly with light petroleum, 
shaken with water, drained, washed until all traces of formic acid 
had been removed, and finally dried in a vacuum over sulphuric 
acid. If desired, they can be recrystallised by dissolving them in 
ether at 20° and evaporating a part of the solvent under reduced 
pressure; but it was found that the melting point of the product 
was often lowered instead of being raised by this further treatment. 

Melting Points.—Melting points of the two forms of benzoyl- 
camphor have been given by earlier workers as follows : 


Forster. Dimroth. Vixseboxse. 
WOME | ce coddbiithcdicedsxaecdsassessls 89° 90—91° 89° 
PID, cimavsantiencscitnebisanaseses 87—88 112 107 


The triple point, at which the enol crystallises from the molten 
equilibrium mixture, is 84°. After fusion, therefore, any chemically 
pure sample of benzoyleamphor will freeze at this temperature, and 
the melting points of both forms will tend to the same value if time 
is allowed for isomeric change to occur before fusion. It was 
therefore important to know what is the minimum time in which 
a melting-point tube can be heated, and its contents fused, when the 
temperature of the bath is higher than the melting point by a 
known amount. In order to obtain this information, purified 
acetanilide, in a fine melting-point tube, was plunged into a bath 
heated to different temperatures, and was found to melt in over 
60 seconds with the bath at 113-9°, in about 40 seconds at 114-0°, 
and in about 15 seconds at 114:1° and above. These experiments 
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show that fusion cannot be effected in less than about 15 seconds 
when the melting-point tube is plunged into a bath at a slightly 
higher temperature, but that the lowest bath-temperature at which 
fusion takes place within this time is only about 0-2° above the 
true melting point. Under these conditions the enolic form of 
benzoyleamphor melts at 89-5° and the ketone at 112°. The 
latter temperature agrees with the melting point given by Dimroth, 
but, if a period of 1 minute instead of } minute is allowed for fusion, 
the melting point is lowered by perhaps 5°, and therefore corresponds 
roughly with that recorded by Vixseboxse. 

The melting point given by Forster is only a little above the 
triple point; but this might easily be recorded as the melting point, 
if determined in the ordinary way, without making use of the 
special precautions that are needed in the case of a labile compound. 
For instance, when a single crystal of a sample which melted at 112° 
was crushed on a porous plate and heated in a melting-point tube, 
it melted within a minute at 90°. The substantial homogeneity of 
Forster’s material is proved, however, by the fact that the initial 
rotations recorded for solutions in alcohol and in chloroform are 
very similar to those given in the present paper; and the complete 
identity of his labile material with ours is proved by the facts that 
the crystals belong to the same system, exhibit the same faces, 
and have the same axial ratios within the limits of experimental 
error, namely a:b:c = 0-7375:1:1-0224 (Forster) = 0-7454:1: 
1-0138 (L., McC., and B.). 

Anthes’s melting-point apparatus (Chem.-Ztg., 1911, 1375), in 
which the liquid of the bath is made to circulate through a lateral 
heating-tube, was used for these experiments, but greater uniformity 
_ of temperature was secured by heating electrically instead of by a 

flame. For this purpose the heating-tube was wound with resist- 
ance wire and covered with Pyruma cement. The apparatus was 
protected from draughts by a little cardboard box with glass front 
and back, holes being provided in the sides of the box for the two 
side tubes through which melting-point tubes were immersed in the 
bath. When paraffin oil or concentrated sulphuric acid was used, 
the circulation was slow, on account of the viscous nature of the 
liquid; xylene (b. p. 133°), which is very mobile at 110°, was there- 
fore used, and gave a rapid circulation and uniform heating of the 
thermometer. The temperature rose quickly when a_ heating 
current of about 0-5 amp. was used, and could be regulated easily to 
0-1°. 

Optical Rotations.—The following values have been found for the 
initial and final specific rotations [«];,,, of the two forms in three 
typical solvents (c = 1-25°% in each case). 
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Equilibrium 
Enol. Ketone. mixture, %. 
A —— 


Solvent. Initial. Final. Initial. Final. Enol. Ketone. 
Alcohol 258° 152° 258° 59 41 
Acetone 248 145 249 53 47 

‘ 256 50 257 78 22 

It will be seen that the rotatory power of the enolic form is very 
similar in all three solvents, but that the ketone has a much lower 
rotatory power in benzene than in acetone or alcohol. A similar 
contrast is seen in the proportions of enol and ketone in the 
equilibrium mixture, which show clearly that the two oxygenated 
solvents favour the formation of the ketone in a much higher 
degree than does the hydrocarbon. The correlation of this dis- 
placement of equilibrium with the relative solubilities of the ketone 
and enol in the three solvents is discussed below. 

Rotatory Dispersion.—The rotatory dispersions of the enolic and 
ketonic forms of benzoyleamphor were measured in 6-dem. tubes at 
2° in pure benzene. The concentrations of the solutions were as 
follows : 


Enolic benzoyleamphor, 8-000 g. in 52-242 g. of solution : 
di’ = 0-9075, hence c = 13-90 g./100 c.c. : [x] = 1-199 a. 
Ketonic benzoyleamphor, 8-000 g. in 61-7075 g. of solution : 
di’ = 0-9034, hence c = 11-71 g./100 c.c. : [a] = 1-423 a. 


Since each form changed into the other during the determinations, 
the observed rotations had to be corrected in order to give the 
rotatory power of the pure compounds. For this purpose the 
rotation of each form for the line Hg 5461 was measured at intervals 
during the experiment and plotted against the time. The amount 
of ketone and of enol present at the time of each determination could 
be read off from the graph and the rotation of each form at zero 
time could then be calculated. In the case of the enol, the correc- 
tion, even of the latest readings, is probably accurate within + 0-5° ; 
that of the earliest readings, e.g., those taken with the mercury lines, 
is proportionally more exact. In the case of the ketone, the error 
from this source should not be larger than 0-1° for the three mercury 
lines, which were read first, and about 0-25° for two copper yellow 
lines and the zine red line, which were read next, but the solution 
had then changed so much that no further readings were taken ; 
the values used to correct the rotations of the enolic form were there- 
fore interpolated from a curve of rotatory dispersions, on which 
the rotations of the mercury lines and the zinc red line were plotted. 
The observed and corrected rotations are set out in Table II, 
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together with values for the specific rotation of the enolic form, 
calculated from the formula 


fe] = 80-82 27-65 
*1 = 52 — 0-10023 2 


The rotatory dispersion of enolic benzoyleamphor can be expressed 
quite satisfactorily by means of a three-constant formula, since, 
even on specific rotations of several hundred degrees, the differ. 
ence between the (corrected) observed and calculated values is always 
less than a degree. Since the second dispersion constant is ignored 
in a three-constant equation, the value of the first dispersion constant 
is not very trustworthy; but the characteristic wave-length, 
2 = 3160, deduced from the equation agrees closely with the 
observed head of the absorption band at 3100 or 3140 A.U. It is, 
moreover, noteworthy that the difference is similar in direction to, 
although substantially smaller in magnitude than, that which has 
already been recorded in camphorquinone and in camphor, where it 
amounts to about 70 A.U. (J., 1924, 125, 2521; 1925, 127, 611), 
as well as in the halogen derivatives of camphor, which produce a 
much stronger “ general absorption”? than camphor and give a 
discrepancy of about 140 A.U. The same explanation of the discrep- 
ancy may therefore be adopted, namely, that ‘‘ when a selective 
absorption is superposed on a strong general absorption, the observed 
head of the band will be displaced to a region of shorter wave- 
lengths’ (J., 1925, 127, 1267). 

The rotatory dispersion of the ketone is in striking contrast 
with that of the isomeric enol. Thus the rotation of the enol 
increases rapidly as the wave-length decreases, and tends towards 
an infinite positive value at the absorption band; moreover, since 
the rotation constant of the positive low-frequency term is three 
times as great as that of the negative high-frequency term, the 
rotation must remain positive over the whole range of wave-lengths, 
the rotatory dispersion being therefore ‘‘ complex but normal.” 
In accordance with this behaviour the dispersion ratio []}45¢/ 
[%]54g, of the enol is as high as 2-393; that of the ketone, on the other 
hand, is only 1-555. The latter value agrees closely with the theo- 
retical ratio 1-57 for a substance obeying Biot’s law of inverse 
squares, « = k/?, where k has the value 18-04. In this respect, 
therefore, the rotatory dispersion of the ketone is similar to that 
of sodium tartrate (Lowry and Austin, Phil. Mag., 1922, A, 222, 
249) and of octyl oxalate (Lowry and Richards, J., 1924, 125, 
1596). Since, however, this value for the dispersion ratio could only 
be reached if the nearest absorption band were at zero wave-length 
(and smaller values would make the characteristic wave-length an 
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imaginary quantity), it is evident that the apparent simplicity of 
the dispersion law is only an approximation resulting from a balanc- 
ing of two partial rotations of opposite sign. In the two cases cited 
above, this complexity was made obvious by small, systematic 
ieviations from the calculated rotations; in the present instance 
there are not enough data to show these small deviations, but, 
ince the dispersion ratio is actually less than the theoretical 
tinimum, it is clear that the rotations can only be expressed by a 
two-term equation, with terms of opposite sign. It can, indeed, 
ie predicted with some confidence that the rotatory dispersion 
vould become anomalous in the ultra-violet region, and undergo a 
reversal of sign as the ketonic absorption band at 4 = 2480 A.U. 
is approached, since this predicted anomaly has already been 
verified experimentally in the case of sodium tartrate. 


TABLE II. 
. . . re) 
Rotatory Dispersion of Benzoyleamphor in Benzene at 20°. 
(a) Ketonic form. (b) Enolic form. 
Ware- t {a] Correc- [a] t [a] Correc- [a] [a] 
length. (min.). (obs.). tion. (corr.). (min.). (obs.). tion. (corr.). (cale.). Diff. 
688 — _— — +42-2* 241 +188-72 +1:90 +190°6 +190-4 +0-2 
‘ae 116 +4597 —2:17 +42: Re 2 - - ~ 
moez {157 THE8i ~iss fasey 58 19679 025 1970 1971 —O-1 
Na 58938 = — = — +513 — — —° £6  — — 
. 5782 105 +57-31 —3°21 +541 111 261-58 0-90 262-5 262-5 a 
#5791 75 +5429 -—099 +4583) oo ono.ar 9@: 969-2 ; 
Hg 5770 540 ($5865 «0-25 +5845 28 26265 016 2628 2628 4 
(u 5700 =110 +5885 -—395 +549 117 274-17 100 2752 2746 +06 
4g 5465 — — — +60-2 228 311-78 2:95 314:7 3146 +01 
Hg 5461 49 4-60-77 —0-27 -+-60°5 46 315-22 0-29 315°5 315-5 ad 
Cu 5218 -- —- = +67°2 73 367-44 0-75 368-2 368-2 os 
Cu 5153 —— — = +69-2 84 384-11 0-95 385:0 384-7 +03 
(1 5106 — — --- +70-6 95 395-61 1:15 396-8 39777 —0-9 
(d 5086 =~ — — — +71:-4 258 398-48 469 403-2 4032 + 
In 4811 = _- ~- +81-0 68  495°47 0-94 4964 496-6 -—0-2 
4722 — — — +843 123 532-26 2:20 5845 5344 +01 
Hg 4358 62 +9552 -—1:42 +94-1 37 763-77 0-72 7545 7552 —-—0-7 
Hg 5461 66 +61-19 — — 24 315-16 . — - _ 
- 82 + 62-29 — - 139 314:05 — - 
163 71-98 _ 7 148 313-81 - — 
174 73-84 — _ 188 313-31 
= ee - e 198 313-10 - - 
- — — 308 = 310-26 - 


-- -- — — 321 310-17 — — -- 
Extrapolated or interpolated values are shown in italics. 


xt 


Solubilities—When dissolved in an inert solvent of reasonable 
purity, and at a low temperature, the two forms of benzoyleamphor 
are converted into each other so slowly that it is possible to measure, 
not only the solubility of the stable form before and after isomeric 
change has taken place (as described in Parts II and III of this 
«ries, J., 1904, 85, 1541, 1551), but also the initial solubility of the 
bile ketonic form. Benzoyleamphor was therefore selected by 
Dimroth (Annalen, 1913, 399, 110) as a suitable substance with 
which to test the theorem of van ’t Hoff, that the change of equili- 
brim due to the solvent is completely allowed for when “ the unit 
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of concentration is no longer the gram-molecule per litre, but the 
concentration of the saturated solution ” (“ Vorlesungen,”’ 1898, I, 
217; English trans., p. 221), or, as Dimroth expresses it, “ two 
interchangeable isomers, desmotropes or tautomers are in equilibrium 
in any solvent, when their concentrations are in the same proportions 
to one another as their solubilities in that solvent, multiplied 
by a constant G.” Thus c,/l, = G@ X cgflg, or c4/eg = G X Iy/h, 
where c, and cg are the concentrations, and J, and /, the solubilities 
of the two forms in a given solvent, and G is a function of the 
vapour pressures of the two forms and of their equilibrium con. 
centrations in the vapour, but is independent of the solvent. 

Van ’t Hoff’s theorem (which does not allow of a reversal of 
solubility by change of solvent) is obviously not applicable in the 
case of isonitrosomalonanilide, which crystallises from alcohol, 
ether, ethyl acetate, or acetic acid in white, pearly scales, but from 
chloroform or benzene in yellow needles (Whiteley, J., 1903, 83, 34), 
nor in the case of nitroformaldehydehydrazone, which separates in 
the «-form from benzene, chloroform, or light petroleum, but in the 
6-form from water or alcohol (Bamberger, Ber., 1901, 34, 2001). 
Dimroth, however, found the following ratios for the two forms of 
benzoyleamphor at 0°, and concluded that ‘“ van ’*t Hoff’s theorem 
is completely confirmed.” 


€4/Cp. 1, /lp. G. 
PUIG aac deecacidosiecssoveveristeisieseeestes 6-81 6-39 1-06 
PENT AOCOMES © Cvccsiniscccssncenasdesocoos 1-98 1-81 1-09 
RPT NII, kes cienscoscensevegueseece 1-67 1-57 1-06 
PCUNG GRODROL ces ccceessscssecnesteteees 0-87 0-748 1-15 
PMNS ooo nance dseccusosssavsevecoreours 0-853 0-80 1-06 


Vixseboxse, on the other hand, after measuring the concentration 
ratios and the solubility ratios in three solvents at 17°, found that 
the value of G varied from 1-13 to 1-52, and concluded that “ G is 
therefore not constant ”’ (Dissertation, Amsterdam, 1919; compare 
vec. trav. chim., 1921, 40, 1). 

Since these two authors arrived at opposite conclusions from the 
study of the same compound, we thought it desirabie to make use 
of the experience which we had gained in the isolation of the two 
pure isomerides in order to carry out measurements of solubility 
under similar conditions to those used by Vixseboxse. For this 
purpose the purified material was crushed in an agate mortar and 
stirred vigorously with 5 c.c. of solvent in a vessel mounted in a 
thermostat; a sufficient quantity of solid was used to make the 
liquid cloudy, but a little fine powder was added 2 minutes before 
a sample of the saturated solution was taken for analysis, in order 
to ensure saturation. The sample was removed by means of a | ¢.¢. 
pipette, with a piece of filter paper wired over the tip; it was 
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transferred to two weighing bottles, evaporated in a current of air, 
and finally dried for 18 hours over sulphuric acid and paraffin wax 
in a vacuum desiccator. The time at which samples were taken 
was fixed at 8 minutes, after a trial run with enolic benzoyleamphor 
in ethyl alcohol at 15°, which gave the following solubilities : 
i CHIN sb d5c5 Csnccdcevetenthconceeceess 4h 9 134 30 
Sespecsendep 31 31 3-0 3°7 

The solubilities found in this way are set out in Table III, where 
the subscripts A and B relate to enol and ketone, respectively, and 
the figures shown in parentheses are data cited from Vixseboxse’s 
paper or read off from his graphs. 


TABLE ITI. 


Solubility of Benzoyleamphor at 17°. 
Solubility, 


g. per 100 g. of mols. per 100 


solution. mols. of solution. 

Solvent. Enol. Ketone. Ratio. Ip. In /lp. caler. a. 
‘leohol f 3:37 2:95 1-14 0-62 0-54 1-15 1-44 1-25 
EE emis (0-71) (0-58) (1-22) (1-56) (1-28) 
Nha {19-0 19-3 0-98 5-05 5-1 0-99 1-12 1-13 
SEE scones (5-0) (5:2) (0-96) (1-08) (1-13) 
Benzene ...... 37°3 16-9 2-21 15-3 5:8 2-64 3°55 1-34 
Toluene ...... — — — (12:1) (41) (2:95) (4:56) (1-52) 


In the case of acetone our ratios agree throughout with those 
of Vixseboxse, and give an identical value for the constant 
¢ = 1-13(1-13). In the case of alcohol, our solubilities are slightly 
lower, but lead to almost the same value for G = 1-25(1-28). The 
solubilities in benzene and toluene do not afford any similar check 
on one another; but they concur in giving a higher value for the 
constant G = 1-33*(1-52). The concordance of the values given 
by Vixseboxse and by ourselves for solutions in acetone and in 
alcohol shows that the difference in the magnitude of the constant 
in these two solvents is real; it is also clear that the aromatic 
hydrocarbons give still higher values. Van ’t Hoff’s theorem is 
therefore not an exact relationship; but, since the three values 
which we have obtained cover a range of only + 8°, we can at least 
regard it as a good first approximation. 

As a further check on the composition of the equilibrium mixture, 
we have determined the ratio of the initial and final solubilities of 
the enol in alcohol, acetone, and benzene. The results are included 
in Table I, but alcohol is the only solvent in which the solubility is 
sufficiently low to permit of a trustworthy deduction of the 
equilibrium ratio from the solubilities. The ratio of the initial to 


* This value would be increased to 1-6 if the solubilities were expressed in 
g. per 100 g. of solution instead of in mols. per 100 mols. 
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the final solubility (viz., 3-37/5-83) in this solvent indicates that there 
is 58% of enol in the equilibrium mixture; this proportion agrees 
closely with the value, 59°/,, deduced from the optical rotations, and 
therefore indicates (but does not prove) that only the two known 
isomerides play any important part in the final equilibrium. 
Absorption Spectra.—The first series of absorption spectra were 
measured with a sector-photometer and a quartz spectrograph 
(compare Lowry and French, Proc. Roy. Soc., 1924, A, 106, 489), 
N/10,000 alcoholic solutions being used. The absorption curves 
(Fig. 1) show a very strong enolic band, the molecular extinction 
a coefficient rising to a maximum 
' loge = 4-19 at 3120 A.U. The 


Extinction coefficients 6f benzoyl- 
camphor. j . pure ketone, on the other hand, 


(First series :; sector-photometer.) gave a band of its own with a 
42 maximum log «=4-06 at 2475 AU. 
The optical purity of the two 
specimens is shown by the fact 
that the molecular extinction 
coefficient of the enol passes 
through a minimum at a wave- 
length near to that at which the 
absorptive power of the ketone 
rises to a maximum, and con- 
versely that the absorptive power 
of the ketone falls rapidly through- 
out the region in which that of 
the enol is rising from a minimum 
at2570to a maximum at 3100A.U. 

S000 2600 2200 The equilibrium mixture of the 
two forms showed both maxima, the enolic band giving a maximum 
log ¢« = 3-95 at 3100 A.U. and the ketonic band a maximum 
log « = 3-80 at 2475 A.U. 

These observations showed clearly that, in direct opposition to 
Morton and Rosney’s statement, the intensities of the absorption 
bands of the two forms were approximately equal to one another, 
whilst the frequencies were quite different; but in order that there 
should be no possible doubt as to which series of data is correct, the 
whole of the work was repeated with fresh materials, as part of a 
more extensive investigation of the physical properties of the two 
isomerides. In this case an ultra-violet spectro-photometer was 
used in place of the sector-photometer, since the data given by the 
latter may be influenced by the characteristic curve of the photo- 
The results of this second series of measurements 


graphic plate. 
are plotted in Fig. 2. The enol now shows a maximum, log « 
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= 4-27 at 3140 A.U., whilst the ketone gives a maximum at log « 
= 4:21 at 2420; in the equilibrium mixture, the enolic band gave 
amaximum at log « = 4-10 and the ketonic band at log ¢ = 3-90. 
No trace of the enolic band was detected in solutions of the pure 
ketone when the observations were completed in a sufficiently short 
period of time to avoid the occurrence of isomeric change; but the 
molic band was readily observed in specimens which had partly 
Fie. 2. 
Extinction coefficients of benzoyl- 
camphor. 
(Second series : spectro-photometer.) 


lace . 

4 | Fig. 3. 

42 g ay Oe 2 Extinction coefficients of equilibrium 
moaxture. 


(Full line = calculated values ; broken 
lines = observed values.) 


€= 
20,00 


30 0 i 
400.3000. 21600. 2aco +300 = 3000 2600 2200 


reverted to the enolic form on storage, and it was always seen in 
solutions which had been kept long enough to allow of a partial 
isomeric change.* The fact that Morton’s specimen of the ketone 


* The enolic band, in a mutarotating solution of the ketone, was first 
reeorded after } hour at A = 2860, loge = 3°36, and then drifted across 
slowly to the normal wave-length A = 3140 and intensity loge = 4-1 of the 
band in the equilibrium mixture. It was also noticed that the extinction 
coefficient for the wave-length 4 = 2660 (at which the values for the ketone, 
enol, and equilibrium mixture are identical at loge = 3-6) appeared to pass 
through a minimum value, instead of remaining constant, during the mutarot- 
ation of the enolic form. 
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gave a weak band at the wave-length of the enolic maximum could 
be explained by supposing that his solution contained some of the 
more stable enolic isomeride; but it is more surprising that he 
makes no mention of the band at 2420 A.U., since this is only 
slightly less intense than‘the enolic band itself.* 

Although the visual readings of a spectrophotometer plate are 
not of a high order of accuracy, the fact that they give numerical 
values for the molecular extinction coefficient of the solute makes 
it possible to use them as the basis of an independent determination 
of the proportions of enol and ketone in the equilibrium mixture. 
Thus, if we select for examination the extinction coefficients at wave- 
lengths corresponding with the enolic and ketonic maxima respect- 
ively, we obtain the following results : 

Molecular extinction coefficients. Equilibrium 
r ratio. 
Equilibrium =—————_, 
Wave-length. Enol. Ketone. mixture. Enol. Ketone, 


A = 3140 18,400 1,300 12,600 66 34 
A = 2420 4,300 16,200 8,000 69 31 


The equilibrium ratio deduced by Dimroth and by Vixseboxse from 
bromine titrations was 61:39 for saturated solutions in alcohol, 
and this agrees closely with the ratios 60:40 and 59:41 deduced 


by Vixseboxse and by ourselves from observations of optical rotatory 
power. The ratios deduced from the absorption spectra for 
alcoholic solutions of about M/20,000 concentration show a higher 
percentage of enol, but, since they agree very well with one another, 
this higher ratio may be regarded as a definite change of equilibrium 
resulting from the extreme dilution of the solution. 


Summary. 

(a) Measurements have been made of the melting point, optical 
rotation, rotatory dispersion, solubility, and ultra-violet absorption 
of the stable and labile forms of benzoylcamphor. 

(6) Contrary to an earlier statement “that the two isomeric 
forms of benzoyleamphor give bands at the same wave-length, but 
of unequal intensity,” it has been found that the absorption bands 
are of nearly the same intensity, but differ widely in wave-length. 
The absorption of the equilibrium mixture in very dilute alcoholic 
solutions corresponds closely with that of a mixture of two parts 
of enol and one part of ketone. 

* [Note added, May 11th, 1928.] Dr. Morton has been kind enough to 
prepare fresh samples of the two isomerides from a specimen of crude benzoyl- 
camphor which we sent to him, and has confirmed the general form of the 
absorption spectra recorded in Fig. 2. The origin of the different results 
recorded previously is under investigation. 
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(c) Van ’t Hoff’s relation between the solubilities of the two forms 
and their equilibrium concentrations has been tested for solutions 
in alcohol, acetone, and benzene, and found to hold good within 


(d) The ratio of the initial and final solubilities of the enolic form 
indicates that the equilibrium mixture in a saturated alcoholic 
solution contains about 58%, of enol, in close agreement with the 
proportion, 59 °%, deduced from the optical rotations of the solutions. 


We are indebted to the Department of Scientific and Industrial 
Research for a maintenance grant to one of us (C. A. H. McC.) 
with the help of which the experimental work described in the 
present paper was carried to completion. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, March 7th, 1928.] 


CLXXX.—Optical Activity and the Polarity of Sub- 
stituent Groups. Part VIII. Growing-chain Effects 
and the ortho-Effect in Benzoic Esters. 


By H. Gorpon Rug, Wiiuiam Hay, and Jack PAUvt. 


In earlier communications of this series (J., 1926, 553; this vol., 
p. 178) it has been established that a group which is m-directive in 
benzene substitution raises the rotatory power of menthy]l or sec.-8- 
octyl benzoate when introduced into the ortho-position to the 
carboxylic complex, and that an o,p-directive substituent in this 
position lowers the rotation. The magnitude of the resulting change 
has also been shown to be related directly to the magnitude of the 
directive power of the group on benzene substitution. 

An effect of this kind must be transmitted to the asymmetric 
centre either through the chain of intervening atoms or directly 
through space. The former supposition is favoured by the similarity 
in the influence of the substituents on rotatory power and on benzene 
substitution, since orientation effects in benzene substitution are 
commonly explained by electronic rearrangements which are assumed 
to be transmitted through the nucleus (Robinson, J. Soc. Chem. Ind., 
1925, 44, 456; J., 1926, 401; Ingold and Ingold, ibid., p. 1310. 
Vompare also Hejendahl, J., 1924, 1381, on alternation in an aliphatic 
chain). On the other hand, the fact that substituents in the m- and 
positions do not produce the same type of change in rotatory 
power (this vol., p. 178) is strongly against this view. There 
remains the possibility that the influence in question is propagated 
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directly through space. In this case a similar effect on the rotatory 
power should be evident in other compounds the stereochemical 


configuration of which is such as to bring the substituent into clos ff °Ver 
proximity to the asymmetric group. Numbered among such com. §f Plott 
pounds are the o- and peri-derivatives of naphthoic esters (to be § 20' 
dealt with in a subsequent communication) and the homologous § /he 
series of esters of aliphatic acids containing the substituent as a fj *PPT 
terminal group in the alkyl radical. In the latter compounds the ff “1a” 
terminal group returns on itself at regular intervals as the chain "alu¢ 
increases in length, often giving rise to characteristic maxima or § *Ur¢ 
minima at intervals of about 5 carbon atoms. If, therefore, the © 
o-effect in the benzoic esters is transmitted through space, it would ‘ain 
be anticipated that similar differences would be exhibited in the § 2 Wh 
behaviour of growing chains possessing terminal groups of different H the @ 
types. be se 
An attempt has now been made to obtain further evidence bearing § *tes 
on this point by the investigation of two series of optically active § 'W° © 
esters, the menthyl n-alkyloxyacetates and the menthyl hydrogen 
esters of n-dicarboxylic acids. Of these, the former has a terminal (-0- 
group which is o-p-directive in type, and the latter has one which i. e 
is m-directive. The values obtained for the rotatory powers of these 
esters in the homogeneous state and in solution are summarised in 
Tables I and II. Values observed for other temperatures ani A st 
wave-lengths are given in the experimental section. All the follow. to the 
ing rotations are negative in sign. compo 
two se 
I. 1-Menthyl n-Alkyloxyacetates, CyyH,gO°CO-CH,-OR. one an 
R. Me.* Et.* Pr. C,H, CsH,,. CoH; CyH,;. CgHj> 2 mini 
[My]. waipeiarewola 195-3° 189-6° 187-4° 189-2° 189-0° 186-8° 186-1° 1862° Hi then f 
[egy ceeee eres 193-6° 193-1° 191°3° 192-3° 191-0° 188-6° 188-1° 188:7° nenth 
4958 (99°) ... 1-968 1-962 1-967 1-964 1-963 1-964 1-964 1-963 Hat n — 
* Rule and Smith, J., 1925, 127, 2188. tise tor 
for a s 
Il. Values of [M]54¢, for the 1-Menthyl Hydrogen Dicarboxylates @ the dis 
the Homogeneous State and in Solution (approx. 5%). them, 
Sodium salt in other, : 
Homog., Homog., In _ In In a—_—_—"—. Refe 
n. 20°. 60°. C,H. EtOH. CHC\;. water. alcohol. 
6  189:9° 188:3° 183-8°  1951° 203-3° 195-49 — fy Ster sk 
7 — — 180-4* — 199-7* 193-6 “r of the 
8 191-9 191-1 198-4 = 200-2 203-2 189-5 1983" 
9 185-6 184-9 193-1 195-4 199-0 186-4 197-1 P 
10 186-6 185-3 192-1 198-8 198-3 183-5 197-1 n= 8, 
183-0 181-7 188-5 194-1 196-3 176-4 198-2 that th 
12 192-6 — 197-6 200-1 —_ 181-0 198-9 ae 
13 187-8 — 195°3 199-4 — 179-7 196-9 ning 1S 
* Kenyon and Pickard, J., 1915, 107, 54. brings 
the not 
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Except in a few instances the rotatory powers were measured 
over the range Ayg5g tO Agr9s, and in every case the values of 1/« 
plotted against 2 gave a straight line. The esters therefore exhibit 
normal and simple dispersion under the conditions of experiment. 
The dispersion ratios o455./%599, for both series of compounds 
approximate closely to 1-96. As may be seen from the tables, a 
change of temperature has little effect on the rotatory power. The 
values for the alkyloxy-esters rise slightly with increase in temper- 
ature, whereas those for the dicarboxylates fall somewhat. 

Comparison of the Rotation Curves.—The influence of the growing 
chains on the rotatory powers of the esters is illustrated in Fig. 1, 
inwhich the length of the chain, n, is measured from and including 
the asymmetric atom (terminal hydrogen being omitted). As will 
be seen from the following formule, the growing chain of each 
series resembles that of menthyl hydrogen phthalate in containing 
two oxygen atoms. 


, O48,H,H,O 

(-O-C-C-C-C-C-OH 

fa 26°83 23 3 

Menthyl hydrogen Menthyl1 propoxyacetate. 
glutarate. 


A striking difference between the two curves, which leaps at once 
to the eye, is the regular and pronounced alternation of the carboxy- 
compounds. Apart from this, however, the visible portions of the 
two sets of diagrams stand in the strongest possible contrast with 
one another. The values for the alkyloxyacetic esters fall steeply to 
aminimum at n = 8, rise rapidly to a maximum at n = 9,10, and 
then fall again to a minimum at » = 12,13. The values for the 
nenthyl hydrogen carboxylates, on the contrary, rise to a maximum 
at n = 8, descend to minimum values at » = (9),10,11, and finally 
tise towards a maximum in the neighbourhood of nm = 12. Except 
for a slight lack of exact correspondence in the central portion of 
the diagrams, due to the strongly alternating character of one of 
them, the maxima for the one series coincide with minima for the 
other, and vice versa. 

Reference to the numbering diagram given above for the o-benzoic 
ester shows that the high value of the phthalate and the low value 
of the o-methoxy-ester occur at chain length » = 7, whereas the 
corresponding maximum and minimum points in Fig. 1 occur at 
t=8. The discrepancy may possibly be explained by the fact 
that the interior angle between the valency bonds of the benzene 
ting is greater than that existing in a strainless compound; this 
brings the o-groups closer together than would be the case with 
the normal bending of an aliphatic chain and thus tends to 

be 4 
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accelerate the occurrence of the characteristic maximum or minimum 


values. 
As might be expected, the magnitude of the o-effect in the benzoic 


Fie. 1. 
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8 9 10 11 12 13 
Length of growing chain. 

I Menthyl alkyloayacetates (homog. 20°). IL Menthyl hydrogen dicarboxylates 
(homog. 20°). III Menthyl hydrogen dicarborylates (in C,H,). IV Dicarb- 
oxylates (in EtOH). V Dicarboxylates (sodium salt in EtOH). 

For rotations in alcohol subtract 3° from scale value. 
esters is large compared with the deviations in the curves for the 
aliphatic esters. In the benzene derivatives the configuration of the 
molecule is such that the substituent group is permanently main- 
tained at the most effective distance from the asymme 


tric atom. § 
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In the aliphatic compounds the chain is probably in a state of 
constant motion, and the particular formation in which the end 
of the chain is so twisted as to be in spatial proximity to the asym- 
metric atom is only one of many arrangements assumed by the 
molecule. In this case, therefore, the spatial influence of the 
terminal group is very much weaker. Another factor which tends 
further to diminish the spatial influence in the alkyloxy-series is 
that the polarity of the terminal substituent becomes weaker as the 
chain lengthens. Indeed, in the longer chain compounds of this 
type under examination, the spatial effect of the terminal group is in 
ill probability scarcely influenced by the presence of the oxygen 
atom.* 

The above interpretation of the variations in the rotatory powers 
of the alkyloxyacetic esters is based on the assumption that these 
are caused by the end of the chain returning to the neighbourhood 
if the asymmetric atom or the adjacent oxygen atoms. But the 
possibility cannot be excluded that some of the observed changes are 
xcondary effects due to the chain returning on the oxygen atom of 
the alkyloxyl group. The maximum at = 9,10, for example, in 
s0 far as the length of the chain is considered, might equally well be 
due to either of these causes. The probabilities, however, point to 
the original assumption being correct. If the effect were a secondary 
me it would be expected to be small, since such an influence must 
necessarily be weakened by subsequent transmission through the 
chain from the O-atom to the asymmetric centre. On the contrary, 
the maximum shown in the diagram, although much less than the 
“orresponding changes in the dicarboxylic esters, is scarcely smaller 
than would have been anticipated considering that we are com- 
yaring the influence of a comparatively inactive alkyl group with 
that of the highly active oxygen of the carboxyl group. 

Further evidence on this point may be drawn from the dissociation 
tonstants of acids of the type of crotonic acid. As is well known, 
the commoner substituents with the exception of alkyl and amino- 
soups lead to an increase in acidic strength when introduced into 
a organic acid. Superimposed on this general effect, however, a 
‘condary effect may sometimes be observed. This appears to be 
‘milar to that present in the above optically active compounds, in 
rhich the carboxyl group produces a change in the opposite sense 

*The menthyl esters of n-aliphatic acids unfortunately give a rotation- 
uve in which the changes produced by the growing chain are small and 

ar. A series of esters of w-methoxy-aliphatic acids would have offered 
te ideal contrast with the above menthyl hydrogen dicarboxylates, but as 


teir preparation presented too many difficulties the alkyloxyacetic esters 
re eclncted in the expectation of obtaining a series with well-defined 
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to that given by CH, OH, or Cl, and is illustrated by the following § wher 
dissociation constants taken from Landolt-—Bérnstein’s ‘ Tabellen.” § javir 
In these geometrical isomerides, and also in the phenyloximinoacetie § shan 
acids, the spatial proximity of a CH, OH, or Cl to the carboxyl group Th 
lowers the acidic strength. In maleic and fumaric acids, and similar § series 
compounds, the juxtaposition of a second carboxyl group raises the § of +l 
acid strength. mem] 
H-C-CH,  CH;(C-H CH,C-Cl Cl-C-CH, ation 
H-C:CO,H  =-H-C-CO,H H-C-CO,H H-C-CO,H of th 
Crotonic isoCrotonic — B-Chlorotsocrotonic B-Chlorocrotonie assur 
acid, acid, acid, acid, to on 
0-22 x 10-4. 0-36 x 10-4. 0-95 x 10-4. 1-44 x 10-4, hydre 
CeHsC-CO,H C,H;*C-CO,H H-C-CO,H H-C-CO,H sec.-B- 
N-OH HO-N HO,C-C-H H:-C:CO,H to an 
Phenyloximinoacetic acids, Fumaric and maleic acids, experi 
i X 10™, 166 x 10%. 10 x 10-*. 150 x 10-4, chang 
On the whole, the available evidence supports the view expressed § yisible 
above that the opposite character of the two sets of diagrams in § esters, 
Fig. 1 is due to the dissimilar spatial influences exerted on the § wrbo: 
asymmetric atoms by the terminal groups of the growing chains. Moreo 
The irregular nature of these influences suggests one reason for § for the 
the failure which has attended so many attempts to establish § are ex: 
constitutional regularities in the domain of optical activity, and also the va 
_ explains some of the minor discrepancies observed in cases where § line ex 
such regularities have been successfully traced. In the sequence of § was th 
groups representing the general polar effect of substituents on the & the use 
rotatory powers of the menthyl esters, XCH,°CO°O-C,)Hj, viz, @ powers 
CN>Cl>Br>OH>OMe>Me>CO,H>H, the carboxyl was found § both tl 
to take an unexpectedly low place (Rule and Smith, J., 1925, 127, that th 
2188). This is now readily understood on reference to the diagram, § strong] 
in which menthyl hydrogen malonate, n = 6, is seen to occupy 2§ spondir 
minimum with the methoxyacetate, n = 6, on a corresponding (n — 8) 
maximum. of the f 
Alternation in the Menthyl Hydrogen Dicarboxylates.—The menthyl ff the ion 
hydrogen dicarboxylates exhibit marked alternation in rotatory § produce 
powers, both in the homogeneous state and when dissolved inf Hence 
benzene or chloroform. In alcoholic solution, in which the maxim § dicarbo. 
at m = 8 and 12 are much less marked, the alternation become’§ contrast 
exceptionally prominent. This behaviour is in strong contrast} genera] 
with that of the dimenthy] esters, which show no alternation (Hall. (III) be 
J., 1923, 123, 109). Similarly, no alternation has been observed to the | 
for the corresponding dioctyl esters in the homogeneous state or ™§ alcohol 
alcoholic solution, although it becomes feebly evident in carboo§ compow 
disulphide solution (Hall, ibid., p. 32). In each of the above cas§ The , 
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where alternation is present, the compounds derived from acids 
having an odd number of carbon atoms possess a higher rotation 
than those derived from even acids. 

The rhythmic deviations in the rotation curve of a homologous 
series have been explained as space effects due to the spiral twisting 
of the growing chain. A regular alternation from member to 
member, on the other hand, may be caused by the zig-zag conform- 
ation of the chain leading to an alternate cis- and trans-structure 
of the molecule. Odd members of the above ester series, on this 
assumption, would have the terminal carboxyls in the cis-position 
to one another. As has already been seen in the cases of menthyl 
hydrogen glutarate and azelate, and of the analogous menthyl and 
sec.-2-octyl hydrogen phthalates, this spatial proximity would lead 
toan enhanced rotatory power and thus be in agreement with the 
experimental facts. Although it seems quite possible that structural 
changes of this kind may serve to explain the minor alternations 
visible under special conditions in the above-mentioned diocty] 
esters, the magnitude of the alternation in the menthyl hydrogen 
carboxylates is greater than would be anticipated on this score. 
Moreover, these considerations do not appear to offer any reason 
for the complete disappearance of alternation when the ester-acids 
are examined in the form of their sodium salts. In aqueous solution, 
the values for the salts fall steadily, giving practically a straight 
line except for a minimum at the suberate (n= 11). At first it 
was thought that this unexpected result might be connected with 
the use of water as solvent, and as many as possible of the rotatory 
powers were therefore repeated with alcohol as solvent, in which 
both the ester-acids and their salts are soluble. It was then found 
that the salts gave a smooth curve following the mean trend of the 
strongly alternating values of the free acids (see Fig. 1) with corre- 
sponding, although not very marked, maxima at the glutarate 
(n= 8) and azelate (n = 12). In menthyl phthalate the presence 
of the free -CO,H group raises the rotatory power, whereas that of 
the ionised -CO-O’ group lowers the activity. These groups also 
produce opposite types of orientation effects in benzene substitution. 
Hence it was expected that the salts of the menthyl hydrogen 
dicarboxylates would yield a curve with minima at n = 8 and 12, in 
contrast with the maxima given by the parent acids. Although the 
general form of the curve in the non-dissociating solvent benzene 
(III) becomes progressively flatter as it passes through chloroform 
to the homogeneous state (II) and the strongly ionising solvent 
alcohol (IV), the maxima still remain evident, even when the 
compounds are examined in the form of their salts (V). 

The disappearance of alternation in the ionised compounds, 
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coupled with the persistence of the maxima, is not readily explained 
by the simple cis- and trans-variation in structure outlined above. 
These facts suggest that the diagrams for the dicarboxylic esters 
represent the summation of two main disturbances, and that super. 
imposed on the influence of the returning chain is a second effect 
caused by molecular association through the medium of the carboxy] 
groups. It is known from the X-ray analysis of the solid higher 
fatty acids that they are associated into double crystal cells (Miiller 
and Shearer, J., 1923, 123, 3156), and in order to explain the altern. 
ation in the molecular heats of these compounds Garner and Randall 
(J., 1924, 125, 881) conclude that this association may take place in 


two ways, according as the acids contain an even (RC<O ro >CR) 


Va HO 
or an odd number ( R-C—OH o=¢R) of carbon atoms. Nowif 
O 


reference be made to the figures recorded by these authors it will 
be seen that the odd acids, which have the higher specific heats in 
the solid state, have also the higher values in the liquid condition, 
although the alternation from odd to even in the liquids is much 
less pronounced. If, therefore, the alternation in the solid state is 
due to the two different forms of association suggested, the same 
difference of structure must exist to a lesser extent in the liquid 
phase. In this case it is possible to explain not only the alternation 
in the optical activity of the menthyl esters but also the disappear- 
ance of alternation in solutions of the sodium salts, because in the 
ionised condition the electrically charged terminal groups would 
mutually repel one another, thus preventing association. 

A second form of association may be deduced from the success of 
Kendall and Booge (J. Amer. Chem. Soc., 1916, 38, 1712) in isolating 
a large number of bimolecular addition compounds resulting from 
the union of acids and esters, as a consequence of which the authors 
conclude that complex formation of this type is a general phenomenon 
in systems ester—-acid. The menthyl esters under discussion, being 
both acids and esters, may therefore exist partly in a bimolecular 
state due to the carboxyl of one molecule linking up with the ester 
group of a second. Association may also take the more complete 
form shown in the annexed formula, in which co-ordination is 
represented by the symbol adopted by Sidgwick. In the latter 
case, the zig-zag arrangement of the carbon chain would be expected 
to facilitate combination in the odd, as compared with the even 
series, since the odd members have a natural tendency to occur in 
the cis-structure. This would then lead to an alternation in 
properties. It might even be anticipated that the odd members, 
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existing in the cyclic bimolecular form to a greater degree than the 
even members, would on this account exhibit a higher rotation. 


cH, CKO HO og, 


As there is no evidence pointing to an association of this type with 
jnised carboxyl groups, the alternation would probably not be 
found in the sodium salts. 

Although the available data do not permit of an unequivocal 
decision as to the actual nature of the addition compounds formed, 
the assumption that the ester-acids are partly associated accounts 
for the observed influence of the growing chain. The alternating 
curves would then represent alternation due to the two types of 
association superimposed on the normal effect of the spiral chain. 


EXPERIMENTAL. 


|.Menthyl Esters of Alkyloxyacetic Acids —The menthol used in 
the following preparations had a rotation of [«]}) = — 49-°73° in 
alcohol (c = 9-87). 

l.Menthyl n-propoxyacetate. To a boiling solution of sodium 
(5 g.) in n-propyl alcohol (240 g.), chloroacetic acid (46 g.) was 
gradually added with continuous shaking. A vigorous reaction 
occurred and sodium chloride was deposited from the solution. 
After 2 hours’ further heating, the yellowish product was cooled, 
water added, and any excess of propyl alcohol extracted from. the 
solution with ether. The aqueous layer, evaporated to a convenient 
bulk, was treated with the theoretical quantity of 25° sulphuric 
acid; ether then extracted the propoxyacetic acid which, after 
being dried, was distilled in a vacuum (yield, 37 g.); b. p. 108°/10 mm. 
(Gautier, Ann. Chim., 1909, 16, 309, quotes 213—214°/724 mm.) 
(Found: M, by titration, 117-5. Calc.: M, 118-1). 

21 G. of n-propoxyacetyl chloride (b. p. 87—88°/101 mm. ; 
obtained by use of thiony] chloride) were heated with menthol (24 g.), 
benzene (50 g.), and pyridine (2 mols.) for 4 hours on the water-bath, 
and the mixture was then worked up in the usual way, any unchanged 
menthol being distilled in steam. The |-menthyl propoxyacetate 
boiled at 161°/14 mm. and showed a constant rotatory power after 
one fractionation (Found: C, 70-2; H, 11-1. C,;H,.0, requires 
(, 70-3; H, 10-9%). 

In preparing the remaining esters of this series a modification 
of the above procedure was adopted, anhydrous sodium chloro- 
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acetate (Kastle and Keiser, Amer. Chem. J., 1893, 15, 472) being 
used in place of chloroacetic acid. This had the advantage of 
requiring only half the amount of metallic sodium, thus reducing 
the volume of the alcohol necessary for its solution as alkyloxide. 

n-Butoxyacetic acid was prepared from n-butyl alcohol (75 g,), 
sodium (8 g.), and sodium monochloroacetate (36 g.). Yield, 36 g. 
(84% theory), b. p. 115—116°/10 mm. (Found: C, 54:4; H, 9-2. 
CgH,.0, requires C, 54-5; H, 9-15%). 

1-Menthyl n-butoxyacetate. The above acid was converted into 
the acid chloride, and the fraction (29 g.) of this having b. p. 108— 
110°/108 mm. was brought into reaction with menthol in the manner 
described under the propoxy-ester, giving 42-5 g. of pure menthy] 
butoxyacetate, b. p. 172-5°/14 mm. (Found: C, 70-9; H, 113. 
C,gH3 90, requires C, 71-1; H, 11-2%). 

n-Amyloxyacetic acid. n-Amyl alcohol was prepared from 
n-butyl alcohol, by converting the latter first into the bromide and 
thence by way of the cyanide into ethyl n-valerate. The latter 
was then reduced to n-amyl alcohol by means of anhydrous alcohol 
and sodium (Adams and Marvel, J. Amer. Chem. Soc., 1920, 42, 
310). Amyl alcohol, b. p. 138—139°, was obtained in 63% yield. 
This was converted into n-amyloxyacetic acid by interaction with 
sodium and sodium chloroacetate (see above), the temperature of 
the oil bath not being allowed to exceed 130°. Reaction was com- 
plete in 3 hours. The acid boiled at 134°/12 mm. Yield, 77% 
(calculated on amyl alcohol) (Found: C, 57-4; H, 9°8. C,H,,0, 
requires C, 57-5; H, 9-65%). 

n-Amyloxyacetyl chloride, b. p. 103°/64 mm., was esterified in the 
usual manner to give l-menthyl n-amyloxyacetate, b. p. 148°/14 mm., 
the rotation of which remained constant after a second fractionation 
(Found : C, 71-6; H, 11:4. C,,H3,0, requires C, 71:7; H, 11-4%). 

n-Hexyloxyacetic acid, b. p. 143—144°/10 mm., was prepared in 
a similar manner to the previous acids, from n-hexyl alcohol 
(Kahlbaum, b. p. 157°) (Found : C, 59-9; H, 10-1. C3H,,0, requires 
C, 60-0; H, 10-1%). 

n-Hexyloxyacetyl chloride, b. p. 106—108°/22 mm., was converted 
into l-menthyl n-hexyloxyacetate, b. p. 187°/10 mm., the rotation of 
which remained constant after the second fractionation (Found : ¢, 
72:3; H, 11-6. C,.H,,0, requires C, 72-4; H, 11:5%). 

n-Heptyloxyacetic acid (from Kahlbaum’s n-heptyl alcohol, b. p. 
175°) was a colourless liquid, b. p. 156°/10 mm., which solidified 
(m. p. 7-5—8-5°) in a freezing mixture (Found: C, 61:9; H, 10°. 
C,H,,0, requires C, 62-0; H, 10-4%). 

n-Heptyloxyacetyl chloride, b. p. 116°/16 mm., was converted into 
1-menthyl n-heptyloxyacetate inthe usual way. The ester was obtained 
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as a cOlourless, odourless liquid, b. p. 200°/11 mm. The rotatory 
power was unaltered after the second fractionation and was not 
affected by refluxing the ester in an air stream under diminished 
pressure for 30 minutes (Found: C, 73-0; H, 11-8. Cy gH3,0, 
requires C, 73-0; H, 11-6%). 

n-Octyloxyacetic acid was prepared from a fraction of n-octyl 
alcohol (Kahlbaum) boiling at 195-5—196°, which was optically 
inactive. The procedure was the same as that adopted in the case 
of the foregoing acids, but special care was taken to keep the temper- 
ature below 130° during the addition of the sodium chloroacetate 
to the sodium octyloxide dissolved in octyl alcohol. At higher 
temperatures, the yield of crude acid diminished and the pure 
product could only be obtained after wasteful fractionation. From 
octyl alcohol (75 g.), sodium (8 g.), and sodium chloroacetate 
39 g.) there was obtained a 68°% yield of n-octyloxyacetic acid (43 g.), 
).p. 166°/10 mm. The acid solidified on standing and then melted 
at 12-5—13-5° (Found: C, 63-7; H, 10-7. C, 9H, 0, requires C, 
638; H, 10-7%). 

n-Octyloxyacetyl chloride, b. p. 125—126°/12 mm., was converted 
into l-menthyl n-octyloxyacetate, b. p. 183°/2 mm. The rotatory 
power was constant after a third fractionation (Found: C, 73-5; 
H,11-9. C, 5H5,0, requires C, 73-6; H, 11-7%). 

|.Menthyl Hydrogen Esters of the Saturated Dicarboxylic Acids.— 
inmost cases the dicarboxylic acids, purified by repeated recrystallis- 
ation from a suitable solvent, were first converted into the dimenthyl 
eters by the method of Hilditch (J., 1909, 95, 1571; see also Hall, 
J., 1923, 123, 109). The di-ester was then submitted to half- 
hydrolysis at room temperature by treatment with the requisite 
amount of sodium dissolved in 95° alcohol. The crude acid ester 
vas dissolved in a slight excess of dilute sodium carbonate solution 
and extracted repeatedly (10 times) with an equal bulk of ether, to 
rmove menthol and di-ester. The aqueous layer was then acidified, 
the liberated ester-acid extracted with ether, and the extract washed 
(l0 times) with large volumes of water to remove any dicarboxylic 
aid or ethyl hydrogen carboxylate which might have been formed 
during the half-hydrolysis. The ethereal solution, after drying over 
wlcium chloride, gave the menthyl hydrogen ester, which was 
further dried in a vacuum desiccator at 55° over calcium chloride. 
After 16—20 hours’ drying, the rotation of the ester underwent 
uo further change. The whole of the above treatment was repeated 
util the rotation was unaffected by continued washings. 

|.Menthyl hydrogen glutarate was obtained from dimethyl glutarate 
having a rotatory power [«]|54g,; = — 84:15° in chloroform solution 
(= 5). 7 (loc. cit.) records [«]|;4g, = — 84:12°. The rotation 

YYa 
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of the homogeneous half-ester prepared by half-hydrolysis and 
washed as above was increased by 0-09° (J = 0-5) by a repetition 
of the process. Further washings led to no change in rotatory 
power. The colourless, odourless syrup gave C, 66-7; H, 98] 
(C,;H,,O, requires C, 66-6; H, 9-7%). 

1-Menthyl hydrogen adipate was prepared from dimethyl adipate 
(m. p. 62-5—63-5°; [«]:4¢, = — 81-63° in chloroform, c = 5. Hall, 
loc. cit., records [«]|;4., = — 81-75°). Two separate preparations of 
the half-ester gave crude products which exhibited the same constant 
rotatory power after four treatments as above. The colourless, 
odourless syrup gave C, 67-4; H, 10-0 (C,,H,,O, requires C, 67-6; 
H, 9:9%). 

1-Menthyl hydrogen pimelate. Pimelic acid, m. p. 101—103°, 
prepared by Perkin’s method (J., 1887, 54, 240; 1891, 59, 822) by 
way of ethyl pentanetetracarboxylate was used without further 
purification. It gave crude dimenthyl pimelate, which was distilled 
in a high vacuum (b. p. 230°/0-07 mm.) and recrystallised from 
alcohol. The di-ester had the rotatory power [«|5.g; = — 93:20° 
in chloroform (c = 5). Hall (loc. cit.) records [«]54¢, = — 92:10°. 
1-Menthyl hydrogen pimelate was obtained from the di-ester in the 
usual manner, as a slightly yellow syrup (Found : C, 68-2; H, 102. 
C,H 0, requires C, 68-4; H, 10-1%). 

1-Menthyl hydrogen suberate. Suberic acid, purified by repeated 
recrystallisation from ethyl acetate, was converted into dimenthy! 


suberate. The crude di-ester was distilled in a high vacuum (b. pj 
233°/0-07 mm.) and then recrystallised from alcohol. The purg™ 


ester melted at 36-5—37-5° and gave [«];44, = — 90-20° in chloro. 


form (c = 5). Hall (loc. cit.) records m. p. 36—37° and [«]s4¢; =" 


— 89-33°. 1-Menthyl hydrogen suberate, as obtained from the 
di-ester, was a faintly yellow syrup (Found: C, 69-0; H, 104. 
C,,H,.0, requires C, 69-2; H, 10-3%). 

|-Menthyl hydrogen azelate. Purified azelaic acid (m. p. 107—108’, 


corr.) was converted into the dimenthyl ester, which on repeated : 


fractionation under 2 mm. pressure (b. p. 265°) had a low rotatory 
power. It was purified by solution in warm methyl alcohol and 
precipitation at — 14°. a,,,, = — 76-42° (l= 1) for the homo-® 
geneous ester. Hall (loc. cit.) records «54,, = — 76°24°. 1- Menthyl i 
hydrogen azelate was obtained as a colourless syrup (Found: (, - 
69:7; H, 10-7. C,,H,,0, requires C, 69-9; H, 10°5%). 
1-Menthyl hydrogen sebacate, from sebacic acid (m. p. 1328- : 
133-4°, corr.) was fractionated under 0:25 mm. pressure (b. p. 273°) 
The ester was finally purified from methyl alcohol (see azelate) : 
546, = — 72°68° (l= 1). Hall (loc. cit.) records «544, = — 73-128. 
(Found: C, 70-4; H, 10-8. C,)H,,0, requires C, 70-5; H, 10°7%). 
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l-Menthyl hydrogen succinate (Arth, Ann. Chim. Phys., 1886, 7, 
483) and /-menthyl hydrogen malonate (Rule and Smith, J., 1925, 
127, 2188) were also prepared in order to obtain comparative rotations 
for the sodium salts in water and alcohol and for the esters in certain 
solvents. The succinate gave [«]) = — 70-2° in benzene (c = 5). 
Pickard and Kenyon (J., 1915, 107, 52) record [«], = — 70-5°. 


Observed Rotations and Densities of the Homogeneous Esters. 


The sign of all the following /-menthy] esters is negative. Density 
determinations were made in a pyknometer holding about 3 c.c. 


1-Menthyl n-propoxyacetate (l = 1). 
0-9448 at 24°; 0-9286 at 44-2°; 0-9151 at 61-05°; 0-8999 at 79-5°. 
44°42° at 18°; 44-04° at 37-5°; 43-36° at 65-1°; 42-64° at 93-1°. 
58°69° at 18°; 58-16° at 39-1°; 57-08° at 71-9°; 56-37° at 92-0°. 
61-31° at 18°; 60-63° at 39-1°; 59-49° at 71-9°; 58-73° at 92-0°. 
69-44° at 18°; 68-62° at 39-1°; 67°36° at 71-9°; 66-51° at 92-0°. 
115-49° at 18°; 114-26° at 39-1°; 111-95° at 71-9°; 110-49° at 92-0°. 
1-Menthyl n-butoxyacetate (l = 1). 
0:9397 at 20-6°; 0-9228 at 42-2°; 0:9094 at 59-4°; 0-8932 at 80-1°. 
42-34° at 20°5°; 41-82° at 40-6°; 41-07° at 66-2°; 40-29° at 91-5°. 
55°74° at 20-5°; 55-08° at 40-6°; 54°17° at 66-2°; 53-15° at 91-5°. 
58°14° at 20°5°; 57-51° at 40-6°; 56°54° at 66°-2°; 55-50° at 91-5°. 
65-°83° at 20:5°; 65°13° at 40-6°; 64-08° at 66:2°; 62-91° at 91-5°. 
109-43° at 20-5°; 108-28° at 40-6°; 106-51° at 66-2°; 104-58° at 91-5°. 
1-Menthyl n-amyloxyacetate (l = 1). 
0-9340 at 20-5°; 0-9174 at 42-5°; 0-9055 at 58-3°; 0-8864 at 83-5°. 
39-83° at 215°; 39°41° at 39°; 38°65° at 67°; 37:93° at 89-7°. 
52-52° at 21-5°; 51-93° at 39°; 51-0° at 67°; 50-11° at 89-7°. 
54-°80° at 21°5°; 54:25° at 39°; 53-18° at 67°; 52-32° at 89- 
61-99° at 21-5°; 61-44° at 39°; 60-26° at 67°; 59-28° at 89- 
103-12° at 21-5°; 102-0° at 39°; 100°3° at 67°; 98-61° at 89-7°. 
1-Menthyl n-hexyloxyacetate (l = 1). 
09270 at 24:3°; 0°:9125 at 43°9°; 0-8985 at 62-7°; 0-8865 at 79-3°. 
37°31° at 21°; 36:96° at 38-1°; 36-19° at 65°; 35-40° at 94°5°. 
49-29° at 21°; 48-77° at 38-1°; 47-88° at 65°; 46-78° at 94-5°. 
51-33° at 21°; 50-84° at 38°1°; 49-90° at 65°; 48-83° at 94-5°. 
58-25° at 21°; 57°62° at 38-1°; 56-57° at 65°; 55°32° at 94-5°. 
96°82° at 21°; 95°74° at 38-1°; 94-18° at 65°; 92-05° at 94-5°. 
1-Menthyl n-heptyloxyacetate (1 2). 
0-9221 at 24°5°; 0-9101 at 40-9°; 0-8962 at 59-9°; 0-8818 at 79-7°. 
35:29° at 22°; 35-05° at 39°5°; 34°47° at 64-3°; 33-88° at 87°1°. 
46°74° at 22°; 46-24° at 39-5°; 45-50° at 64°3°; 44-74° at 87-1°. 
48-66° at 22°; 48-20° at 39-5°; 47-52° at 64-3°; 46-73° at 87-1°. 
55°11° at 22°; 54-54° at 39°5°; 53°61° at 64-3°; 52-89° at 87-1°. 
91-76° at 22°; 90-86° at 39-5°; 89-41° at 64:3°; 87-95° at 87-1°. 
1-Menthyl n-octyloxyacetate (l = 1). 
0-9214 at 20°8°; 0:9072 at 40°1°; 0-8932 at 59-1°; 0-8779 at 79-9°. 
33°86° at 17°8°; 33-44° at 39°; 32°78° at 70-2°; 32-30° at 91-2°. 
44-64° at 17°8°; 44:07° at 39°; 43-23° at 70-2°; 42-57° at 91-2°. 
46-54° at 17-8°; 46-05° at 39°; 45-02° at 70-2°; 44-42° at 91-2°. 
52-69° at 17°8°; 52-08° at 39°; 51-03° at 70-2°; 50-28° at 91-2°. 
87:64° at 17-8°; 86°49° at 39°; 84-°82° at 702°; 83-65° at 91-2°. 
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Solvent. l. 
Ce) ae 200 
0 | ae 200 
Sod. 

sali fHs0... 200 
Sod. 
aad H,0. 200 
Homog. 50 
Homog. 50 
CHCIS  vscces 200 
PIGS e00e0s 200 
ee 200 
Sod.\ H,O... 200 
saltf EtOH 200 
Homog 50 
Homog 50 
oo Ae 200 
EtOH ....... 200 
Ogg Aidksset 200 
Sod.\H,0O... 200 
saltfEtOH 200 
Homog. 50 
Homog. 50 
Rg occees 200 
BtOE. vise. 200 
OF Ee 200 
Sod.\ H,0O... 200 
saltj EtOH 100 
Homog. 50 
Homog. 50 
3. 200 
DOORS veces 200 
3 5 eee 200 
Sod.\H,O... 200 
salt/ EtOH 200 
Solvent. 
BOMOs.. si0se: 
gig csvdersiens 
oo: er 
Sod.) H.0...... 
salt / EtOH 
Homog. ...... 
Se 
MORE. sescssens 
Sod.) H,O...... 
salt / EtOH... 


* Rotations with the sodium salts were made by dissolving @ weighed 
amount of ester in water or alcohol, and adding the calculated quantity 
alkali dissolved in the same solvent. 


OPTICAL ACTIVITY, ETC. 


1-Menthyl hydrogen malonate. 


PART VIII. 


G. ester/ 

t. 20 c.c. 6708 25893" a5780° 5461" 
20° 0°8127 — = -- 6-55° 
20-4 10146 549° 7-22° 7-52° 8-52 
20-2 10007 5:16 684 716 8-07 

|-Menthyl hydrogen succinate. 
15 0-9302 — —_ -— 7:04 
1-Menthyl hydrogen glutarate. 
21-0 (d1-0318) .23-49 31:02 32-34 36-63 
60-2 (d1-:0046) 22-81 30-05 31-35 35-52 
18-9 1:0278 500 658 685 17:73 
19-5 10098 482 633 664 7-48 
19-5 10246 486 6:38 665 7-52 
18-0 *1:0389 4:71 617 6:45 7-29 
15-0 *0-8697 oo _- = 6-38 
1-Menthyl hydrogen adipate. 
20:0 (d1-0252) 21:50 28-36 29-52 33°47 
60-0 (d0-9959) 20-75 27-38 28-58 32-40 
18-4 1:03883 464 6:17 644 7:27 
19-2 105389 465 615 639 7-25 
18-3 10793 4:70 622 647 7:33 
19-5 10125 427 561 5:88 6-64 
16-0 0-7544 mo _ _- 5-23 
1-Menthyl hydrogen pimelate. 
19-0 (21-0141) 20-45 26-89 28-00 31:73 
59-0 (d0-9858) 19-65 25-93 27-03 30-63 
18-5 0-98385 421 556 5-80 6-54 

19-0 1:0320 437 5:78 6:05 6-88 
18-0 10418 435 5-70 5-94 46-71 
19-0 10060 3:98 5:24 548 6-19 
15-0 0-7590 —_ _— — 2-51 

|-Menthyl hydrogen suberate. 
19-2 (21-0049) 18-83 24:86 25-98 29-45 
60-3. (20-9760) 18-18 24:04 25:03 28-38 
19-0 0-9828 3°95 5-21 5-46 6-18 

18-8 09668 3:85 5:07 531 6-01 
20-0 1:0306 3°97 527 550 6-22 
19-0 1:0672 3:89 514 5:35 6-03 
16-0 0-8707 _— — — 5-53 

1-Menthyl hydrogen azelate. 
G. ester/ 

i. t. 10 c.c. Ossoa° Os5461° 

50 20° (d 0-9952) 23-64° 28-63° 
100 20 0-5733 2-98 3°47 
100 20 0-5368 2-81 3°29 
100 20 0-4596 — 2-39 
100 20 0-4667 — 2°85 

1-Menthyl hydrogen sebacate. 

50 20 (d 0-9923) 23°13 27:37 
100 20 0-5275 2-51 3°03 
100 20 0:4457 2-12 2-61 
100 20 0-4309 2-27 
100 20 0:3894 —- 2-12 
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THE PREPARATION OF 4: 4’-DINITROBENZIL. 


Summary. 


1. The rotatory powers of a number of the homologous menthy 
alkyloxyacetic esters and menthyl hydrogen dicarboxylic esters 
have been investigated. It is found that the maxima in the rotation 
curves of the one series correspond to minima in the other. This 
indicates that the terminal alkyloxyl and carboxyl groups of the 
sowing chains produce opposite changes in rotatory power when 
they return to the neighbourhood of the asymmetric atom. Similar 
efects are noted in the influence of substituents on the acidity of 
geometrically isomeric acids. Hence it is concluded that the 
characteristic influence of o-substituents in the optically active 
benzoic esters (Rule, Hay, Numbers, and Paterson, this vol., p. 178) 
is propagated through space. 

2. The rotatory powers of the menthyl hydrogen dicarboxylates 
exhibit pronounced alternation, both in the homogeneous state and 
insolution. This alternation disappears in the sodium salts. It is 
suggested that the alternation is a superimposed secondary effect 
due to association of the ester-acids through the medium of the 
carboxyl groups. 


UNIVERSITY OF EDINBURGH. [Received, March 14th, 1928.] 


CLXXXI.—The Preparation of 4: 4'-Dinitrobenzil. 


By FrRepERIcK DANIEL CHaTTAWAy and Epwarp AutTy 
CouULSON. 


WHEN hydrobenzoin is nitrated with fuming nitric acid at a low 
temperature and the product oxidised by boiling with concentrated 
itrie acid, 4 : 4’-dinitrobenzil is produced in considerable quantity, 
the group *CH(OH):, as in benzoin, exerting a strong para-directing 
influence on the nitro-group entering the nucleus to which it is 
attached : 


CH(OH)—CH(OH) CH(OH)—CH(OH) CO—CO 


HN came I 
a) O iq) OQ “OO 
; dls d 1-4 
0, No, No, No, 


4:4’'-Dinitrobenzil forms derivatives similar to those obtained 
fom the other five isomeric heteronuclear dinitrobenzils. On 
oxidation by chromic acid it yields an approximately theoretical 
amount of p-nitrobenzoic acid, a reaction which establishes its 


eu const itution. 


It proves to be identical with the compound obtained by Bytz 
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(Annalen, 1909, 368, 262, footnote) by the nitration of 4 : 5-dipheny|. 
glyoxalone (I). Analysis showed the nitration product to have the 
composition of a dinitrobenzil and it was assumed to have the 
4 : 4’-configuration, though this was not established. 

As the preparation of hydrobenzoin is a troublesome operation, 
whereas 4 : 5-diphenylglyoxalone is very easily made by heating 
together benzoin and urea in acetic acid solution, the latter com. 
pound affords a convenient starting material for the production of 
4: 4’-dinitrobenzil (IV) in quantity, as from it approximately a 
quarter of its weight of pure 4: 4’-dinitrobenzil can be obtained, 
The nitration must be effected by a mixture of concentrated sul. 
phuric and fuming nitric acids; if fuming nitric acid alone is used, 
the products are only those obtained when benzil itself is nitrated. 

Biltz (Annalen, 1909, 368, 165) found that 4 : 5-diphenylgly. 
oxalone was very easily oxidised by cold dilute nitric acid to 
4 : 5-dihydroxy-4 : 5-diphenyldihydroglyoxalone (IT), which rapidly 
broke down into benzil and urea. It is probably in this glycol (II) 
only that substitution in the two para-positions occurs, the group 
*C(OH):-NH 
‘C(OH):-NH 
‘CH(OH)-CH(OH): group in hydrobenzoin, the 3 : 3’-dinitrobenzil 
(III) always formed at the same time, and to the exclusion of the 
4: 4’-isomeride if fuming nitric acid alone is used, being produced 
by the action of the nitric acid on the liberated benzil. 

The 2: 3’- and the 2: 2’-isomerides are almost certainly present 
in the residue left after the isolation of the 4 : 4’-dinitrobenzil, but 
as the complete separation of such a mixture is extraordinarily 
tedious, it has not been exhaustively worked up. The reactions 
may be represented by the following scheme : 


>CO exerting a directing influence similar to that of the 


NH-CPh og, NECPM OH COPh mq CO-C,H,-NO\m) 
GO} —+¢ * COPh “ais CO-C,H,"NO,(m) 
NH-CPh NH-CPh:OH 

(I.) (II.) (III.) 


=e 
HNO, | ‘s 
(a1°5) | +H,80, 


Y 
NH-C(OH)-C,H,-NO,(p) CO-CeHyNO,(p) 


CO | —_—- 
CO-C,H,-NO 
NH-C(OH)-C,H,-NO,(p) ore 


(IV.) 


EXPERIMENTAL. 


Interaction of Hydrobenzoin with Fuming Nitric Acid. —2‘5 G. o 
hydrobenzoin, m. p. 132° (Breuer and Zincke, Annalen, 1879, 198, 
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151, 153), were gradually added to 15 c.c. of nitric acid (d 1-5) at 
-10° to —5°. The temperature was then allowed to rise to 0° and 
after 2 hours the reaction mixture was diluted with 7 c.c. of water, 
boiled for } hour in order completely to oxidise the nitration product 
to the corresponding dinitrobenzil, and poured on ice. The semi- 
wlid mass which separated was removed, boiled with water, and 
drained as completely as possible. It then solidified and after one 
aystallisation from acetone a product, m. p. 197—212°, was obtained ; 
a second crystallisation raised the m. p. to 213° (constant) (yield, 
|g.). The acetone mother-liquors deposited a small amount of a 
friable semi-crystalline powder which was not further examined. 

Oxidation of 4:4'-Dinitrobenzil (IV).—4: 4'-Dinitrobenzil is 
jightly more soluble in all solvents than the 2: 2’-isomeride but 
ss soluble than the others. It is sparingly soluble in boiling 
alcohol, but fairly soluble in acetone and acetic acid and crystallises 
fom the latter in very large, yellow, irregularly grown, elongated 
plates, m. p. 213° (Found: N, 9-3. Calc. for C,,H,O,N, : N, 9°3%). 

6-5 G. of 4: 4’-dinitrobenzil were boiled for a short time with a 
slight excess of chromic acid anhydride in acetic acid and after 
concentration the solution was treated with a slight excess of dilute 
soda solution and filtered. On acidification, 0-63 g. of p-nitro- 
benzoic acid, m. p. 237°, was obtained (mixed m. p. with an authentic 
sample showing no depression). Yield, 87° of the theoretical. 

4:4'-Dinitrobenzilmonophenylhydrazone separated when equivalent 
amounts of the diketone and phenylhydrazine were boiled together 
for a few minutes in alcoholic solution. It crystallised from acetic 
acid, in which it is moderately easily soluble, in very fine, hair-like, 
deep orange crystals, m. p. 257° (Found: N, 14:5. C,)9H,,0;N, 
requires N, 14-4%). 

4:4'-Dinitrobenzilosazone is produced slowly and in poor yield 
when the diketone is boiled with phenylhydrazine in acetic acid 
solution, but by taking excess of phenylhydrazine and adding 
phosphoric oxide the formation of the osazone is greatly facilitated. 
It is sparingly soluble in all solvents and crystallises from acetic 
anhydride in tufts of small, red plates, m. p. 293° (decomp.) (Found : 
N,17-3. CygH,,0,N, requires N, 17-5%). 

2: 3-Di-p-nitrophenylquinoxaline is very soluble in boiling acetic 
acid and crystallises in colourless needles, m. p. 201° (Found: N, 
149. Cy 5H,,0,N, requires N, 15-1%). 

Preparation of 4 : 5-Diphenylglyoxalone.—Of the various methods 
for the preparation of this compound the best is that of Biltz 
(Annalen, 1909, 368, 173). 50 G. of benzoin were boiled under 
reflux with 26 g. of urea in 200 g. of acetic acid for 6 hours. The 
slyoxalone crystallised from the reaction mixture on cooling and was 
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filtered off, washed with cold acetic acid, ether, and, lastly, with 
boiling water, and crystallised from acetic acid. It formed colourless 
needles, m. p. 324° (yield, 40 g.). 

Interaction of 4 : 5-Diphenylglyoxalone with Fuming Nitric Acid. 
10 G. of 4: 5-diphenylglyoxalone were dissolved in 20 g. of nitric 
acid (d 1-5), cooled to 0°. The solution was kept over-night and 
then poured into water. The yellow semi-solid mass obtained was 
well washed with hot water and recrystallised from acetone, 4 g. of 
pure 3 : 3’-dinitrobenzil, m. p. 132°, being isolated. No formation 
of 4 : 4’-dinitrobenzil was observed. 

Interaction of 4 : 5-Diphenylglyoxalone with Sulphuric and Fuming 
Nitric Acids.—27 G. of 4: 5-diphenylglyoxalone were dissolved in 
315 g. of concentrated sulphuric acid cooled to —5° and 90 g. of 
nitric acid (d 1-5) were slowly added, the temperature being kept 
below 0° during the addition. The reaction mixture was kept at the 
ordinary temperature for 3 days; considerable effervescence took 
place and a flocculent, yellow mass separated from the solution. 
The whole was then poured on ice and the yellow, semi-solid mass 
was removed, boiled repeatedly with water, and drained as com- 
pletely as possible. After three crystallisations from acetic acid the 
product yielded 7 g. of pure 4 : 4’-dinitrobenzil, m. p. 213°, identical 
with a specimen made from hydrobenzoin. 

The acetic acid mother-liquors slowly deposited a yellow, moss-like 
mass of crystals, which were removed and crystallised four times 
from acetone, 10 g. of pure 3: 3’-dinitrobenzil, m. p. 132°, being 
obtained (identical with a specimen made from benzil; compare 
J., 1926, 1070). 


THE QUEEN’S COLLEGE, OXFORD. [Received, March 9th, 1928.] 


CLXXXII.—The Nitration of Aromatic Thiocyanates 
and Selenocyanates. 


By FREDERICK CHALLENGER and ARNOLD THORNTON PETERS. 


IN a previous communication by one of us and Collins (J., 1924, 125, 
1377) it was shown by the nitration of phenyl thiocyanate that the 
thiocyano-group possesses a strong para-directing influence, relatively 
very small amounts of o-nitrophenyl thiocyanate being formed. 
When the para-position is occupied by (a) chlorine or (6) bromine, 
the nitro-group enters in the ortho-position to ‘SCN. In case (a), 
the product was homogeneous, whereas in (6) traces of a second 
nitro-compound appeared to be present. With -iodophenyl 
thiocyanate and p-bromoiodobenzene replacement of iodine by the 
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nitro-group occurs. Mayes and Turner (this vol., p. 691) have 
observed a similar effect. 

On nitration of p-tolyl thiocyanate, however, two isomeric mono- 
nitro-compounds are formed, the principal product containing the 
nitro-group in the ortho-position to methyl. In this case, the course 
of the reaction appears to be determined chiefly by the methyl 
group. 

It was therefore of interest to ascertain the behaviour of o-tolyl 
thiocyanate (Thurnauer, Ber., 1890, 23, 771) on nitration, and it 
has now been shown that the principal product is 5-nitro-o-tolyl 
thiocyanate and a much smaller amount of the 4-nitro-derivative is 
produced. The influence of the thiocyano-group is therefore pre- 
dominant. Here, as in all other cases described in this commu- 
nication, the products of nitration were identified by direct com- 
parison with authentic thiocyanates or selenocyanates obtained by 
the diazo-reaction. 

In a later communication, it is hoped to discuss more fully the 
differing behaviour of the o- and p-tolyl thiocyanates, and Miss C. 
Higginbottom, B.Sc., is, in this connexion, studying the nitration 
of the o-halogenopheny! thiocyanates. 

When 4-bromo (or chloro)-3-nitroaniline is diazotised and 
trated with ferric thiocyanate or with potassium cuprous thio- 
cyanate, 4-bromo-3-nitrophenyl thiocyanate and 4-chloro-3-nitrephenyl 
thiocyanate are obtained. A large quantity of nitro-p-dithiocyanoben- 
zene is also produced in each case, a halogen atom being eliminated. 
This has been identified by direct comparison with the product 
obtained (1) by nitration of the p-dithiocyanate and (2) from 
diazotised 2-nitro-4-thiocyanoaniline. 

It was shown by Hantzsch and Hirsch (Ber., 1896, 29, 947; 1898, 
31, 1253) that the p-chloro- and p-bromo-benzenediazonium thio- 
cyanates readily isomerise, usually in presence of acid, giving the 
p-thiocyanobenzenediazonium chloride or bromide. Similarly, 
2:4-dibromobenzenediazonium chloride gives rise to a mixture of 
chlorobromo- and dichloro-benzenediazonium bromides (Hantzsch, 
Ber., 1897, 30, 2334). 

The replacement of chlorine or bromine by thiocyanogen with 
production of a nitrodithiocyanobenzene probably proceeds in 
an analogous manner. 


X SCN SCN 


Ox Fe(SON)s (Yo = mane NO, Fe(SON), O, 


N,Cl N,:SCN Son 


The formation of vert mint not yet been observed 
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during the preparation of p-chloro- and p-bromo-pheny] thio. 
cyanates, although from the work of Hantzsch and Hirsch some 
dithiocyanate might be expected. The abnormal course of the 
Sandmeyer reaction with diazotised 4-chloro (or bromo)-3-nitro. 
aniline and a thiocyanate is probably conditioned by the reactivity 
of the halogen atom in presence of the o-nitro-group, since with 
4-bromo-2-nitroaniline the reaction proceeds normally (Challenger 
and Collins, J., 1924, 125, 1379). 

No abnormality could be detected when 4-bromo-3-nitroaniline 
was diazotised and treated with cuprous chloride, the sole product 
of the reaction apart from a trace of a high-melting solid being 
4-chloro-1-bromo-2-nitrobenzene, m. p. 69—70° (Holleman, Ree, 
trav. chim., 1915, 34, 208, gives m. p. 70°). Nitro-p-dichlorobenzene 
could not be detected. 

2-Nitro-4-thiocyanoaniline was obtained by nitration of p-thio- 
cyanoacetanilide prepared by acetylation of the corresponding 
amine (Soderback, Annalen, 1919, 449, 271). Its structure was 
proved by diazotisation and elimination of the diazo-group giving 
m-nitrophenyl thiocyanate. Replacement of the amino-group by 
chlorine, bromine, or selenocyanogen gives 4-chloro-3-nitrophenyl 
thiocyanate, 4-bromo-3-nitrophenyl thiocyanate, and 3-nitro-4-seleno- 
cyanophenyl thiocyanate, which were required as reference compounds 
for orientation purposes. p-Dithiocyanobenzene and p-thiocyano- 
selenocyanobenzene have been prepared from diazotised p-thio- 
cyanoaniline. 

The orienting effect of the selenocyano-group has also been in- 
vestigated. Phenyl selenocyanate, which has not previously been 
described, gives on nitration principally the para-derivative, but 
some o-nitrophenyl] selenocyanate is also obtained. 

A comparison of the relative orienting effects of SeCN and the 
halogens and of SeCN and SCN has been attempted. This has, 
however, only been partly successful, since in many cases, even 
under the most varied conditions, the nitration of halogenated pheny! 
selenocyanates and of thiocyanoselenocyanobenzene leads to the 
production of aromatic seleninic acids, R‘SeO,H, some of which have 
recently been obtained by Porritt (J., 1927, 27), using a different 
method. The nitration of p-tolyl selenocyanate (Challenger, 
Peters, and Halévy, J., 1926, 1654) with nitric acid (d 1-5) at —10° 
proceeds normally, giving as principal product 2-nitro-p-tolyl 
thiocyanate, m. p.69°, the isomeric 3-nitro-derivative, m. p. 150°, being 
obtained in much smaller amount. This recalls the nitration of 
p-tolyl thiocyanate where the lower-melting 2-nitro-derivative 
predominates. When the nitration is conducted with sulphuric 
acid and nitric acid (d 1-41) at 3°, a mixture of di-2-nitro-p-tolyl 
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diselenide and 2-nitro-p-tolueneseleninic acid is obtained. These 
are mutually interconvertible by oxidation and reduction. The 
position of the nitro-group in the diselenide was proved by its 
formation when synthetic 2-nitro-p-tolyl selenocyanate was treated 
with aqueous potassium hydroxide. When di-p-tolyl diselenide is 
warmed with nitric acid (d 1-41), p-tolueneseleninic acid is produced. 
This was obtained by Porritt by the oxidation of p-tolylseleno- 
glycollic acid, CH,°C,H,*Se-CH,°CO,H, with hydrogen peroxide. 

When p-chloropheny] selenocyanate is nitrated with nitric (d 1-41), 
and sulphuric acids below 3°, a mixture of di-p-chlorophenyl di- 
selenide (Taboury, Bull. Soc. chim., 1906, 35, 673) and p-chloro- 
benzeneseleninic acid (Porritt, loc, cit.; Morgan and Elliot, P., 1914, 
248) is produced. With nitric acid (d 1-5) at —25° or —10°, a 
mixture of the seleninic acid and of 4-chloro-2-nitrophenyl selenocyanate 
is obtained, the acid predominating. No trace of a derivative con- 
taining a nitro-group in position 3 could be detected. The course 
of the nitration is therefore again analogous to that observed with 
the corresponding thiocyanate. On treatment of p-bromophenyl 
slenocyanate with nitric acid under the most varied conditions, 
oily p-bromobenzeneseleninic acid could be isolated (Porritt, loc. 
cit.). It was characterised by reduction to the diselenide. The 
crude seleninic acid gives no purple colour with alcoholic alkali, 
indicating the absence of even traces of 4-bromo-2-nitrophenyl 
selenocyanate. 

Treatment of p-thiocyanoselenocyanobenzene with nitric acid 
(d 1-41) and sulphuric acid at 3° or with nitric acid (d 1-5) at —5° 
gives rise almost exclusively to p-thiocyanobenezeneseleninic acid. 
Traces of a second product containing sulphur, selenium, and 
nitrogen were once observed, but could not again be isolated. 

Marsh (J., 1927, 3164) has shown that by the action of potassium 
thiocyanate and hydrogen peroxide on dimethylaniline in glacial 
acetic acid a product, m. p. 73°, is obtained which is identical with 
that obtained by Soderback (Annalen, 1919, 419, 275) from an 
ethereal solution of thiocyanogen and dimethylaniline, and con- 
sidered by him to be p-thiocyanodimethylaniline. Marsh suggests 
that this compound is probably not a true thiocyanate, but may 


have the constitution Me,N-C,H,<y>CH and be identical with the 


benzthiazole derivative obtained by Schmidt (Ber., 1906, 39, 2409). 
We find, however, that with alcoholic potassium hydrosulphide it 
behaves normally, giving potassium thiocyanate, and that it may be 
obtained by heating p-thiocyanoaniline with excess of methyl 
iodide and liberation of the base with sodium bicarbonate (m. p. and 
mixed m. p. with Marsh’s compound, 73°). The results of one 
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of us and Collins (loc. cit.), of Dienske (Rec. trav. chim., 1927, 46, 154), 
and those described in this communication leave no room for doubt 
as to the constitution of p-thiocyanoaniline, which may also be 
obtained from aniline by Marsh’s method. We have, however, 
prepared Schmidt’s dimethylaminobenzthiazole (m. p. 73—74°) and 
find that it depresses the m. p. (73°) of Marsh’s dimethylaniline 
derivative to 52°. There can therefore be no doubt that the com. 
pound obtained by Soderback and by Marsh is p-thiocyanodimethyl. 
aniline. 
EXPERIMENTAL. 

Nitration of o-Tolyl Thiocyanate.—The thiocyanate (15 g.) was 
slowly stirred into a mixture of nitric acid (d 1-41; 55 c.c.) and 
sulphuric acid (55 c.c.) at 3—8°, which after 3 hours was poured on 
ice, and the solid separated. Four crystallisations from alcohol 
gave white needles, m. p. 117-5—118-5°, not depressing the m. p. 
of 5-nitro-o-tolyl thiocyanate obtained from the corresponding nitro. 
o-toluidine by the Sandmeyer reaction. These formed the bulk of 
the nitration product (Found: 8, 16-2. C,H,O,N.S requires 
S, 165%). The mother-liquors deposited an oil which slowly 
solidified, and on recrystallisation white needles, m. p. 70—71°, 
were finally obtained. These did not depress the m. p. (70—70-5°) 
of 4-nitro-o-tolyl thiocyanate obtained by the Sandmeyer reaction. 

Synthesis of the Isomeric Nitro-o-tolyl Thiocyanates.—(a) 5-Nitro- 
o-tolyl thiocyanate. 5-Nitro-o-toluidine (6 g.) in 60 c.c. of dilute 
sulphuric acid (1:5) was diazotised at 6° with 2-75 g. of sodium 
nitrite in 5 c.c. of water and added to a cold mixture of cuprous 
thiocyanate (10-8 g.) and potassium thiocyanate (5 g.) in the 
minimum of water. After 12 hours, the mixture was warmed at 
100° ; the precipitate was extracted with alcohol and after treatment 
with charcoal yielded colourless needles, m. p. 117-5—119°. 

(b) 4-Nitro-o-tolyl thiocyanate was similarly prepared from the 
corresponding nitrotoluidine. It forms colourless needles, m. p. 
70—70-5°, from light petroleum (Found: §, 16-2. C,H,O,N,§8 
requires S, 16-5%). The presence of the thiocyano-radical was 
proved by the formation of a mercaptan and potassium thiocyanate 
when the compound was boiled with alcoholic potassium hydro- 
sulphide (Challenger and Collins, J., 1924, 125, 1379). 

In (a) and (b) the yields of nitro-thiocyanates are about 80%. 

Preparation and Nitration of Phenyl Selenocyanate.—Aniline 
(9-1 g.) in dilute sulphuric acid (1:4) was diazotised at 3° with 
sodium nitrite (9-5 g.). The solution, made neutral to Congo paper 
with sodium acetate, was added to cold aqueous potassium seleno- 
cyanate (22 g.). The odour of an aryl selenocyanate was at once 
produced and after 15 hours steam distillation gave a pale yellow 
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oil. After being dried with calcium chloride, this boiled at 134°/10 
mm. and at about 250° (decomp.) at the ordinary pressure (yield, 
about 50%) (Found: N, 8-0; Se, 43-0, 43-0. C,H;NSe requires 
N,7:7; Se, 43-4%). The selenocyanate (2 g.) was dissolved in nitric 
acid (d 1-5; 7 ¢.c.) at —5° and after 2 hours the mixture was poured 
on ice. The resulting solid (2:3 g.; m. p. 105°) was fractionated 
from alcohol, giving white, glistening plates of p-nitrophenyl] seleno- 
cyanate, m. p. 141°, which developed a red colour with alcoholic 
potassium hydroxide and did not depress the m. p. of an authentic 
specimen obtained from p-nitroaniline (Bauer, Ber., 1913, 46, 92). 
The final mother-liquors yielded a relatively very small amount of 
o-nitrophenyl selenocyanate, m. p. 142—143°, not depressing the 
m. p. of a synthetic specimen (m. p. 143°) prepared from o-nitro- 
aniline. It gave a strong purple colour with alcoholic potassium 
hydroxide (Bauer), which we find to be characteristic of seleno- 
cyanates containing an o-nitro-group. Bauer (loc. cit.) gives the 
mn. p.’s of the p- and o-derivatives as 135° and 142°, respectively. 

Pyman (J., 1919, 115, 166) reduced m-nitrophenyl selenocyanate 
tothe diamino-diselenide without giving details of the selenocyanate. 
As this compound is not mentioned elsewhere in the literature, we 
have prepared it from m-nitroaniline (see p. 1374). On crystallis- 
ation from light petroleum or from acetone-—light petroleum it 
forms almost colourless plates, m. p. 65° (Found: N, 12-25. Cale. 
for C,H,O,N,Se : N, 12-3%). 

Nitration of p-Tolyl Selenocyanate——The selenocyanate (9 g.) 
was treated with nitric acid (d 1-41; 30 c.c.) and sulphuric acid 
(32 c.c.) at 3°, and after remaining for 4 hours at room temperature 
the mixture was poured on ice (100 g.). The pale yellow solid 
(12-5 g.) obtained, on fractionation from acetone—light petroleum, 
gave (A) white crystals, m. p. 151°, and (B) yellow crystals, m. p. 
69°, which formed the bulk of the product. (A) was faintly acid 
and dissolved with effervescence in sodium bicarbonate solution, 
from which a silver salt could be precipitated. Analysis showed 
(A) to be 2-nitro-p-tolueneseleninic acid (Found: Se, 32-2, 31-8. 
C,H,0,NSe requires Se, 31-99%). Reduction with zinc and hydro- 
chloric acid gave a yellow solid, m. p. 69° (from light petroleum), 
not depressing the m. p. of (B) obtained as above, nor that of the 
synthetic di-2-nitro-p-tolyl diselenide (m. p. 69°) obtained by the 
action of potassium hydroxide on the corresponding synthetic 
selenocyanate prepared by the diazo-reaction (see p. 1374) 
(Found for the synthetic diselenide : Se, 36-7, 36-6. C,,H,,.0,N,Se, 
requires Se, 36-9°%). 

(B) was insoluble in sodium bicarbonate solution and unaffected 
by aqueous alkali and was obviously di-2-nitro-p-tolyl diselenide. 
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Gentle warming with nitric acid gave (A), m. p. and mixed m. p. 
151°. On treatment with equal volumes of nitric acid (d 1-41) and 
glacial acetic acid, the selenocyanate was unchanged, even after 
gentle warming. 

Nitration unaccompanied by oxidation was effected by slowly 
adding the selenocyanate (3 g.) to nitric acid (d 1-5; 10c.c.) at —10°, 
The solution was poured on ice (80 g.), and the precipitate (3-4 g.) 
crystallised from light petroleum, giving yellow needles (C), m. p, 
69—70°, not depressing the m. p. of 2-nitro-p-tolyl selenocyanate 
obtained by the diazo-reaction; but in admixture with (B) obtained 
in the previous experiment, (C) melted at 54—55° (Found : N, 11:8. 
C,H,O,N.Se requires N, 116%). The petroleum mother-liquors 
yielded relatively small amounts of a more soluble product (D) 
as yellow needles, m. p. 150°, not depressing the m. p. of 3-nitro-p- 
tolyl selenocyanate prepared in a yield of 70°, from 3-nitro-p-tolu- 
idine (see p. 1374) (Found: Se, 32-45. C,H,O,N,Se requires Se, 
32:7%). The similarity in m. p. exhibited by the entirely dissimilar 
pairs of compounds (A) and (D) and (B) and (C) is of interest. A 
mixture of nitric acid (d 1-41) and sulphuric acid at —10° to —15° 
gave similar results, a certain amount of a nitrotolueneseleninic 
acid being also formed. The syntheses of (C) and (D) by means 
of the diazo-reaction are recorded in the table on p. 1374 [Found: 
(for C) N, 11-9; Se, 32-5; for (D) N, 11-9. C,H,O,N,Se requires 
N, 11-6; Se, 32:7%]. 

Nitration of p-Chlorophenyl Selenocyanate-——The selenocyanate 
(11-5 g.) was treated with nitric acid (d 1-41; 42 c.c.) and sulphuric 
acid (42 c.c.) below 3°. After 2 hours, ice precipitated a yellow 
solid (14 g.), which was separated by alcohol into orange crystals 
(E; the main product), m. p. 89°, and a white solid (F), m. p. 180°. 
The m. p. of di-p-chloropheny] diselenide (m. p. 89°), prepared from 
p-chlorophenyl selenocyanate and aqueous potassium hydroxide 
(Taboury, Bull. Soc. chim., 1905, 35, 673; Challenger, Peters, and 
Halévy, J., 1926, 1655), was not depressed on admixture with (E); 
and (F) was shown to be p-chlorobenzeneseleninic acid (Morgan 
and Elliott, P., 1914, 30, 248), being soluble with effervescence in 
sodium bicarbonate solution and on reduction with zinc and 
hydrochloric acid giving the diselenide (E) (Found: Se, 35-4. 
Cale. for CgH;O,ClSe : Se, 35-4%). 

Similar results were obtained with sodium nitrate and sulphuric 
acid. Nitric acid (d 1-41) between —10° and 60° had no action on 
p-chlorophenyl selenocyanate. The action of equal volumes of 
acetic anhydride and nitric acid (d 1-5) at —10° gave the seleninic 
acid (F) and no trace of a nitro-compound. 

Successful nitration was effected by treating the selenocyanate 
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(8 g.) with nitric acid (d 1-5; 25 ¢.c.) at —10°. Addition of ice 
after 1 hour gave a white solid (10 g.) which, when crystallised from 
alcohol, gave p-chlorobenzeneseleninic acid, m. p. 180°, and a small 
amount of pale yellow crystals (G), m. p. 127°, not depressing the 
m. p. Of 2-nitro-p-chlorophenyl selenocyanate prepared by the diazo- 
reaction (p. 1374) (Found for this synthetic specimen: N, 10:8; 
Se, 29-9. C,H,O,N,ClSe requires N, 10-7; Se, 30-39%). The same 
result was obtained at —25°, 0°, 15° and 50°. At the last two 
temperatures, only traces of the nitro-selenocyanate were obtained, 
recognisable by the purple colour produced with alcoholic alkali. 

Nitric Acid and p-Bromophenyl Selenocyanate.—Nitric acid (d 1-5; 
20 c.c.) and the selenocyanate (7 g.) were allowed to react at —10°, 
and ice (50 g.) was added after 1 hour. The almost white solid 
(9g.) obtained gave no colour with alcoholic alkali, had m. p.177°, was 
wholly soluble in sodium bicarbonate solution, and after crystallis- 
ation from alcohol melted at 186° (decomp.). It was shown to 
be p-bromobenzeneseleninic acid (Found: Se, 29-0. Calc.: 
Se, 29-39%). Nothing further was isolated. Reduction of the 
vleninic acid with zinc and hydrochloric acid gave di-p-bromo- 
phenyl diselenide, m. p. 113°, not depressing the m. p. of the 
product obtained from p-bromopheny] selenocyanate and potass- 
ium hydroxide (Found: C, 31-0; H, 2:0; Se, 33-4. Cale. for 
C,H ,Br.Se,: C, 30-7; H, 1:7; Se, 33-6%). The diselenide gives 
the seleninic acid on treatment with warm nitric acid (d 1-41). 
Taboury (loc. cit.) gives the m. p. of di-p-bromopheny] diselenide as 
107°. It was, however, obtained from a very complex mixture and 
was probably slightly impure. 

Preparation and Nitration of p-Dithiocyanobenzene.—(a) Prepar- 
ative details are given on p. 1374. After treatment with charcoal 
and crystallisation from acetone-light petroleum, the dithiocyanate 
forms white needles, m. p. 106°, only slightly volatile with steam 
(Found: N, 14:8; S, 33-5. C,H,N,S, requires N, 14-7; 8, 33-3%). 
On treatment with 50% alcoholic potassium hydroxide, followed by 
acidification, the dimercaptan is obtained. This melts at about 
95° and in air or on treatment with alcoholic ammonia gives a white, 
odourless, insoluble solid, decomp. about 330°, which is probably 
polymerised p-phenylene disulphide (Leuchart, J. pr. Chem., 1890, 
41, 205). 

(b) The dithiocyanate (5 g.) was treated with nitric acid (d 1-41; 
7¢.¢c.) and sulphuric acid (7 ¢.c.) at 5°. Ice (20 g.), added after 2 
hours, gave a precipitate (6 g.; m. p. 141°) which on crystallisation 
irom alcohol formed yellow needles, m. p. 143—144° (Found: N, 
l7-7; $, 27-5. C,H,0,N,S, requires N, 17:7; 8, 27-:0%). The 
uitro-dithiocyanate did not depress the m. p. (143—144°) of the 
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product obtained from 4-chloro(or bromo)-3-nitroaniline or from 
2-nitro-4-thiocyanoaniline (see pp. J373, 1374) by the diazo. 
reaction. 

Preparation and Nitration of p-Thiocyanoselenocyanobenzene.— 
Preparative details are given on p. 1874. The crude reaction pro. 
duct was dried, extracted with chloroform, decolorised with charcoal, 
and crystallised from chloroform-light petroleum or from alcohol, 
giving white needles, m. p. 109—110°, which were somewhat 
volatile with steam and very soluble in acetone and chloroform 
(Found: N, 11-7; 8, 13-8; Se, 32-9. C,H,N,SSe requires N, 11-7; 
S, 13-4; Se, 33-05%). 

p-Thiocyanoselenocyanobenzene (2 g.) was dissolved in nitric 
acid (d 1-41; 6 .c.) and sulphuric acid (7 c.c.) at 3°. Treatment 
with ice after 1 hour gave white crystals (1-5 g.), m. p. 154° after 
recrystallisation from acetone andalcohol. These contained sulphur, 
selenium, and nitrogen, were completely soluble in cold sodium 
bicarbonate solution or in hot water, gave no colour with alcoholic 
alkali, and contained either an SCN or an SeCN group as shown by 
the production of potassium thiocyanate on their reacting with 
alcoholic potassium hydroxide (R‘SCN+KSH=RSK-+HSCN. 
R-SeCN-+ KSH=RSeK-+HSCN). The SeCN group had apparently 
been oxidised as before, giving p-thiocyanobenzeneseleninic acid 
(Found: N, 5-8; Se, 32-0. C,H,O,NSSe requires N, 5-7; Se, 
32:1%). The use of nitric acid (d 1-41) or of the 95% acid alone or 
mixed with acetic acid or acetic anhydride at temperatures from —20° 
to 60° gave either the unchanged substance or the seleninic acid. 

Nitro-derivatives of p-Thiocyanoaniline and of p-T'hiocyano- 
acetanilide.—p-Thiocyanoaniline (Kaufmann and Oehring, Ber., 
1926, 59, 189) was warmed with acetic anhydride, giving the acetyl 
derivative, m. p. 187° (Fichter and Beck, Ber., 1911, 44, 3636, give 
181°). This (7-2 g.) was nitrated in a mixture of nitric acid (d 1-41; 
17 g.) and sulphuric acid (25 g.) at 3°. Addition of ice after 2 hours 
gave a solid (9 g.), which crystallised from alcohol. in yellow needles 
of 2-nitro-4-thiocyanoacetanilide, m. p. 138—139° (Found : N, 18-0; 
S, 13-7. C,H,O,N,8 requires N, 17-7; 8, 13-5%). The mother- 
liquors yielded a small quantity of orange crystals, m. p. 113°, not 
depressing the m. p. of 2-nitro-4-thiocyanoaniline obtained by gently 
warming the nitro-acetanilide with hydrochloric acid for 10 
minutes on the steam-bath. Dilution with ice gave a product, 
m. p. 113°, which was crystallised from aqueous alcohol (Found: 
N, 21-6; S, 16:3. C,H,;0O,N,8S requires N, 21:5; 8, 16-4%)- 
The prolonged action of hydrochloric acid on this substance gives 
red needles, m. p. 169°, which are possibly di-3-nitro-4-amino- 
phenyl disulphide, but they have been only superficially examined 
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(Found: N, 16-15. Cale. for C,,H,,0,N,8,; N, 165%). They 
we also obtained from 2-nitro-4-thiocyanoaniline and alcoholic 
ikali; the substance separates from acetone as yellow needles, 
rhich lose acetone at 100°, giving the red compound, m. p. 169°. 

The position of the nitro-group in 2-nitro-4-thiocyanoaniline was 
ietermined by diazotisation in alcoholic solution, which gave rise to 
n-nitrophenyl thiocyanate, m. p. and mixed m. p. 56°. The diazo- 
soup was also replaced by chlorine, bromine, thiocyanogen and 
glenocyanogen, giving (a) 4-chloro-3-nitrophenyl thiocyanate, 
nu. p. 63°, not depressing the m. p. of the product obtained from 
{chloro-3-nitroaniline by the Sandmeyer reaction, (b) 4-bromo- 
}-nitrophenyl thiocyanate, m. p. 83°, pale yellow needles from light 
petroleum (Found: N, 11-0. C,H,0,N,BrS requires N, 10-8%), 
() nitro-p-dithiocyanobenzene, m. p. 143—144° (see pp. 1365, 1371, 
and below), and (d) 2-nitro-4-thiocyanophenyl selenocyanate, m. p. 
147°, yellow needles from alcohol, giving a purple colour with 
alcoholic alkali (Found : N, 14-9; Se, 27-3. C,H,0,N,SSe requires 
X,14-8 ; Se, 27-8%). In these preparations the nitrothiocyanoaniline 
was not isolated, the solution of its acetyl derivative in warm hydro- 
thloric acid being diazotised (see table on p. 1374). 

In the case of reactions summarised in this table further experi- 
mental details are omitted, the procedure closely resembling that 
employed in the preparation of such compounds as nitro-o-tolyl 
thiocyanate and phenyl selenocyanate (p. 1368); the yields are 
isually not less than 60—70%. 

Abnormal Behaviour of 4-Chloro (and bromo)-3-nitrobenzenedi- 
onium Salts with Thiocyanates.—4-Bromo-3-nitroaniline (22 g.) 
in dilute sulphuric acid (1 : 3) was diazotised at 3° with sodium nitrite 
9g.), and the solution slowly added in the cold to potassium thio- 
anate (14-5 g.; 1-5 mols.) and cuprous thiocyanate (20 g.) in 
water. After 12 hours, the solid obtained was repeatedly extracted 
with alcohol. This finally yielded 9 g. of pale yellow needles (K), 
ul. p. 143—144°, which were free from halogen, contained the thio- 
tyano-group, and did not depress the m. p. of the product similarly 
obtained from 4-chloro-3-nitroaniline, or that of nitro-p-dithio- 
tyanobenzene (p. 1371) obtained by nitration of p-dithiocyano- 
benzene or from 2-nitro-4-thiocyanoaniline (Found: N, 17-9; 
827-5. Cale. for C,H,0,N,S, : N, 17-7; 8, 27-0%). 

The alcoholic mother-liquors deposited a solid which, on repeated 
aystallisation from light petroleum, formed yellow needles (L; 10g.), 
u. p. 83°, containing halogen and the thiocyano-group, and not 
lepressing the m. p. of 4-bromo-3-nitropheny] thiocyanate obtained 
tom 2-nitro-4-thiocyanoaniline (above and p. 1374) (Found : N, 11-0. 
ale. for C,H,0,N,BrS : N, 10-8%). 
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Analogous treatment of 4-chloro-3-nitroaniline (17 g.) gave (K), 
)g.,m. p. 143—144°, and pale yellow needles (M; 10 g.), m. p. 63°, 
ontaining halogen and the thiocyano-group, not depressing the 
n. p. of 4-chloro-3-nitrophenyl thiocyanate obtained from 2-nitro-4- 
thiocyanoaniline (Found: N, 13-3. Cale. for C;H,O,N,CIS: N, 
131%). When ferric thiocyanate was employed instead of the 
copper salt (Korezynski, Bull. Soc. chim., 1922, 31, 1179), the same 
products were obtained (K, 12-5 g.; M, 8 g.). 

Nitro-derivatives of p-Selenocyanoaniline and p-Selenocyano- 
aetanilide.—p-Selenocyanoaniline (J., 1926, 1654) was dissolved in 
yarm acetic anhydride, giving the acetyl derivative as white crystals, 
n. p. 206° (Found: N, 11-9. C,H,ON,Se requires N, 11-7%). 
This did not depress the m. p. of the product obtained from diazo- 
ised p-aminoacetanilide and potassium selenocyanate (see p. 1374), 
the reaction mixture being left for 1 day. 

The selenocyanoacetanilide (4 g.) was added to nitric acid (d 1-5; 
l0¢.c.) at —20°, and the solution poured on ice after 1 hour. Frac- 
tinal crystallisation of the yellow product gave almost equal amounts 
of yellow needles (H), m. p. 157°, and an almost white solid (J), 
m.p. 215°. (H) was found to be 2-nitro-4-selenocyanoacetanilide 
(Found: N, 15-2. C,H,O,N,Se requires N, 15-0%). (J) was 
amost completely soluble in sodium bicarbonate solution and 
appeared to be a slightly impure seleninic acid. It has not been 
further examined. 

On warming with hydrochloric acid, (H) gave a clear solution, 
fom which ice precipitated a solid, forming, on crystallisation from 
ajueous alcohol, orange needles, m. p. 118°, which were 2-nitro-4- 
wlenocyanoaniline (Found: N, 17:3. C,H;O,N,Se requires N, 
173%). 

The selenium determinations were carried out by heating the 
substance with fuming nitric acid for 60 hours at 300°, evaporating 
the mixture with hydrochloric acid, and precipitating the selenium 
vith sulphur dioxide. This method gives somewhat low results 
wing to volatilisation of selenium (Lyons and Shinn, J. Amer. 
them. Soc., 1902, 24, 1085; Bradt and Lyons, ibid., 1926, 48, 
2642), but the error is not serious. 


The authors wish to thank the Research Fund Committee of the 
Chemical Society for a grant in aid of this investigation, and Mr. J. 
falévy, M.Se., for carrying out the nitration of o-tolyl thiocyanate 
ind synthesising the products. 
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NOTES. 
: 5 : 6-Tetrahydro-4-carboline. By Jutius NicHoison Asuury 
and RoBERT ROBINSON. 


3:4:5:6-TETRAHYDRO-4-CARBOLINE (tetrahydronorharman) (|) 
has been obtained by Asahina, Irie, and Ohta (J. Pharm. Soc. Japan, 


1927, No. 545) by the reduction of a degradation product of evo. 
diamine. The substance can also be readily prepared by theff! 
reduction of 3-keto-3 : 4 : 5 : 6-tetrahydro-4-carboline (IT) by means! 


of sodium and n-butyl alcohol. 


“One Oe 
ae xt 


NH CH, NH 6 


Experimental. mie 3-Indolylpropionhydrazide, m. p. 140—I41°, 
and 3-keto-3: 4:5: 6-tetrahydro-4-carboline, m. p. 185—186°, 
were readily obtained in satisfactory yield by the methods o 
Manske and Robinson (J., 1927, 240), but the melting points formerl 


ascribed to these substances are about 10° too low, evidently as the 
result of an unsuspected gross error in the thermometer, since the 
original specimens have been re-examined and found to melt aj 
140—141° and 185—186°, respectively. 

Sodium (10 g.) was gradually added to a boiling solution d 
3-keto-3 : 4 : 5 : 6-tetrahydro-4-carboline (4 g.) in n-butyl alcoho 


of tit 
presen 
ako pi 
and su 


(100c.c.). After 2 hours’ refluxing, 90% alcohol (100 c.c.) and wate. 
(100 c.c.) were successively introduced and the mixture was distilled, 


in a current of steam. The pale brown residue in the flask crystal 
lised from alcohol (charcoal) in colourless, elongated prisms, m. p 
204° (Found: C, 76:6; H, 7:0; N, 16-5. Calc. for C,,H,)N, 
C, 76:7; H, 7:0; N, 163%). The salts of the base are readil 
soluble in water and the nitroso- and acetyl-derivatives are insoluble 
in dilute hydrochloric acid. The picrate crystallises from acetone 
alcohol in bright canary-yellow, prismatic needles, m. p. 249—25!' 
(decomp.). Asahina, Irie, and Ohta (loc. cit.) state that theif 
base, C,,H,,N,, has m. p. 204—205° (picrate, m. p. 250—251*). 
On oxidation of the base with chromic acid in hot dilute sulphurit 
acid, norharman was obtained in poor yield; after purification 


this had m. p. 198°, not depressed on admixture with an authentig§ ‘ati 
specimen.—THE Untversrry, MANCHESTER. [Received, April llihg- 


1928.] 
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The Occurrence of Titanium Tetrachloride in Commercial Disilicon 
Hexachloride. By FreprEric Stantey Kipprne and REGINALD 
AUBREY THOMPSON. 


Ix the course of some experiments with disilicon hexachloride, 
shich was kindly supplied by Messrs. Albright and Wilson, it was 
observed that the addition of 0:3—0-5 c.c. of the hexachloride to 
Qwified ether (100 c.c.) caused the development of a yellow colour; 
Bis occurred not only with the crude material, but also—although 
ina less marked manner—with samples which had been fractionated 
twice through a 12-inch rod and disc column, boiled at 145—147°, 
und contained Cl 78-7% (Si,Cl, requires 78-9%). When, on the 
ither hand, about 1 c.c. of ether was added to the fractionated 
hexachloride (100 c.c.) there was an immediate precipitation of a 
mall proportion of a yellow, crystalline substance. This product 
nelted at 42—45° and was doubtless identical with the compound 
Ticl,,(C,H;),0 which Bedson obtained by the direct combination 
of titanium tetrachloride and ether (J., 1876, 29, 311). The 
presence of titanium tetrachloride in the disilicon hexachloride was 
§ lo proved by the hydrogen peroxide reaction, and with thymol 
aid sulphuric acid; by reduction and titration with iron alum its 
quantity in the twice fractionated sample was found to be 1-6%. 
‘fl for the complete separation of the titanium tetrachloride (b. p. 135°) 
‘fiom the disilicon hexachloride (b. p. 147°) repeated fractionation 
@ trough a rod and disc column is necessary; after five or six oper- 
ations the hexachloride gives no colour reaction with hydrogen 
Meroxide solution. 

The compound TiCl,,(C,H;),0 (b. p. 118—120°) cannot be easily 
wparated from the disilicon hexachloride by distillation; when it 
s decomposed by alkali and the aqueous solution is then distilled, 
the distillate gives a distinct iodoform reaction.—UNIvERsITy 
(onnecE, NorrincHam. [Received, March 24th, 1928.] 


Hiission of the Pyridine Nucleus by Oxidation‘ with Alkaline Potassium 
Permanganate. By Brian Duncan SHAw and ARTHUR LESLIE 
WILEIE. 


Tx fact that the pyridine nucleus can be ruptured by the action 
of either acid or alkaline permanganate was observed by one of 
is(B. D. S.) in 1921. The results with the former reagent agreed 
i@ ‘itirely with the observations of Delépine (Compt. rend., 1927, 184, 
6). A more extended investigation of the action of alkaline 
permanganate was commenced, but as one of us has been obliged 
to abandon the work, the initial results are now given. 


NOTES. 


Pure pyridine (5 g.) was boiled with water (250 c.c.), and finely 
powdered potassium permanganate added in quantities of 5 g. at alk 
time until a permanent pink colour resulted (50 g. during 12 hours), 
The odour of pyridine had then vanished. A deposit of ammonium J) 


carbonate appeared in the condenser during the first hour. The fly, 


manganese dioxide was removed, and the filtrate evaporated tof 
dryness. The white, deliquescent residue was a mixture of the 
potassium salts of carbonic, oxalic, nitric and nitrous acids. The 
quantity of potassium permanganate used was only about two. 
thirds of that calculated from the equation 2C;H,;N + 110, = 
10CO, + 2NH, + 2H,0. 

The fact that the nucleus itself is attacked by alkaline per. 
manganate accounts for the low yields of pyridinecarboxylic acids, 
obtained by the oxidation of side chains with this reagent, when J: 
the solution is overheated.—UnIvEeRsITy CoLLEGE, Norrincuay., 
(Received, March 31st, 1928.] 


The Decomposition of Carbon Monoxide in the Corona due to 
Alternating Electric Fields. By Erwin Orv. 


Two communications bearing the title of this note (Lunt and 
Venkataswaran, J., 1925, 127, 2052; 1927, 857) make it necessary 
to point out that experiments treating the same subject have been 
published by me (Ber., 1925, 58, 772). My results, however, are 
not in harmony with those of the two authors, who give for the 
decomposition of the carbon monoxide the equation 7CO = C;0, + 
2CO,, and for the brown solid the formula C;0,,7H,O. By quan- 
titative investigations of a different kind, and by definite evidence 
of the production of unimolecular C,0, in the gases leaving the 
Siemens ozoniser, I showed that the equation of the decomposition 
is 4CO = C,0, + CO,, and that the brown solid is the product of 
polymerisation of gaseous C,0,.—THE UNIVERSITY, MUNSTER 
(WESTFALIA), GERMANY. [Received, April 2nd, 1928.] 


Separation of Phthalic and Homophthalic Acids. By Harry 
GORDON POOLE. 


For the recovery of homophthalic acid from residues containing 
much phthalic acid, crystallisation is an unsatisfactory method. 
Practically complete separation is achieved, however, by means of 
the great difference in solubility of copper phthalate (Hermann, 
Annalen, 1869, 151, 78), which is soluble in about 30 parts of water 
at 30°, and copper homophthalate, the solubility of which in water is 
less than 0-02% (1 part in 5000) at 25° and less than 0-01 % at 100°. 
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:Bthe homophthalate is precipitated from mixed solutions of copper 
silphate and sodium homophthalate in greenish-blue, microscopic 


;), Bcystals which, owing to their insolubility in ordinary neutral organic 


glvents, are difficult to obtain in a perfectly pure condition (Found : 
Alu, 25-3. CyH,O,Cu requires Cu, 26-2%). They readily become 
lectrified when rubbed with a glass rod. 

In order to separate homophthalic acid from phthalic acid, the 
sixture is neutralised with sodium hydroxide and diluted consider- 
ily, and a solution of copper sulphate is added in the cold. (If a 
glution of copper phthalate containing copper sulphate is boiled, 
sgreenish-blue, flocculent precipitate, apparently of a basic salt, 
sformed.) After 12 hours the flocculent precipitate is filtered off, 
nshed, and treated with concentrated hydrochloric acid and 
aficient water to dissolve the mass on boiling. The homophthalic 
wid separates on cooling, in good crystals having the correct melting 
pint, 181°. From an artificial mixture of phthalic acid (66-6%) 
and homophthalic acid (33:3%), 90% of the homophthalic hr was 
neovered in this way.—UNIVERSITY OF MELBOURNE. [Received, 
April 11th, 1928.] 
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Arrhenius Memorial Lecture. 
DELIVERED ON May 101TH, 1928. 


By Sm James Watxer, F.R.S. be 
A LITTLE over forty years ago the conjunction of the ideas of 
osmotic pressure and of electrolytic dissociation ushered in a ne 
era in the development of the physical chemistry of solutions 
era of unexampled fertility. Van *t Hoff and Arrhenius, h 
originators of these new ideas, have now both passed away. Itis 
sixteen years since I was charged by the Society to deliver the 
van *t Hoff memorial lecture. To-day it is my task to discharge 
a similar duty in honour of Arrhenius. My relations to these men 
were altogether different; Arrhenius was a close friend, van ’t Hoff 
a remote immortal. The sketch of the life and work of Arrhening 
which I present is therefore not that of a completely de 
historian, but is shaped by personal reminiscence and tinged with 
personal affection.* Pes by 

I well remember when I first encountered his name. It was im 
the autumn of 1887 in the small departmental library of Baeyer’s 
laboratory in Munich. On a shelf there lay the loose numbers of 
the first volume of the Zeitschrift fiir physikalische Chemie, newly 
founded by Ostwald. Turning over the pages of this interesting 
new journal, I saw what seemed to me the very odd name of Svante 
Arrhenius as author of a paper on the influence of neutral sal 
on the velocity of saponification of ethyl acetate. I did not fing 
this paper of more than moderate interest, but later in the yeat 
there was published another by the same author on the dissociatio 
of substances dissolved in water. This was plainly a novel and 
striking conception, and although I was not altogether convinoed 
by the arguments it contained, I marked it for closer study até 
later time. 

In the spring of the following year I left Munich for Leipzig ant 
was caught in the wave of Ostwald’s enthusiasm for the new doctrine 
of osmotic pressure and electrolytic dissociation. In Ostwald’ 
laboratory I used to work in a small room with Wilhelm Meyer 
hoffer, who afterwards collaborated with van ’t Hoff in his phase 
rule investigations. One day Meyerhoffer burst into the room 
and pointing excitedly along the corridor, said: ‘* Arrhenius i§ 


* I take this opportunity of thanking the many friends both Swedish and 
English to whom I am indebted for information regarding Arrhenius. 4 
bibliography of his work up to 1908 is to be found in Z. physikal. Chem 
vol. 69, and up to 1918 in Medd. K. Vetenskapsakad. Nobel-institut, vol. 5. 


SVANTE AUGUST ARRHENIUS. 
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there.” I peered out and saw a stoutish fair young man talking 
t) Ostwald near the entrance hall. It was Arrhenius. We were 
nade acquainted by Ostwald, but at that time I saw little more of 
jim. Next year he came to work in Leipzig, and I had the oppor- 
unity of meeting him daily. He was one of the simplest and 
east assuming of men. He gave himself no airs and treated us 
young fellows as if we were his scientific equals, although at that 
time he was being recognised in Germany as a leading spirit in 
physical chemistry. In his own country he was still unregarded. 

Svante Arrhenius came of Swedish farmer folk, a remote ancestor 
ing one Lasse Olofsson, who in 1620 moved to the village of 
jrena, from which the family derived its surname in the Latinised 
rm of Arenius, the spelling being changed in the early part of the 
tineteenth century to Arrhenius by the uncle of Svante, Professor 
Johan Arrhenius, a botanist and secretary of the Academy of Agri- 
ulture. Johan and his younger brother, Svante Gustav Arrhenius 
(I813—1888), the father of our Svante, went as students to the 
University of Upsala, and the latter subsequently established him- 
viiin that town as a land surveyor. He was appointed collector 
tothe University, but the emoluments of the post were so meagre 
that he was forced to undertake in addition the management of 
the estate of Wijk, on Lake Malar, which belonged to Count von 
fsen. He married in 1855 Caroline Thunberg, and at Wijk there 
vas born on 19 February, 1859, a son whom they called Svante 
4ugust Arrhenius. Owing to improved prospects the family 
noved to Upsala in the beginning of 1860. Young Svante was 
educated at the Cathedral School of Upsala, and was fortunate 
in the fact that the Rector of the school was a good teacher of 
thysics. He left at the age of seventeen with a good record in 
nathematics and physics to enter the University of Upsala, where 
ie soon passed the candidate’s examination, admitting to study for 
the doctorate. It seems to have been his original intention to 
ke chemistry as his main subject under Cleve, well known for 
lis investigations on the rare earths and on complex ammoniacal 
compounds. Cleve, however, was apparently an uninspiring 
teacher and neglected the theoretical side of chemistry. Arrhenius 
reords that he never heard any mention from the rostrum of the 
periodic law, although it was already ten years old, nor when he 
ame to write his thesis had he any knowledge of the existence of 
the law of Guldberg and Waage, which was even older. In 1881 
te definitely turned to physics, although the conditions for its 
tudy in Upsala were far from ideal. Thalén was at that time 
fofessor of Physics there. His reverence for his master and 
wedecessor Angstrém was so great that, beyond the apparatus 

ZZ 
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for elementary students, there was little else in the departmen; 
but instruments for exact measurements of wave-lengths, a subject 
for which Arrhenius had no liking. Thalén did not encourage 
independent work in his laboratory, and Arrhenius was forced to 
look about for some other opportunity to begin physical research, 
He, with a fellow student, repaired in September 1881 to Stock. 
holm with the intention of working in the laboratory of Erik Edlund, 
Professor of Physics to the Swedish Academy. Edlund gave them 
a hearty welcome, and they began by assisting him in his work on 
electromotive forces in the spark discharge. In the spring of the 
following year Arrhenius started his first independent research on 
the decay of galvanic polarisation with time, an account of which 
was published in the Bihang of the Swedish Academy in 188}. 
From this he passed to the measurement of the conducting power 
of electrolytic solutions. 

It is of interest to enquire into the reasons which induced Arrhenius 
to take up this line of work. The pursuit of science, like othe 
human activities, is not exempt from the prevalence of fashions. 
At the period under consideration the study of the properties of 
solutions was in the air. Van *t Hoff was busy tracing the analogy 
between dilute solutions and gases, Raoult was developing empirical 
methods for the determination of the molecular weights of dis. 
solved substances, Kohlrausch had just perfected his telephone 
method for determining electrolytic conductivities, Ostwald wa 
working at reaction velocities and the affinities of acids and base 
in aqueous solution. Arrhenius yielded to the same influence, but 
curiously enough what led him to the investigation of electrolytic 
solutions was not directly concerned with the conducting sub- 
stances themselves. He tells us that Cleve in his lectures had 
emphasised the impossibility of ascertaining the molecular weights 
of substances, such as sugar, which could not be volatilised without 
decomposition. Arrhenius rightly recognised that this was a great 
drawback, by the removal of which a considerable advance it 
chemistry would be rendered possible. He was unaware of Raoult’ 
work, and thought that some light might be thrown on the mole. 
cular weight of dissolved substances by measurements of electrolytic 
conductivity. He knew that when some of the water of a con- 
ducting solution was replaced by more complex non-conducting 
substances, such as alcohol, the conductivity was lowered, and he 
thought it might be feasible to deduce the molecular weight of this 
added substance from its effect on the conductivity. He had not 
proceeded far with his measurements, however, when he recognised 
that the state of the conducting salt was the matter of primary 
importance. 
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The theory of electrolysis and electrolytic solutions was also 
decidedly in the air at the same period. The chains of Grotthus, 
the hypothesis of Clausius on continual momentary separation of 
ions, Hittorf’s work on migration, Helmholtz’s conception of the 
atomic nature of electricity, the work of Kohlrausch on conductivity, 
were all leading up to some definite comprehensive theory which 
in the end was furnished by Arrhenius. 

Arrhenius completed his experimental work in the spring of 1883 
and wrote the theoretical part at his home in the summer of the 
same year. The memoir containing the results of his conductivity 
experiments and the conclusions he deduced from them was sub- 
mitted to the Swedish Academy of Sciences in June 1883, and 
published in the following year (Bihang, vol. 8, Nos. 13 and 14). 
It is in French and is entitled “ Investigations on the galvanic 
conductivity of electrolytes. Part I. Determination of the con- 
ductivity of extremely dilute solutions by means of the depolariser. 
Part If. Chemical theory of electrolytes.’ Arrhenius undertook 
the experimental investigation of dilute solutions himself, for 
although Kohlrausch had made similar measurements and had 
quoted some numerical data, the final publication of his results 
was delayed till 1885. The depolariser which Arrhenius used was 
an apparatus devised by Edlund in 1875, and corresponds roughly 
toa hand-driven rotating commutator. It is of interest to note 
that the conductivity cell which bears Arrhenius’s name is described 
in this paper. 

Arrhenius measured the resistance of a considerable number of 
salts, acids and bases at various dilutions, sometimes as high as 
v= 10,000. Unfortunately the actual dilutions are not given, so 
that it is difficult to correlate the data of Arrhenius with those of 
other authors. He tabulated his results so as to show in what 
ratio the resistance of an electrolyte is increased when the dilution 
is doubled. This ratio, as Kohlrausch had found earlier, is nearly 
equal to 2 for most salts, i.e., specific conductivity is nearly pro- 
portional to concentration. Departure from this ideal value he 
took as a basis for classification of the dissolved electrolytes, and 
showed that chemically similar substances fell into the same category 
when classified according to dilution-ratios. A discussion of the 
data led Arrhenius to the conclusion that “if on dilution of a 
solution the conductivity does not change proportionally to the 
amount of electrolyte, then a chemical change has occurred on , 
addition of the solvent.’’ He exemplifies this by the consideration 
of potassium cyanide with the abnormally high dilution ratio of 
214, which he attributes to the partial splitting of the salt into 


acid and base on dilution with water. The abnormal values 
ZZ * 
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obtained for soluble hydroxides and dilute solutions of acids he 
attributes to the presence of small quantities of ammonium carbonate 
in the solvent water. 

The importance of this paper, however, does not lie in the experi- 
mental measurements or in the detailed deductions, but in the 
general ideas which Arrhenius developed in the second part. 
Instigated and encouraged by Otto Pettersson, then Professor of 
Chemistry in Stockholm, Arrhenius greatly expanded this theoretical 
section, which contains the germ of the later theory of electrolytic 
dissociation. He bases his theoretical treatment on the hypothesis 
of Williamson and Clausius. How this hypothesis presented itself 
to a clear and critical contemporary mind, unacquainted with the 
work of Arrhenius, may best be gathered from the admirable report 
on electrolysis presented by Oliver Lodge to the British Association 
in 1885. 

Lodge writes: “‘ No polarisation exists inside a homogeneous 
electrolyte; there is no chemical cling of the atoms there, but only a 
frictional rub. Such a fact as this, if well established, renders 
necessary some form of dissociation hypothesis. The form of dis- 
sociation hypothesis suggested by Clausius and Williamson is well 
known. It supposes that the vast majority of molecules in an 
electrolyte are quite insusceptible to the influence of electrodes, 
but that a few of them (the number being increased by complexity 
of composition and rise of temperature) are, by collision or other- 
wise, dissociated and exist in the free atomic state, each atom with 
its appropriate charge. These alone feel the influence of the 
electrodes. . . . Individual atoms, although permitted to combine 
as soon as they like, on this theory, are commonly thought of as 
existing in the dissociated state for a finite time. If there are 
chemical or other objections to such a view, it need not be held; 
all that the facts of electrolysis require is the most momentary 
dissolution of partnership—temporary but quite perfect freedom. 
. . . Provided a sufficient supply of such temporary severances 
occurs throughout the liquid, no individual atom need remain 
uncombined for a thousandth of a second, so far as the phenomena 
of electrolysis are concerned.” 

Arrhenius derives from the hypothesis the notion of closed 
circular currents in the electrolytic solution in its normal state 
(i.e., when not undergoing electrolysis) which are due to the separ- 
ation of the ions and their recombination with other than their 
original partners. This notion he uses in dealing with the equi- 
librium between electrolytes in aqueous solutions. But by far the 
most important original idea, on which he bases his further treat- 
ment, is that of the distinction of the dissolved molecules into 
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ative and inactive. He arrives at it in the following way. A 
olution of ammonia exhibits a feeble molecular conductivity which 
increases with dilution. This Arrhenius attributes to the pro- 
gessive conversion of the non-electrolytic NH, into the electrolytic 
YH,OH as dilution is increased. He proceeds: “It has been 
shown that pure anhydrous hydrochloric acid is a non-conductor, 
that is, a non-electrolyte. If water is added to it, it is converted 
into an electrolyte, naturally in a progressive manner. It is 
impossible to deny the complete analogy of this phenomenon with 
that occurring on the dilution of ammonia or acetic acid, although 
it takes place much more rapidly.’”’ He sums up in the following 
statement: “The aqueous solution of any hydrate [i.e., acid or 
base] is composed, in addition to the water, of two parts, one 
active (electrolytic), the other inactive (non-electrolytic). These 
three substances (viz., water, active hydrate, and inactive hydrate) 
are in chemical equilibrium, so that on dilution the active part 
inreases and the inactive part diminishes.” 

Arrhenius gives nowhere in this memoir a precise account of the 
nmture of the active and inactive portions. He indicates and 
illustrates what they might be, but that is all; he does not define. 
The most important special feature of the paragraph is the state- 
nent that the active part increases on dilution. He continues : 
“In what respect these two parts differ remains to be elucidated. 
Probably the active part (as with ammonia) is a compound of the 
inactive part and the solvent. Or possibly inactivity may be 
caused by the formation of molecular complexes. Or again the 
difference between the active and inactive parts may be purely 
physical. The same statement applies to bases, and we may also 
speak of the inactivity of dissolved salts, in which case the notions 
of inactivity and complexity completely coincide.” 

With regard to solutions of normal salts he makes the following 
statements : (1) ‘‘ Aqueous solutions of all electrolytes contain the 
dissolved electrolyte at least in part in the form of molecular com- 
plexes. (2) If the attenuation of the solution of a normal salt is 
continued, the complexity approaches asymptotically an inferior 
limit. (3) The limit to which the complexity of a normal salt at 
extreme dilution tends to approach is of the same degree for all 
normal salts. Probably this limit will not be attained before all 
the salts are split up into simple molecules, represented by the 
chemical molecular formula.” 

“To fix our ideas, I have introduced the notion of coefficient of 
activity defined as follows :—The coefficient of activity of an 
electrolyte is the number expressing the ratio of the number of 
ions actually contained in the electrolyte to the number of ions it 
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would contain if the electrolyte were completely transformed into 
simple electrolytic molecules.” 

“ Before going on we shall describe more precisely the notion of 
coefficient of activity by the aid of the hypothesis of Williamson 
and Clausius. According to § 2 this coefficient is defined by the 
number of ions present in a solution. But to each pair of ions 
there corresponds an electrolytic molecule which can take part in 
the production of a circular current; that is to say, its ions are 
endowed with the movement assumed by the hypothesis. If now 
an electrolyte is constituted in such a manner that only a certain 
fraction 1/n can at the same time take part in such a movement, 
it is evident that its coefficient of activity is 1/n. It is not neces. 
sary, however, that a chemical difference should exist between 
the active and inactive parts. For greater clearness we choose 
an ammoniacal solution as example. In this solution there are 
two different parts, one active NH,OH, the other inactive NH,. 
If the latter is transformed into the former, the sum of the mole. 
cules of the two species is not augmented. Thus if m and n are 
the numbers of molecules of NH,OH and NHs, the first factor of 
the coefficient of activity will be cae Now several of the 
NH,OH molecules may be associated with each other, so that 
the number of physical molecules of NH,OH is p, of (NH,OH), ¢, 
of (NH,OH), 7, etc., where evidently p + 2q + 3r+...=™m. 
Again of the molecules NH,OH only a fraction 1/2 presents a 
simultaneous movement of ions. The corresponding numbers for 
(NH,OH), and (NH,OH), are 1/u and 1/v. In this case the 
coefficient of activity of the ammonia will be equal to 

m (Pp. 4 r = — 1-2 qr i 

a alatitmt * = aa ee es Pisa 

It is interesting to compare with this coefficient of activity the 
“ dissociation ratio ’’ of Lodge, which is defined in the report from 
which I have already quoted. Lodge writes: ‘‘ mn? is the number 
of grammes of the electrolysed or dissociated substance in a unit 
cube, and this we may write Ny where N stands for the number of 
monad gramme-equivalents of the really electrolysed substance 
per c.c. and u is its molecular weight compared with hydrogen.” 
Considering the case of two electrolytes dissolved in the same 
solution, he proceeds: “‘ there will be N, and N, to represent the 
amount of dissociated substance present, reckoned in grammie- 
equivalents per cubic centimetre of solution. We come to the 
conclusion that we do not know the absolute velocity of any ion, 
and cannot know it without further information regarding the 
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dissociation ratio (that is N,/N’ or N,/N’) of each substance present, 
vhere N’ is the total number of monad gramme-equivalents of the 
lissolved substance in a cubic centimetre of solution.”’ 

To Lodge the “ dissociation ratio” is in all probability small. 
Arrhenius, on the other hand, contemplates the variability of the 
“coefficient of activity ’’ with dilution and the likelihood of its 
being large in very dilute solutions. 

So far the considerations are purely theoretical; now comes an 
important step, their union with experimental data. Kohlrausch 
had shown that the molecular conductivity of an electrolyte was 
additively composed of two terms, one depending on the positive 
radical and the other on the negative radical. But in extremely 
dilute solutions of salts the value for negative radicals was nearly 
the same; therefore, according to Arrhenius, ‘‘ the molecular con- 
ductivity of the active part of an acid (in dilute solution) is con- 
stant and independent of the nature of the acid,” and as a corollary 
fom this “‘the better the (dilute) solution of an acid conducts 
dectricity, the greater is its active part.” For want of precise 
data for calculating the absolute value of the coefficient of activity, 
Arhenius takes it as proportional to the molecular conductivity. 
Thus he is enabled to compare the activities of acids amongst 
themselves, and of bases amongst themselves. He finds at once 
that the activities of acids as thus determined from their con- 
ductivities agree well with our general notions regarding their 
strengths, and is led to the statement that “for acids and bases 
galvanic activity is accompanied by chemical activity.” He pro- 
weds to discuss double decomposition in electrolytic solutions, on 
wmewhat hypothetical grounds, and arrives at a formula (con- 
taining coefficients of activity) which he applies practically to 
many important reactions. If in the general equation of double 
decomposition 

AB + CD = AD 4+ BC, 
l—-x n—-x pt+x q+u2z 
are the molecular proportions at equilibrium, and 
om 3 B y are the coefficients 


of activity of the various substances, then at equilibrium 
(1 — x)(n — x)a8 = (p + x)(q + *)By. 
ff the action considered is 


Acid + Base — Salt + Water 


the product of the coefficients of activity on the left is, when acid 
and base are strong, enormously greater than the product of those 
on the right, and salt-formation is, therefore, practically complete. 
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If acid or base is weak, the two products are comparable, and in 
consequence, entire neutralisation will not take place, notable 
quantities of acid and base remaining free. If the activity coefficient 
of one of the substances (say alcohol regarded as acid) is smaller 
than that of water, only traces of the salt are formed. Here we 
find a definite treatment of salt-hydrolysis based on the following 
principle : “‘ What is common to all these cases is the necessity of 
regarding water as an acid (or as a base) which competes with 
other acids (or bases) present in the equilibrium.” Arrhenius states 
further the proposition, which requires some restriction, that “ at 
a dilution not excessively great the quantity of salt decomposed 
is approximately proportional to the square root of the quantity 
of the solvent water.” 

The theory is then applied to the displacement of one acid 
by another, to the influence of acid salts, and to equilibrium in 
heterogeneous systems. The consequences of the variation of the 
coefficient of activity in homogeneous and in heterogeneous systems 
are considered, and sections are devoted to the behaviour of molten 
electrolytes and to thermochemistry. He deduces the following 
important principle: ‘‘ The heat of neutralisation evolved by the 
transformation of a base and an acid, both perfectly active, into 
water and a simple salt, is nothing but the heat of activation of 
water.” 

After a review of anterior theories Arrhenius summarises his 
work thus: ‘‘ We have first shown the probability that electrolytes 
can assume two different forms, one active, the other inactive, such 
that the active part is always, in the same external circumstances 
(temperature and dilution), a certain fraction of the total quantity 
of the electrolyte. The active part conducts electricity, and is 
thus in reality electrolytic; not so the inactive part. Moreover 
we have proved that the necessary consequence of the hypothesis 
of Clausius and Williamson is that there exist continuous circular 
currents, in which the active parts alone participate. The mole. 
cules participating in such currents are necessarily decomposed 
according to the scheme of double decomposition, new electrolytes 
being thereby formed. On this basis we have founded a chemical 
theory of electrolytes, which, being deduced from very probable 
sources, possesses also a high degree of probability. This theory 
leads to formule valid for chemical processes, formule very con- 
formable to those proposed by Guldberg and Waage, which have 
been verified in a great number of instances. . . . As a provisional 
approximation we have assumed the coefficient of activity to be 
equal to the molecular conductivity. The numbers calculated on 
this hypothesis and the reactions thus foreseen, agree very well 
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with experimental facts. . . . These propositions and these laws 
are taken from the most different parts of chemical science; but 
as the theory agrees so well with reality on these different points, 
it seems probable that it ought to do so also in intermediate regions. 
... The theory is completely free from any hypothesis of an 
affinity different from physical forces, and in this respect is prefer- 
able to all prior theories. . . . True, it may be objected that the 
theory is only valid for electrolytes, while previous theories have 
embraced all substances. Against this. we remark that chemical 
knowledge is mainly based on the reaction of electrolytes. ... 
Reactions in general seem to manifest a considerable analogy to 
those of electrolytes, so that one could perhaps in the future enlarge 
the theory until it becomes, with some modification, applicable to 
all substances.” 

Nowhere does Arrhenius mention the word dissociation, although, 
as we have seen, the word is currently used by Lodge. The idea is, 
of course, there, but there is no identification of the “ active part ”’ 
of the electrolyte with free ions acting as separate molecules. The 
theory of electrolytic dissociation is as it were in solution in this 
memoir; it has yet to be crystallised out. 

This comprehensive paper, which runs to 150 printed pages, 
was presented to the University of Upsala as a dissertation for the 
doctorate of the University. Its somewhat strange form is no 
doubt due to the use thus made of it. At the ends of sections and 
paragraphs there are numbered and italicised propositions, of widely 
different degrees of probability, and deduced by arguments of very 
different degrees of cogency. The paper then on a cursory inspec- 
tion might convey an unfavourable impression if only the italicised 
portions were attended to. These propositions were probably the 
theses which were to be defended by the candidate in public debate 
with an opponent appointed by the University. The disputation 
passed off successfully and it must have been a bitter disappoint- 
ment to Arrhenius when his dissertation was awarded a fourth 
class (non sine laude approbatur) and his defence a third (cum laude 
approbatur). After every allowance has been made for the novel 
and unusual character of the dissertation, it is difficult to see how 
the University of Upsala, the University of Bergman and Berzelius, 
should have condemned a brilliant thesis on the very subjects of 
affinity and electrochemistry associated with these names. For 
the award amounted to a condemnation; in view of it Arrhenius 
could not normally become a docent in the University of Upsala. 

Arrhenius sent copies of his paper to Clausius, Lothar Meyer, 
Ostwald and van ’t Hoff. ‘‘ These celebrated men,” he says, 
“with whom the Upsala professors were not to be compared, 
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treated me as a colleague and not as a stupid schoolboy.” Ostwald 
was eminently friendly. He himself in his work on chemical 
dynamics was being drawn to the conclusion that velocities of 
reactions in which acids participate are connected with the electric 
conductivities of the acids. He writes (J. pr. Chem., 1884, 30, 
93) “To test the idea I have during the past six months made 
preliminary experiments, which however have often been inter. 
rupted by other work. Meanwhile Svante Arrhenius, working in 
another range of ideas, undertook similar experiments and has 
published them in two memoirs, which also contain a very notable 
theory of chemical affinity developed from them. To the author 
of these memoirs, which belong to the most important ever pub- 
lished on the subject of affinity, there must be accorded not only 
priority of publication but priority of the idea.” 

Oliver Lodge was impressed by the paper and wrote for the 
Reports of the British Association in 1886 an abstract and critical 
analysis of it extending to 30 closely printed pages. ‘“‘ The paper 
seems to me a distinct step towards a mathematical theory of 
chemistry. The title affixed to it is ‘The Chemical Theory of 
Electrolytes,’ but it is a bigger thing than this: it really is an 
attempt at an electrolytic theory of chemistry.” 

In August, 1884, Ostwald visited Arrhenius in Upsala, and his 
visit had a marked effect on Arrhenius’s future. Ostwald under- 
took to get Arrhenius appointed as a docent in Riga, and the offer 
no doubt led to the favourable reception of an application by 
Arrhenius for a similar post in physical chemistry at Upsala. The 
two men had, while together, projected a scheme of research on 
physical chemistry to be undertaken in Ostwald’s laboratory in 
Riga, but the illness and subsequent death of Arrhenius’s father 
kept him in Upsala. Through Edlund’s influence he received 
in December, 1885, a valuable travelling scholarship from the 
Academy of Sciences which enabled him to work in continental 
laboratories at discretion. The next five years were Wanderjahre. 
In 1886 he was with Ostwald in Riga, and Kohlrausch in Wiirz- 
burg, during 1887 with Boltzmann in Graz, during 1888 with 
van ’t Hoff in Amsterdam and again with Ostwald, now in Leipzig. 
In 1889 and 1890 he worked in the laboratories of Ostwald and 
Boltzmann. When in Sweden he lectured on physical chemistry 
in Upsala or worked in Edlund’s laboratory in Stockholm. It was 
during this journeyman’s period of his life that the theory of 
electrolytic dissociation was finally developed. 

His original papers left the nature of the difference between the 
active and the inactive portions of the electrolyte unsettled, and 
the absolute value of the dissociation vague. As I have said, the 
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theory was still in solution. The nucleus which determined its 
crystallisation came through van ’t Hoff’s theoretical work on 
osmotic pressure and his interpretation of Raoult’s experimental 
results. 

Van ’t Hoff, in a memoir presented to the Swedish Academy on 
14 October, 1885, showed that it was possible to write for solutions 
an equation PV = R’T’, analogous to the gas equation, where P, 
however, is the osmotic pressure instead of the gaseous pressure. 
The constant R’ was in many cases equal to the gas-constant, but 
inmany others differed from it. Van ’t Hoff then wrote the general 
equation for dissolved substances in the form PV = iRT, where R 
is the gas-constant and 7 a coefficient sometimes equal to unity, 
but sometimes assuming values much greater, in particular for 
aqueous salt-solutions when the results are calculated from Raoult’s 
experiments. For example, 7 is 1-98 for hydrochloric acid, 1-82 
for sodium nitrate, and 1-78 for potassium chlorate. Van ’t Hoff 
contented himself with these empirical values and made no attempt 
atan explanation. His paper was published in 1886, but Arrhenius 
did not receive a copy until March, 1887. On the 30th of that 
month he wrote to van ’t Hoff from Wiirzburg: ‘ Your paper has 
cleared up for me to a remarkable degree the constitution of solu- 
tins. If, for example, sodium chloride were normal in its behaviour, 
ie, if it consisted of simple molecules, its coefficient ¢ would be 
equal to unity. But since 7 is much greater than unity, the natural 
explanation is to say that NaCl is partially dissociated, just as we 
ay that at high temperatures I, is dissociated. Now this assump- 
tion might be deemed very rash, were it not that on other grounds 
we are led to look upon electrolytes as partially dissociated, for we 
assume that they decompose into their ions. But as these ions 
are charged with very great quantities of electricity of opposite 
sign, conditions are such that we cannot in all cases treat a solu- 
tion of NaCl as if it simply consisted of Na and Cl. The pressure 
on the walls cannot, however, be appreciably affected, so that in 
this case the solution acts as if Na and Cl were free. And when we 
consider which substances (according to Raoult’s experiments) are 
abnormal, it is not the inorganic (e.g., not HgCl,, CO,, H,S, ete.), 
but the electrolytic substances (7.e., substances which are conductors 
of the same order as salts) even when they are organic, e.g., oxalic 
aid. Trichloroacetic acid and sulphonic acids must show this 
till more clearly when they come to be investigated. Since accord- 
ing to the above assumption electrolytes decompose into their ions, 
the coefficient i must lie between unity and the number of the ions. 
This in reality holds good: for example, the coefficient nearly 
teaches 2 for NaCl, KCl, KNO,, NaOH, etc., which have two ions; 
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for Ba(OH),, CaCl,, K,SO,, etc., which have three ions, it almost 
approaches 3, and so on. . . . From the above assumption we cap 
even calculate the value of i from the conductivity, and this | 
shall probably soon carry out; till now time has failed me. What 
I called in my paper ‘ Sur la conductibilité ’ active molecules, are 
thus the same as dissociated molecules. One of the propositions 
which I then put forward would now be written :—In all probability 
all electrolytes are completely dissociated at the most extreme 
dilution.’”” Here we have the first appearance of the theory of 
electrolytic dissociation. If we cannot fix its birthday, at least we 
can its birth-month. It is clear, definite, and concise, and al] 
Arrhenius’s previous theoretical treatment can easily be translated 
into terms of it. Van ’t Hoff accorded the new idea a favourable 
reception. He replied on April 7: “‘ Your statement that the number 
of ions roughly keeps pace with the values of 7, and that the con. 
ductivity also increases with 7, agrees with most of the cases known 
to me.” . . . He remarks that he had always thought of the dis. 
sociation into ions as being confined to an extremely small portion 
of the salt, but confesses that he sees no grave difficulty in assuming 
a greater dissociation. Arrhenius in a letter dated 13 April is 
pleased to learn that this is van ’t Hoff’s view, and states that 
Emil Fischer, with whom he had discussed the matter in Wiirz- 
burg, although he was friendly to the idea, was of opinion that 
most chemists would be opposed to such far-reaching dissociation. 
Arrhenius continues: “ It is true that Clausius had only assumed 
that a minute quantity of a dissolved electrolyte is dissociated, 
and that all other physicists and chemists had followed him; but 
the only reason for this assumption, as far as I can understand, is 
a strong feeling of aversion to a dissociation at so low a temperature, 
without any actual facts against it being brought forward. In 
my paper on the conductivity of electrolytes I was led to the con- 
clusion that at the most extreme dilutions all salts would consist 
of simple conducting molecules. But the conducting molecules 
are, according to the hypothesis of Clausius and Williamson, dis- 
sociated; hence at extreme dilutions all salt molecules are com- 
pletely dissociated. The degree of dissociation can be simply found 
on this assumption by taking the ratio of the molecular conductivity 


of the solution in question to the molecular conductivity at the§ 


most extreme dilution.” These two short excerpts give the gist 
of the complete theory. 

Van ’t Hoff and Arrhenius now made their ideas available to 4 
wider public by publishing them in the first volume of the Zeitschrifi 
fiir physikalische Chemie in the latter half of 1887. Van ’t Hof 
accepts Arrhenius’s theory for electrolytes and adds finally 


little 
expel 
gradi 


WALKER: ARRHENIUS MEMORIAL LECTURE. 1393 


Avogadro’s Law to those of Boyle and Charles as being applicable 
to dilute solutions. Arrhenius gives the relationship between van ’t 
Hoff’s constant 7 and the degree of dissociation « in the form 


i=1+(k—1)a 


where & is the number of ions into which the molecule of the 
eectrolyte dissociates, e.g., 2 for KCl, 3 for K,SO,. He compares 
the values of 7 calculated from Raoult’s freezing-point data on 
the one hand, and from the molecular conductivity on the other, 
for some 80 different substances, and finds a very satisfactory 
accordance. In the second part of his paper he discusses the 
properties of electrolytes in aqueous solutions from the point 
of view of their additive character, which he attributes to the 
independence of their ions. 

The theories of osmotic pressure and of electrolytic dissociation 
were now fairly launched, and, propelled by the driving-power of 
Ostwald through the waters of scientific opinion, they soon attained 
a world-wide recognition, though often meeting very heavy weather. 
That their reception was so favourable is indeed somewhat sur- 
prising, for it must be remembered that in those days the marvels 
of X-rays, of radioactivity, of wireless transmission, had not pre- 
pared the way for that loosening and abandonment of fixed physical 
ideas to which we are to-day accustomed, if not altogether recon- 
ciled. Their general acceptance was largely due to their com- 
parative simplicity. They could be easily tested practically, and 
little mathematics was required in their development, so that 
experimental work, centred originally in Ostwald’s laboratory, but 
gradually spreading to others in Germany and abroad, was in the 
next decade assiduously carried out by a new generation of physical 
chemists. Their application by Nernst (1889) to electromotive 
force was an advance of the first order. Arrhenius himself played 
a principal part in the development. Amongst his important 
contributions to the subject published in Ostwald’s Zeitschrift may 
be mentioned the theory of isohydric solutions (1888), the heat 
of dissociation of electrolytes and the influence of temperature on 
the degree of dissociation (1889), the conditions of equilibrium 
between electrolytes (1890), the determination of electrolytic dis- 
| sociation of salts from solubility experiments (1893), the hydrolysis 
of salts of weak acids and weak bases (1894), the alteration of the 
strength of weak bases by the addition of salts (1899). 

At this point it may be well to refer to Arrhenius’s position with 
regard to the problem of the abnormality of strong electrolytes, 
which, unlike the weak electrolytes, do not conform to Ostwald’s 
dilution-law. Naturally this puzzling exception to the theory he 
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had put forward constantly claimed his attention. Although he 
did not succeed in accounting for it, he had arrived at a clear con. 
ception of the lines along which a solution might be sought, as 
may be seen from his book, “‘ Theories of Solution,” published in 
1912 from the Silliman Lectures delivered at Yale in 1911. He 
groups the theories which might be brought forward to explain the 
anomaly under four headings : 


1. Change of ionic friction with dilution. 

2. Electric attraction of the charges of the ions. 

3. Influence of foreign substances on the osmotic pressure (so. 
called salt-action). 

4. Hydration of the ions. 


The second of these, with its effect on the first and third, is now 
recognised as the chief cause of the abnormality. Arrhenius’s 
original theory is sometimes spoken of as entirely obsolete. But 
it is well to remember that if the younger men of to-day see a 
little further into the nature of electrolytic solutions than Arrhenius, 
they do so by standing on Arrhenius’s shoulders. 

During these years Arrhenius also worked on other physico- 
chemical subjects, for example, on viscosity of pure liquids and 
solutions, on conduction in hot gases and flames, on diffusion in 
aqueous solution, on the velocity of hydrolysis of ethyl acetate 
and on the inversion of cane-sugar in acid solutions. In a paper 
on the last subject (1889) Arrhenius makes another theoretical 
contribution of great significance. He is discussing the effect of 
temperature on reaction velocity which amounts at the ordinary 
temperature to an increase of 10 to 15 per cent. for one degree 
rise. This is much too great to be accounted for by increase of 
molecular velocity or diminution of viscosity. Besides, the nature 
of the increase is altogether different from that exhibited in the 
temperature coefficient of ordinary physical properties. For equal 
increments of temperature the increase is not approximately 
arithmetical, but geometrical. This circumstance indicates that 
the increase in reaction velocity with temperature is not due to 
change in physical properties of the reacting substances. A similar 
very rapid change in reaction velocity is observed when ammonium 
salts are added to ammonia which is saponifying ethyl acetate. 
Here the explanation is that the ammonium salts greatly reduce the 
concentration of the free hydroxide ions which really determine the 
reaction. May we not then surmise that in the inversion of cane- 
sugar the amount of the really active substances is increased by 
temperature? The amount of hydrogen-ion, one of the active 
substances, is little affected by temperature. We must therefore 
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ysume that the other really active substance is not cane-sugar, 
.§is this is not changed in amount by temperature, but another 
jypothetical substance, which is produced from cane-sugar as fast 
is it is removed by inversion. Arrhenius here reverts to his old 
listinction between “active”? and “inactive’’ molecules. The 
iypothetical substance is “active cane-sugar’”’ formed from the 
nactive substance. It is present at all available temperatures in 
ery minute amount, and the quantity of it in equilibrium with the 
inactive cane-sugar increases about 12 per cent. per degree. We 
ire therefore dealing principally with the effect of temperature on 
in equilibrium, namely, that between the active and the inactive 
ubstance, and can apply van ’t Hoff’s equilibrium equation 


d log. k/dT = q/2T?, 


there & is the equilibrium constant and gq is the heat of activation. 
for a small range of temperature this leads to 


log k = C — A/RT, 


i, &@ straight line should be obtained on Arrhenius’s assumption 
itwe plot the logarithm of the velocity coefficient against the 
reciprocal of the absolute temperature, the slope of the line measur- 
ing the heat of activation. Arrhenius’s equation actually applies 
to many homogeneous and heterogeneous reactions, and although 
there is much that is arbitrary in its derivation, it is in its general 
character quite in accordance with modern ideas. 

Returning once more to his personal fortunes, we find that after 
1887 he was recognised abroad as one of the chief figures of physical 
chemistry, but the death of Edlund in 1888 deprived him of his 
toutest champion at home, and greatly reduced his chances of 
obtaining suitable academic employment in Sweden. Abortive 
negotiations to establish him in a chair of physics at Utrecht and 
of chemistry at Graz were succeeded by a definite call to the chair 
of chemistry at Giessen in 1891. Arrhenius, however, notwith- 
tanding the invidia inter suos to which he had been subjected, was 
intensely patriotic and declined the offer on the chance of being 
appointed chief of the laboratory of physics in the Hdégskola 
(University College) at Stockholm, a post which at this time had 
become vacant. Arrhenius was successful in his candidature and 
dbtained this lectureship, which was in 1895 converted into a pro- 
fessorship, although once more against formidable opposition, only 
overcome by the strong backing of German physicists. This chair 
Arrhenius held till 1905. During the years 1896—1902 he was 
Rector of the Hégskola, and through his personality did much to 
stabilise and develop the struggling institution notwithstanding 
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that he had no fondness for administrative tasks. Although his 
laboratory was small and poorly equipped, the name of Arrhenius 
was sufficient to attract foreign workers, among whom may be 
mentioned Abegg, Bredig, Cohen and Euler, who afterwards suc. 
ceeded him in the chair. Foreign distinctions also began to come 
his way. He was elected an honorary fellow of this Society in 
1898, and was awarded the Davy Medal of the Royal Society in 
1902. At last he received recognition, and that of the most hand. 
some description, from his own countrymen by the award of the 
Nobel Prize for Chemistry in 1903. 

His interest had meanwhile been diverted from the study of 
solutions to other fields of science, at first to cosmic and meteor. 
ological problems. 

One of his very early papers (1883) dealt with an observation 
of globe lightning near Upsala, and his work on conducting gases 
had led him to study electrical phenomena in the earth’s atmo. 
sphere. With his friend the meteorologist, Nils Ekholm, he investig- 
ated the influence of the moon on the electric state of the atmo. 
sphere, on the aurora and on thunder-storms. In a long memoir 
(1896) he attempted to account for the onset and passing of glacial 
periods by the variation in the amount of carbon dioxide in the 
atmosphere. This gas exerts a selective absorption, allowing the 
solar radiation freely to pass inwards, but to a great extent stopping 
the lower-temperature radiation from the earth outwards. Arrhenius 
calculated that from this green-house effect the temperature in the 
arctic regions might rise 8°C if the carbon dioxide content of the 
atmosphere increased to somewhat more than double its present 
value, and that in order to get the temperature of an ice-age between 
the 40th and 50th parallels, the value would have to sink to about 
half. The variation in the carbonic acid content he attributed 
chiefly to variation in volcanic activity. The problem of the Ice 
Ages is still a vexed question amongst geologists, but Arrhenius 
made a notable contribution to its discussion. 

Another important paper on a geological subject was a theory of 
vulcanicity based on physico-chemical principles (1900). According 
to it the sea-floor acts as a kind of semipermeable membrane, per- 
mitting water molecules to pass but not silicate molecules. Water 
at no very great distance under the surface of the crust would be 
at a temperature above its critical point, and therefore a gas, and 
would be absorbed by the fluid magma under the great pressures 
existing. But by extrapolation from known data it may be shown 
that, although at room temperature water is a much weaker acid 
than silicic acid, yet at high temperatures the reverse is the case, 
water at 1000° being probably 80 times stronger than silicic acid. 
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In the magma, then, water will attack and decompose silicates, 
and thus be potentially stored up in the form of acid and base. 
When the magma on rising is cooled, the reverse process takes 
place; water is liberated and at a certain height will overcome 
the pressure of the column above it, eject the superincumbent 
fuid, and cause a volcanic eruption. A volcano thus acts in much 
the same way as a geyser. The theory aims at explaining the 
proximate cause of eruptions, and has met with wide acceptance. 

In 1898 Arrhenius wrote a remarkable paper on the action of cosmic 
influences on physiological processes, and in 1903 he surprised his 
chemical friends by publishing his ‘“ Lehrbuch der kosmischen 
Physik,” a work of extraordinary learning and scholarship. In it 
he passes under review an extensive collection of observational 
material and deals with it according to his own methods. The 
nost striking novelty of treatment is the use he makes of radiation 
pressure, the existence of which had been predicted by Clerk Max- 
well. It was applied by Arrhenius to various cosmic phenomena 
even before its experimental confirmation in the laboratory by 
Nichols and Hull and by Lebedev. Arrhenius calculated that at 
the surface of the sun the repulsive force of the radiation would 
balance the sun’s gravitational attraction on black particles of 
diameter about 1-5, and specific gravity 1, and that smaller particles 
than these would be repelled. Schwarzschild made some necessary 
corrections and showed that the maximum repulsion would be for 
completely reflecting particles (sp. gr. 1) if their diameter was about 
0-16, and it would then be 10 times the gravitational attraction. 
From the sun then we might expect streams of such minute particles 
to be shot out in all directions. Many of these particles would be 
dectrically charged from the ionisation existing in the sun’s gaseous 
atmosphere. Arrhenius shows how the phenomena of the solar 
corona, comets, the aurora, and the zodiacal light may be caused 
or influenced by these particles. 

With the beginning of the present century Arrhenius’s thoughts 
took a new turn. He became interested in serum therapy, and in 
the summer of 1902 he went to work in Ehrlich’s laboratory in 
Frankfort. He collaborated with Thorvald Madsen and published 
jointly with him in the same year a memoir on the occasion of the 
opening of the Danish State Serum Institute, of which Madsen 
had been appointed director. It was entitled “‘ Physical Chemistry 
applied to Toxins and Antitoxins.’”” Madsen was responsible for 
the experimental methods, Arrhenius for the theoretical treatment. 
They maintained that the toxin-antitoxin combination (held by 
Ehrlich to be a firm chemical union) was in reality reversible, and 
governed by the ordinary mass-action law. The immunological 
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phenomenon of antitoxin action was likened to the interaction of a 
weak acid and a weak base, such as boric acid and ammonia, which 
only partly neutralise each other. The work constitutes a classical 
study among the early researches into the underlying nature of 
immunity phenomena, and contributed to laying the foundation 
of ‘‘immunochemistry,” a term first applied by Arrhenius himself 
to a branch of biological research in which reactions of markedly 
specific character occur between biological principles of unknown 
chemical nature. Arrhenius pursued this type of research for a 
decade, and published two books dealing with it, “ Immuno. 
chemistry”’ in 1908, and ‘ Quantitative Laws in Biological 
Chemistry ” in 1915. 

In the year 1905 Arrhenius happened to be in Berlin and was 
asked by the University adviser of the Prussian Ministry of 
Education if he would be inclined to accept a position in the 
Prussian Academy, similar to that held by van ’t Hoff. This was 
a very tempting proposal, but Arrhenius, with his usual patriotism, 
requested time to consider it, and asked and was granted permis. 
sion to speak of it to the Minister of Education in Sweden. It had 
been the intention of the Academy of Sciences to found a Nobel 
Institute for Chemistry and one for Physics, but the wish having 
been expressed by King Oscar IJ that Arrhenius should not be 
allowed to leave Sweden, the Academy resolved to found forthwith, 
instead of the two proposed institutes, a Nobel Institute for Physical 
Chemistry, and of this new foundation Arrhenius was appointed 
director. It was housed at first in temporary quarters in Stockholm, 
but at Experimentalfiltet, a pretty park in the neighbourhood of 
the town, a small laboratory was erected with an official residence 
attached. The laboratory was inaugurated in 1909. Here, with 
an assistant and a few research workers as guests, Arrhenius could 
work and write under ideal conditions on such problems of physical 
chemistry, physiological chemistry, immunochemistry, meteorology 
and cosmic physics as might please him. 

The stormy period of Arrhenius’s career was now definitely over, 
and from the time of his appointment to the Nobel Institute life 
went very smoothly with him. From being a scientific outcast in 
Sweden he became a scientific oracle, known and respected by all 
classes of the people. 

He himself did little practical work in the new laboratory, but 
stimulated and encouraged others. One of his chief pleasures was 
to attend conferences in all countries for the purpose of meeting 
his scientific colleagues and discussing with them their special 
problems. He often visited England and was elected a foreign 
member of the Royal Society in 1911. In 1914 he gave the Faraday 
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lecture to our own Society, and the Tyndall Lectures to the Royal 
Institution. 

Arrhenius liked to acquire knowledge at first hand, and visited 
many laboratories for this purpose. He spent, for example, three 
weeks in Rutherford’s laboratory in Manchester, working at a 
practical course in radioactivity under Geiger. At the end of 
a week he had started a research on the solubility of active deposits, 
and was with difficulty dragged away from his electroscope to 
witness some of Jacques Loeb’s starfish experiments at the Marine 
Biological Station. 

He devoted a large part of the later years of his life to popular- 
ising science. A firm believer in progress through enlightenment, 
he sought to bring a knowledge of scientific fact and method before 
the general public. His clear and easy style made his books 
attractive, though the matters dealt with were often in themselves 
dificult. The first of these books, “ Varldarnas Utveckling ” 
(Worlds in the Making), which treats in a popular manner some 
of the subjects of his “‘ Kosmische Physik,’”’ had an immediate and 
wrld-wide success, being translated into all the important European 
languages. 

Happy in his work and happy in his family life, Arrhenius during 
his later years radiated contentment. He was twice married—in 
1894 to Sofia Rudbeck, and in 1905 to Maria Johansson. By the 
frst marriage he had one son, Olov Vilhelm Arrhenius, who is 
known for his work in soil science and agricultural botany, and by 
the second a son and two daughters. 

His health remained good until the autumn of 1925, and although 
he recovered in a remarkable way from the first seizure, he retired 
from the Directorship of the Nobel Institute in February 1927, 
when he was granted a full pension and the right to remain in the 
official residence. On 2 October, 1927, he died after a week’s 
illness, and was buried in Upsala on the eighth of that month after 
a solemn service in Stockholm on the previous day. 

Arrhenius was of the old breed of natural philosophers, a true 
polyhistor, devoted to science at large. Being endowed with a 
memory both tenacious and accurate, he had a marvellous command 
of scientific fact. He was, however, no unimaginative empiric; 
his synthetic fancy played over the vast store of knowledge and 
sought relations between apparently isolated regions. In conse- 
quence, his original ideas were concerned with borderland sciences 
—physical chemistry, cosmic physics, geophysics, immunochemistry. 
The conjunction in him of two special faculties explains the char- 
acter of much of his work—his aptitude for scientific speculation, 
and an\extraordinary facility in dealing with figures. He loved 
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statistics and it is recorded of him that as a very small boy he 
delighted to sit beside his father and help him in casting his laborious 
accounts. Arrhenius might begin a new line of work by the con. 
sideration of tables of numerical data collected by himself or others, 
He would frame a formula to fit them—an exercise at which he was 
uncannily expert—and then evolve a physical hypothesis to account 
for the formula. Or he might start with a bold speculation as to 
how two entities were related, formulate this relation, and check 
the formula by means of data of observation or experiment. There 
was constant interplay between the speculative and the quantitative 
sides of his mind. I recollect that one day in the laboratory at 
Leipzig, after a long spell of very arduous experimental work, he 
downed tools, saying, ‘‘I have worked enough; now I must think,” 
and did not reappear in the laboratory for a fortnight. Extreme 
experimental accuracy he never aimed at, considering it rather a 
disadvantage in the search for a general law, and he used to boast 
that he had never performed an exact experiment in his life. But 
this statement must be taken with a grain of salt. I know that his 
work at Leipzig was certainly more accurate than that of most of 
his fellow-workers in the laboratory, although carried out with the 
simplest possible apparatus. 

Arrhenius had nothing academic about him save learning. In 
person he was stoutly built, blond, blue-eyed and rubicund, a true 
son of the Swedish countryside. His nature was frank, generous 
and expansive. He was full of robust vitality and primitive force. 
He had hearty likes and dislikes, and beneath his inborn geniality 
and good-humour was a latent combativeness, easily aroused in the 
cause of truth and freedom. 

He was not politically active, but he was fond of discussing the 
large questions of world politics. He spoke very bitterly of Norway 
when she broke the union with Sweden, but later admitted that 
the separation had been best for both countries, and expressed to 
me the hope that Britain would give Ireland similar complete 
freedom. The World War he regarded as essentially a struggle 
between Germany and Britain, and although his greatest scientific 
friends belonged to the Central Powers, his sympathy was definitely 
with the Allies. 

A word may be said about Arrhenius as a linguist. He held that 
to speak a foreign language what one wanted was, not so much 
knowledge, as courage. Being liberally endowed with this latter 
quality he spoke and wrote many languages with ease and con- 
fidence, if not with accuracy. Indeed he considered it a waste of 
time to acquire the niceties of a language, and was of opinion that 
there should be a universal language—he suggested a simplified 
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Bnglish. Any shortcomings of accent or idiom in his own English 
yere amply compensated by a Shakespearean richness of vocabulary, 
shich gave extraordinary pith to many of his sayings. 

He paid little regard to literature or art, but keenly appreciated 
yatural beauty, especially the gladdening phenomena of spring. 
His life-long interest in the lovely Northern Dancers and in comets 
hat ‘‘ brandish their crystal tresses in the sky’ had most likely 
i esthetic as well as a scientific basis. 

Sweden can boast of many eminent names in science, of which 
vo are by common consent of the first magnitude—Linnzus and 
Since the death of Berzelius she has had no name to 
ink with these save the name we commemorate to-day—Arrhenius. 
et withal Svante Arrhenius was so simple, so genuine, so human 

personality, that those who had the privilege of his intimacy 
ways forgot the great scientific master in the genial companion 
fod the kindly, lovable friend. 


WXXITT.—The Dilution and Neutral-salt Errors of 
Buffer Mixtures. 


By CHARLES Morron. 


iwixG to the wide distribution of neutral salts in tissues and body- 
ids, the well-known fact that the apparent hydrogen-ion con- 
entration of buffer mixtures is increased on the addition of neutral 
fits is of especial importance in biochemical investigations. In 
he case of polybasic buffers, such as the phosphate mixtures, 
‘Beglect of neutral-salt effects may lead to appreciable error. The 
_ JPoblem has been examined, so far as the phosphate mixtures are 
-gncerned, by Michaelis and Kriiger (Biochem. Z., 1921, 119, 307), : 
nd by Cohn (J. Amer. Chem. Soc., 1927, 49, 173), but no systematic 
vestigation of the dilution and salt errors of buffer mixtures in 
eral appears to have been undertaken. 
The properties of the following mixtures have now been studied : 
| Half-neutralised solutions of acetic and cacodylic acids; 
| one-fourth-neutralised solutions of aspartic acid and of arginine ; 
| three-fourths-neutralised solutions of o-phthalic and «-mono- 
veerylphosphoric acids; (4) mixtures of sodium pyrophosphate 
td hydrochloric acid in the molecular proportions (a) 2 : 3, (6) 2:1. 
tsuch mixtures we have, respectively, (1) px = Px, (2) Pa = Pay 
DP Pu = px, (40) py = px,, (46) pu = px, where K = 10°?« is the 
parent dissociation constant of the buffer electrolyte. To these 


lutions various amounts of N-potassium chloride, N-sodium 
3A 
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chloride, M/3-potassium sulphate, M/3-barium chloride, and M /4. 
magnesium sulphate were added, and the pg (or px) change pro- 
duced by each addition was noted. The effect of dilution was also 


studied. 
The experimental results are in Tables I-IX. In all cases p, 


salt, depending only on the valency type; with larger addition: 
a specific salt action is exhibited. As regards the importance o 
their effects in inducing py change in acid buffer mixtures, the 
influence of neutral salts is in the order BaCl,>MgSO,>Na(l 

KCl>K,SO,, whatever the nature of the buffer acid. For basi 
buffers the order is reversed : K,SO,>KCl>NaCl. 

In dilute solution, when free acid and salt were present in 
equivalent concentration, the px or pg changes brought about by 
further dilution, or by the addition of small quantities of neutra 
salts, were satisfactorily described by the equation 

Pe= Pa + AVE =pert+AVu. . =. 
where u is the ionic strength as defined by Lewis and Randall ( 
Amer. Chem. Soc., 1921, 43, 1112), and p,; and A are true constants 
When acid and salt are not present in equivalent concentration, th 
equation 

Pr = Pu + log [acid]/[salt] + AV u veing)* ne 
applies within the limits of validity of Henderson’s equation (i. 
within the py, limits 4—10). The numerical value of A is 0:5 f 
monobasic acids, of the order of 1-5 for dibasic acids, 2-5 for t 
basic acids, and, in general, roughly equal to (m — 0-5) for : 
n-valent acid. 

In solutions of higher ionic strength, the hydrogen-ion relatiol 
ships are defined by the expression 

Pe = Px + AV — Bu . 
or Pi = Pu + log [acid]/[salt] + AV — By . 
The constants A and p;, have the same significance and numeric 
values as before, and B is a coefficient expressing the specific actit 
of theions. Let the values of px in three buffer solutions containil 


identical ions, but of different ionic strengths py’, »’’, »’”’, be pa 


Pr, and pr, respectively. Then py = pg + AV uw’ — By 
Pav + AV" — Bul” = paw + AV — Bul” 


whence A = be, be and B= 66, be" 
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where @ = pre — py, b= Vp — Va", c= vw’ — uw". 
= Pav — Pr’, 6) = Vn — Vu, Pe cm 
By means of (5) the values of A and B may be obtained independ- 
ently of one another, and bysubstitution in equation (3) p; is obtained. 
By the use of this method, the values of A, B, and p, given in 
Tables II—IX were obtained. The constancy of k throughout 
ranges of dilution and salt concentration varying from N/2 to 
N/1000 is in general good, and appears to justify the use of the 
above method of formulation. The mean values of p, and the 
salt coefficient B for the salts and mixtures studied were as follows 
(C is the molar concentration of the free acid and of the salt) : 


ser 


Values of B for 


py. K,SO,. KCl. NaCl. MgSO,. BaCi,. 
3-895 0-485 0-402 0-252 0-209 0-057 
4-735 0-411 0-348 0-295 0-160 0-148 
6-247 0-352 — 0-259 0-119 0-153 


Buffer electrolyte. 
Aspartic acid 
Acetic acid 
Cacodylic acid 


«Glycerylphosphoric 
acid 


6-744 0-965 0-837 0-629 0-288 0-256 
trophicepiioets acid.. 6-704 1:48 1:29 0-983 
Prophosphoric acid.. Ky 9-880 1-74 1:33 0-687 
ini Ku 0-005 5-178 0-371 0-408 0-466 


Cc 
0-02 
0-01 
0-04 
Phthalic acid 2 0-01 5-333 0-961 0-845 0-759 0-466 0-435 
0-01 
0-02 
0-02 


It is clear that the value of B depends on the specific nature of 
the salt, and to a less extent on the strength and valency of the 
buffer acid, decreasing slightly with decreasing strength of the acid 
and increasing with the valency of the acid. 


The Quantitative Expression of Buffer Capacity: 

Van Slyke (J. Biol. Chem., 1922, 52, 525) has suggested as a 
mit of buffer capacity the differential ratio 8 = dB/dpy, expressing 
the relationship between the increment dB of strong base and the 
resulting py change. The practical value of a buffer solution depends 
m the degree of resistance offered to changes in hydrogen-ion con- 
entration occasioned (1) by the presence of acid or basic impurities, - 
2) by errors of dilution, or by the presence of foreign salts. If 
tustworthy conclusions as to the reproducibility of a given solution 
are to be drawn, the magnitude of the errors due to both sources 
must be known. This point may be illustrated by a comparison 
‘mo the effects-ef strong bases and of dilution on the hydrogen-ion 
ocentration of (a) 0-1N-sulphuric acid, (6) 0-1N-glycine, (c) 0-1N- 
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The dilution error (provisionally formulated as =’ = Ap,/AC) 
involved in the preparation of 0-1N-sulphuric acid is 14 times as 
great as that of standard acetate; this accounts for the experi- 
mental observation that, whereas the former solution has the higher 
8 value, the latter is the more readily reproduced. On the other 
hand, although 0-1N-glycine and 0-1N-standard acetate have 
approximately the same dilution errors, the alkali-resisting capacity 
of standard acetate is 60 times as great as that of the glycine. Of 
the three solutions, only standard acetate fulfils the requirements 
of an ideal buffer solution, combining a high $ value with a low =’ 
or dilution error. 

It appears desirable to supplement the @ value of van Slyke by 
a second unit which will serve as a criterion of the probable dilution 
or salt error. It has been shown above that in the case of typical 
buffer mixtures, i.e., mixtures prepared from acids or bases the 
dissociation constants of which lie between the limits 10~* and 
10-1°, the dilution and salt errors are functions of the ionic strength 


rather than of concentration. The proposed unit will be defined, [ 
therefore, as the differential ratio x = dp,/dVy. When both the | 
8 and x values of a solution are stated, the buffer efficiency is | 


completely defined: the higher the 8 value, and the lower the = 
value, the greater the efficiency. 

For a typical buffer mixture within the range of validity of 
Henderson’s equation, we have, from (4), 


n= dpy/dVp =2BVp—A. . . . (6) 
since the values of p; and the ratio of acid to salt are inappreciably 
affected by dilution or by the addition of neutral salts. 


In solutions of low ionic strength (u<0-01), e.g., in dilute buffer j 


solutions, (6) reduces to 
R= —A=—Ob—B ope pines ah 

From equations (6) and (7) it can be deduced that : 

(1) The dilution error, unlike the $8 value, is independent of the 
strength of the buffer electrolyte. 

(2) The limiting dilution error is the same for all mixtures of 
the same salt and acid, e.g., all the phosphate mixtures of Clark 
and Lubs have the same limiting dilution error. 

(3) All buffer mixtures prepared from monobasic acids or mono- 
acid bases have the same limiting dilution error, viz., —0-5. 

(4) The limiting dilution error rapidly increases with the valency 
of the buffer acid or base. For dibasic acids, e.g., the phthalate 
and phosphate mixtures, the error is 3 times as great as for mono- 
basic acid mixtures. Hence, ceteris paribus, monobasic buffer 
mixtures are preferable to polybasic mixtures. 
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TABLE I. 


Buffer electrolyte. ; C. Viu.* 
Aspartic acid ¢ . 0-02 0-142 
0-01 0-101 

0-005 0-072 

0-0025 0-051 

0-00125 0-037 

Cacodylic acid ‘ f : 0-200 


Go 69 CO Ha Cit 


So 


Phthalic acid 


0-050 0-5584 

Glycerylphosphoric acid K, 1°: 5 0-200 0-6296 
0-6330 

0-6348 

0-:0707 0-6385 

Pyrophosphoric acid (i) K; 2°: 2 0-490. 0-5922 
° 0-346 0-6012 

0-245 0°6066 

‘0025 0-173 0-6148 

0:00125 0-123 0-6198 

Pyrophosphoric acid (ii) K, 3°: 0-02 0-583 0-7410 
0-01 0-412 00-7520 

0-005 0-292 0-7626 

0-0025 0-206 0-7673 

0-00125 0-146 0-7723 


* From the definition of Lewis and Randall, it follows that the ionic strengths of solutions 
of uni-bivalent, uni-tervalent, and uni-quadrivalent electrolytes are respectively equal to three, 
six, and ten times the molar concentrations, and that of a uni-univalent electrolyte is equal 
tothe normality. The ionic strengths of the various mixtures were therefore derived as follows: 

Arginine and aspartic, acetic, and cacodylic acid mixtures: » = [salt] = C. 

Phthalic and glycerylphosphoric mixtures: » = [HA’] + 3{A”’] = 4C, where C = [HA’] = 

{[A”’ 


mprronbomhoric, Oe] HCE. wu = 6(HP,O,’”] + 3[H,P,0,”] + [Cl’] = 12C, where C 
aE - 
Pyrophosphoric +t Td (ii): ws = 10[P,0,”"] + 6[HP,0O,’] + [Cl’] = 17C, where C = 
(P.O ied _ (HP, (8) Oe aa (Cl’} V} 

+ in computing K,, the expression PR, = Pu - + log Galt} — [H°))/({salt] + [H*]) was used, 
the Henderson eyuation being inexact when (H*) > 1 
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(5) When V u<A/2B, dpy/dV wu has a negative value, the p, 
value of the solution decreasing with increasing ionic strength. 
When Vu = A/2B, dpy/dV u = 0, and, from (4), the corresponding 
value of the hydrogen-ion concentration, the lowest which can be 
obtained with a given buffer mixture, is given by py = p, — 
log [acid]/[salt] — A2/4B. When Vu>A/2B, the p, value of the 
mixture increases with increasing ionic strength. 

(6) The x-V'u graph is a straight line, the slope of which is equal 
to 2B. 


The Thermodynamical Significance of the Dilution and Salt Errors. 


Henderson’s equation is derived on the assumptions that (1) the 
concentrations of hydrogen and hydroxy] ions are negligibly small 
compared with those of the total acid and base; (2) the salt is 
completely dissociated; (3) the law of mass action, as ordinarily 
defined in concentration terms, is obeyed. Between the py limits 


MORTON: THE, DILUTION AND 


TABLE II. 


Aspartic acid mixture. 
[H,A] = [HA’] = 0-02, 
C.c. added 0-0 
Salt. A. us 
N-KCl 0-497 EMP. 


Pu 
K x 104 
k x 104 
N-NaCl 0-495 0-252 #.M.F. . ° . 0-4675 
: . 3-756 
1-75 
1-23 


Pu 

K x 104 

kx 104 
M/3-K,SO, 0-499 EMF. 


23 


Pa 

K x 104 

k x 104 
M/3-BaCl, 0-498 0-057 2£.M.F. 

Pa 

K x.10* 

& x 10¢ 
M/4-MgS0O, 0-500 E.M.F. 


orrYeS> a 
bho De 
an 2 


Pu 
K x 104 
kx 104 


C.c. added 
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mn 
0-497 E.M.F. 0-4678 
Pu 3-761 
K x 104 1-73 
k x 104 1-22 
E.M.F. 04647 
Pu 3-710 
K x 104 1-95 
k x 104 1-24 
M/3 K,SO, 0-499 E.M.F. 04704 
Pu 3-805 
K x 104 1:57 
k x 104 1-16 
M/3-BaOl, 0-498 E.M.F. 0-4603 
Pu 3-637 
K x 104 2-31 
k x 104 1-28 
M/4-MgSO, 0-500 E.M.F. 
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Pu 
K x 104 
k x 10* 


Mean value of ka = 1-27 x 10-¢. 


4—10 the first assumption is obviously justified at ordinary con- 


centrations. If the second and third assumptions were both valid, 


therefore, dilution and neutral salt errors would be non-existent. 
The fact that both errors are functions of the ionic strength rather 
than of concentration suggests that it is the third assumption which 
is at fault, and that the activity concept may offer a solution. 
The introduction of the activity correction into the Henderson 
equation leads to the expression 


Pr = Pu + log [acid]/[salt] + log fa/fs . 
in which f, and f, are the activity coefficients of the undissociated 
acid and of the salt anions, or of the acid anions of lower and higher 
valency, respectively, and k = 10-? is a true constant, the thermo- 
dynamic dissociation constant. Bronsted (Trans. Faraday Soe., 


¥/4-MgS 


NEUTRAL-SALT ERRORS OF BUFFER MIXTURES. 


TaBie IIT. 
Acetic acid mixture. 
[HA] = [A’] = 0-01. 

C.c. added 0-0 0-3 0-5 
is 0-010 - 0-0388 0-0571 
E.M.F. 05238 05204 
Pu 4-684 4-635 
Kx 108 2:07 2-35 
kx108 1-85 
E.M.F. 05238 
Pu 4-684 
Kx 105 2-07 
k x 105 1-86 
E.M.F. 0-523 
Pu 4-684 
Kx108 2-07 
kx105 1-86 
E.M.F. 
Pa 
K x 105 
k x 108 

yit-MgsO, 0- E.M.F. 
Pa 
K x 105 
k x 105 


C.c, added 


3-0 
0-2385 
0-5138 
4-527 
2-97 
1-83 
0-5154 
4-553 
2-80 
1-87 
0-5183 
4-601 
2-51 
1-79 
0-5182 0-5176 
4-599 4-588 
2-52 2-58 
1-79 1-78 
0-5160 0-5145 
4-563 4-538 
2-74 2-90 
1:80 1-80 
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Sato 


9-0 10-0 
m7 0-4501 0-4790 0-5050 
¥3-BaCl, “t £.M.F. p 5) 5105 0-5100 50 7 05093 
Pu ' . 4-463 “48 4-451 
K x 108 : 2 : 3 3-44 8-54 
k x 108 : “8 85 “85 1-85 “83 1-85 
E.M.F. 
Pu 
K x 105 
k x 105 
E.M.F. 


ao 


0-5175 
4-587 
2-59 
1-84 
051538 
4-551 
2-81 
1-86 
0-5110 5 05098  0-5093 
pu 4-480 . 4-460 4-451 
K x 108 3-31 3-40. 3°47. 4 
kx 105 ‘ G 82 1-83 1-88 
Mean value of k = 1-84 x 10~, 


1927, 23, 418) puts the Debye—Hiickel (Physikal. Z., 1923, 24, 
185) equation for the activity coefficient f of an ion of valency z 
in the form — log f = 0-522V/p + bu. For the n-th stage in the 
dissociation of a weak acid this gives — log f, = 0-5(n — 1)P?°V/u + 
‘Nu and — logf, = 0-5n2V ua + 6"u, or log f,/f; = (n — 0:5)Vu — 
Bu, where B = b’ — b”’. 

Equations (8) and (4), therefore, are identical and the data of 
Tables I—IX constitute an experimental verification of the Debye— 
Hiickel theory. 

For mono- and di-basic acids, the numerical values of the pro- 
prtionality constant A are in excellent agreement with those 
derived thermodynamically from the Debye—Hiickel theory, viz., 
5 and 1:5, respectively, but for acids of higher valency there is 


Pa 

K x 105 

k x 105 

E.M.F. 0-5172 

pu 4-582 

K x 105 2-62 

k x 105 1-77 
M/4-MgSO, 0-5 E.M.F. 0-5134 
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TABLE IV. 
Cacodylice acid mixture. 


[HA] = [A’] = 0-04. 
0-0 
0-0400 
0-6116 
6-153 
7-0 
5-7 
0-6116 
6-153 
7-0 
5-8 
0-6116 
6-153 
7-0 
5-7 
0-6116 
6-153 
7-0 
5-6 
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N-NaCl 
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M/4-MgSO, 
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C.c, added 4-0 
“ 0-3143 
E.M.F. 0-6055 
Pu 

K x 10? 
k x 10? 
E.M.F. 
Pu 

K x 10? 
k x 107 
E.M.F. 
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25 
aod 
oF 

—— 


A 

K x 107 
k x 107 
E.M.F. 
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Pa 

K x 107 

kx 10? 
Mean value of k = 5-66 x 10-7. 
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only rough correspondence between the two values. Moreover, the 
above considerations apply only to weak electrolytes, the dissoci- 
ation constants of which lie within the limits 10-* and 10° or 10™. 
In any attempt to formulate the dilution errors of strong electro- 
lytes, or of the strongly hydrolysed salts of very weak electrolytes, 
the effects of changing concentration, as well as of changing ionic 
strength, must be taken into account. For such electrolytes, the 
dilution error may be provisionally formulated as x’ = Ap,/AC, and 
determined experimentally. 


EXPERIMENTAL. 


The hydrogen electrode was used in conjunction with a saturated 
calomel half-cell, and with saturated potassium chloride solution§ 


as the junction liquid. The temperature was maintained at 30° 
by circulating water from an electrically controlled thermostat, 
by means of an ‘‘ Albany ” pump, through jackets surrounding the 
two electrode vessels. 
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TABLE V. 
Arginine mixture. 
[BOH] = [B*] = 0-00545. 


O.c. added 0-0 2-0 


0-1712 
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00-4475 
0-7710 


C.c. added 


to > 


0-7708 
8-700 
9-4 

6-6 
0-7736 
8-748 


“ 
E.M.F. 


Pu 

& x 108 

k x 10* 
0371 £.M.F. 
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K x 10* 
k x 10* 
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Mean value of kp, = 6-64 x 107%. 


(1) Dilution Experiments. 

In these experiments (Table I) each solution was prepared by 
nixing 50 c.c. of the previous dilution with an equal volume of 
water, the same pipette being used. 

The values of k, the thermodynamic dissociation constant, given 
inthe last column of Table I, are those deduced from the limiting 
quation (1). At the highest dilutions studied (about 1 /1,000), 
he experimental error is necessarily somewhat large; it may be 
aimed, nevertheless, that the Debye—Hiickel theory satisfactorily 
lescribes the hydrogen-ion relationships of mono- and di-basic 
hixtures over a wide range of concentration. For mixtures pre- 
red from acids of higher valency, such as the pyrophosphate 
tixtures, the lack of constancy of k indicates that the use of the 
Hebye-Hiickel equation is justifiable only as a first approximation. 


(2) Neutral-salt Experiments. 
To 10 ec.c. of the mixture under examination, successive small 


icrements. of N-potassium chloride, N-sodium chloride, M/3- 
3A2 
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Phthalic acid mixture. 
[HA = [A”] = 0-01, 


O.c. added 05 1-0 15 2-0 3- 4) 
Salt. A, B. M 00857 01273 0-1652 00-2000 02616 0.3143 
N-NaCl 15 0-759 E.M.F. 05414 .0-5380  0-5353 00-5331 0-5302 0-529 
Pu 4-952 4-895 4-851 4-814 4-766 4-730 
K, x 10° 11-2 12-7 14-1 15-4 17-1 18-6 
k, x 108 4:7 4:7 46 4-6 46 47 
M/3-K,80O, 15 0-961 Z.M.F. 0-5426  0-5400 0-5378  0-5363 0-5345 05339 
Pu 4-972 4-928 4-891 4-867 4-838 4-818 
K,x10* 10-7 11:8 12-9 13-6 14-5 15-4 
k, x 10° 4:7 4-6 4-6 4:5 4-4 4-4 
M-BaCl, 15 0-435 EMF. 00-5337 =—-0-5248— 05201 = «05162 = «0-116 0-5 
Pu 4-823 4-677 4-597 4-533 4-457 4-407 
K,x10* 15-0 21-0 25-3 29-3 34-9 39:2 
k, x 10° 5-9 6-9 7:3 7-6 77 78 
N-KOl 15 0-845 E.M.F. 05417 = 0-5389 0-5365  0°-5340 0-5315 0-529 
Pu 4-957 4-910 4-871 4-828 4-787 4-752 
K,x10* ‘31-0 12-3 13-5 14:9 16-3 17:7 
k, x 10° 5-2 4-6 46 4:7 46 4-7 
M/4-MgSO, 1:5 0-466 EMF. 05373 0-5326 0:5290 0-5263 05225 O-5ig9 
Pu 4-884 4-806 4-745 4-700 4-637 4-594 
K,x10* 13-1 156 18-0 20-0 23-1 2555 
k, x 106 5-2 5-2 5:3 5-3 5-2 5-2 
C.c.added 5-0 6-0 7-0 8-0 9-0 10-0 
BM 0-3601 0-4000 0-4352 0-4667 04948 0-520 
N-NaCl 15 06-759 2£.M.F. 05266 05256 0°5246 0-5232 0-5227 06-52% 
f4-706 4-689 4-673 4-649 4-640 4-629 
K,x10* 19-7 20-5 21-2 22-4 22-9 235 
k, x 10° 4-6 4-6 4-6 4:8 4-8 48 
M/3-K,SO, 1:5 0-961 E.M.F. 0-5320 =0-5310 3s «00-5306 = «00-5300 = «00-5292 ~—s 052 
4-796 4-779 4-773 4-762 4-749 4-745 
K, x 10* 16:0 16-6 16-9 17:3 17:8 18-0 
k, x 10° 4:5 4:5 45 4-6 4-7 4:7 
M/3-BaCl, 1:55 0-435 E.M.F. 05064 05049 0-5033 0-5020 0-5012 05010 
Pu 4-367 4:344 4-318 4-296 4-284 4-2 
K, x 10% 42-8 45:3 48-1 50-6 52-0 52-5 
ky X los 78 76 76 7-6 75 73 
N-KCl 15 0-845 £L.M.P. 05280 05277 0-5270 0-5264 0-5259 05251 
Pu 4-730 4-724 4-713 4-702 4-693 4-680) 
K, x 10° 18-6 18-9 19-4 19-9 20-3 20-9 
ky X 10° 4-7 4-6 4-6 4-6 4:7 48 
M/4-MgSO, 1:5 0-466 £.M.PF. 05180 05164 05150 0-5139 0-5130 0-512 
Pu 4-563 4-536 4-513 4-494 4-480 4-465 
K, x 10° 27-4 29-1 30-7 32-1 33-1 343 
k, x lv® 5-1 5-0 5-0 5-0 4-9 5-0 


Mean value of k, = 4-65 x 10~*, 


potassium sulphate, .//3-barium chloride, or M/4-magnesiu 
sulphate were added, and the Z.M.F. at each stage was deter 
mined, The salts were Kahlbaum’s “ for analysis, with certificate 
of guarantee.” 

The values of k given in Tables II—IX were computed by meani 
of the expression p, = py + AVp — Bu. In general, k is constant 
within the limits of experimental error, i.e., throughout the range © 
salt concentrations studied (0-0—0-5N), the activation effect is iI 
accordance with the Debye—Hiickel theory. Apparent deviations 
are met with (a) in strongly acid mixtures in the presence of potass 
ium and magnesium sulphates, (b) in slightly alkaline mixtures 01 
the addition of magnesium sulphate and barium chloride. It i 
probable that in these cases we are dealing, not with a simple 
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TaBLeE VII. 
Glycerylphosphoric acid mixture. 
[HA’] = [A”’] = 0-01. 


O.c. added 0-0 0-3 0-5 1-0 15 2-0 3-0 
Salt. A. B. Mm 0-04Q . 0-0680 00-0857 0:1273 01652 0-200 ‘ 0-2616 
Y-KCl 15 0-837 £.M.P. 06296 046258 0-6240 0-6206 0-6185 0-6170 0-6139 
Pu 6-452 6-389 6-359 6-304 6-268 6-244 6-192 
K xX 10? 3-5 4-1 4-4 5-0 5-4 5-7 6-4 
k x 10’ 18 1:9 1-9 19 1:8 1-8 18 
Y-NaCl 15 0629 2.M.F. 06296 06254 06238 0-6204 0-6174 0-6149 060-6117 
Pu 6452 6383 6357 6300 6-250 6-209 6-155 
K x 10? 8-5 4-1 4-4 5-0 5-6 6-2 7-0 
k x 10’ 1-8 18 18 1-8 1-8 1-8 1-7 
M/3-K,SO, 15 0-965 2.M.F. 06296 0-6260 06250 0-6225 0-6204 0-6194 0-6170 
Pu 6-452 6-392 6-375 6-334 6-299 6-282 6-241 
K x 10? 3-5 41 4-2 4-6 5-0 5-2 57 
k x 107 1:8 1-9 1:8 18 18 17 18 
M/s-BaCl, 15 0:256 2.M.F, 06296 06190 0-6149 0-6095 0-6044 0-6008 0-5962 
Pu 6-452 6-275 6-207 6-119 6-033 5-973 5896 
K x 10? 3°5 5-3 6-2 76 9-3 10-6 12-7 
k x 107 1:8 2-2 2-4 2-4 2-5 2-6 2-5 
Mj/4-MgSO, 1°55 0-288 2£.M.F. 06296 0-6180 0-6144 0-6062 0-6010 0-5985 0-5935 
Pu 6-452 6-260 6-200 6-064 5-977 5-936 5°852 
K x 10? 3-5 55 6-3 8-6 10-5 11-6 14-1 
k x 10? 18 23 2-4 2-7 2-9 2-8 2-8 
O.c, added -4-0 5-0 6-0 7-0 8-0 9-0 10-0 
» 03143 0-3601 00-4000 00-4352 0-4667 0-4948 0-5200 
KCl 15 0-837 LMP. 06120 0-6109 0-6099 0-6090 0-6083 0-6078 0-6072 
Pu 6-159 6142 6126 6110 6-099 6-091 6-081 
Kx10° 69 72 75 7-8 8-0 8-1 8-3 
k x 10? 1:8 1-8 1:8 1:8 1-8 1-8 1-9 
J-NaCl 15 0629 Z2.M.P. 0-6089 06072 0-6056 0-6043 06-6032 0-6028 0-6020 
Pu 6-108 6080 6053 6-032 6013 6-006 5-994 
K x10? 7:8 8-3 8-9 9-3 9-7 9-9 10-1 
k x 107 1:8 1-8 1-8 1-8 1-8 1-8 1:8 
U/s-K,SO, 15 0-965 EMP. 0-6154 06142 0-6136 0-6129 0-6128 0-6122 0-6115 
Pu 6-216 6-195 6-186 6-175 6-173 6-163 6-152 
K x 107 6-1 6-4 6-5 6-7 6-7 6-9 7-0 
k x 10? 1-8 1-8 1-8 1-8 1:8 1-8 18 
M/3-BaCl, 1:5 0-256 E.M.F. 0-5921 00-5903 05881 0°5855 0-5850 0-5840 0-5829 
Pa 5-829 5-799 5-762 «= 5-719 Ss «57115694 ©5676 
Kx 107 148 15-9 17:3 19-1 19-5 20-2 21-1 
k x 10’ 2-6 2-5 2-5 2-5 2-4 2-4 2-4 
M/4-MgSO, 1:55 0-288 £.M.F. 0-5902 0-5880 05862 0-5845 00-5834 06-5825 05815 
Pu 5-798 5-761 5731 5-703 5-684 5-669 5-653 
Kx 107 159 17:3 186 19:8 20-7 21-5 223 
k x 10? 2-8 2-8 2-7 2-7 2-7 2-6 2-6 


Mean value of k, = 1:80 x 10-’. 


activation effect, but with a displacement of the acid-base equi- 
libria. Ionic reactions, such as (a) SO,’ + H’ == HSO,’, 
(6) Ba** + OH’ => Ba(OH)’, which tend to diminish the hydrogen- 
(or hydroxyl-) ion concentration, lead to an alteration of the ratio 
acid}/[salt]. In such circumstances it is no longer correct to 
assume, as is done in computing both K and k, that this ratio is 
independent of salt concentration. 


Conclusions. 

(1) The buffer unit of Van Slyke, viz., 8 = dB/dpy, is not in 
itself a true criterion of buffer efficiency. It is suggested that this 
value should be supplemented by the unit x = dpy/dVu expressing 
the dilution and neutral-salt errors. 
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TaBLeE VIII. . (: 
Pyrophosphoric acid mixture (i). and 
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Ky; x 107 

ks X 107 
M/4-MgSO, E.M.F. 0-5922 

Pu 5-797 


C.c. added 4:0 


[H,A”’] = [HA’”’] = 0-02, vale 
C.c. added 0) 0-3 0-5 10 15 2- (3 
m 2400 0-2625 0-2762 0-3093 0-3392 0- 
E.M.?. oa 220-5886 0-5876 0-5859 0-5845 0-5 z= 
Pu 5-797 o ” 5-6 : 
K, x 107 16-0 D- 22-6 time 
ky x 107 «19 . 21 4 
N-NaCl 25 0-983 E.M.F. 0-5922 . 0-5846 0-5 ( 
Pu 5-797 5-7 5-670 . 5-6 
K, x 107 16-0 19-3 21 23-1 24- equi 
ky xX 107 16 18 1- 7 1 an ? 
E.M.F. 0-5922 0-5901 0-5888 0-5878 0-5868 £ B 
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M/3-K,80, 25 148 E.M.F.  0-5843 
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M/4-MgsO, DMF. 0-504 
270 


Mean value of k, = 1:98 x 10-7. 
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Pyrophosphoric acid mixture (ii). CL: 
[HA] = [A’’”’] = 0-02. 
C.c. added 0-0 0-3 0-5 1-0 
i 03400 0:3598 03715 0-4003 
E.M.P. 07410 0-7380 07369 -0-7335 (0 
Pa 8-307 8256 8-237 . 
K, X 10° 49-3 . 70-3 
ky x 10° 13 1:3 
0-687 E.M.F. 0-7410 0-73 THE 
Pu 8-307 8-06 : 
K, X 10% 498 86-5 deriv 
ky x 10% 1 13 iw 
369 174 E.M.F. 07410 0-7 euhy. 
on 307 8-2 
Ky x 102° « 62-5 pota 
ky x 10% 1:3 alcol 
Cc. added 4+ O° 6 : . : obta: 
the c 
Th 
an ii 
reflu: 
distil 
M/3 K,SO, 369 1-7 tM.F. 07308 0°73 *7282 “7273 “73 . 67257 
fo Byes os 8-136 i : Th 
Ky X 102° 73-1 . . . 7-1 89- were 
kx 10! 13 ‘ , . “ ' 
solt 


Mean value of /, = 1-32 x 16-3, 
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(2) The limiting dilution error is independent of the strength 
and specific nature of the buffer electrolyte, depending only on the 
valency type. 

(3) The limiting dilution error of a monobasic buffer mixture is 
s= —0-5; that of an n-valent mixture is approximately (2n — 1) 
times as great. 

(4) The neutral-salt error is described by the Debye—Hiickel 
equation in the form p, = px + A Vu— By. The value of A for 
an n-valent buffer mixture is approximately (n — 0-5). The value 
of B depends on the specific nature of the salt, and on the strength 
and valency of the buffer electrolyte. 

(5) The ‘thermodynamic dissociation constants” of aspartic 
(ks), acetic, cacodylic, o-phthalic (k,), «-glycerylphosphoric (k,), 
and pyrophosphoric (k,, k,) acids, and of arginine (k,,) have been 
determined. 


The author wishes to express his indebtedness to the Principal 
and Head of the Chemical Department for the provision of facilities, 
und to Dr. J. C. Crocker for the kind interest he has taken in the 
wrk. A grant from the Dixon Fund of the University of London 
is gratefully acknowledged. 


CHELSEA POLYTECHNIC. j Received, April 13th, 1928.] 


(CLXXXIV.—The Conductivities of Sodium and 
Potassium Derivatives of B-Ketonic Compounds 
in Alcoholic Solution. 


By EImeEen WHITE. 


i Txt molecular conductivities of the sodium and potassium 
derivatives of ethyl acetoacetate, acetylacetone, benzoylacetone, 
ethyl isobutyl- and isoamyl-acetoacetate, and also of sodium and 
potassium ethoxides and potassium iodide were determined in 
alcoholic solution at 25° at dilutions of 4 to 1024 litres. The values 
obtained for greater dilutions show considerable deviations due to 
the comparatively large errors unavoidable in such dilute solutions. 

The measurements were carried out by the usual method with 
an induction coil and telephone. The alcohol was purified by 
refluxing with freshly burnt quicklime for 2—3 days, and after 
distillation had a specific conductivity of 0-15 x 10-* mho. 

Th¢ twlutions of the sodium and potassium £-ketonic derivatives 
wergum pared by the addition of the exact amount of alcoholic 
solyf°4 ‘of the corresponding ethoxide of known strength to 


} " 


Salt. A. 
N-KCl 25 
NV-Nacl 2-5 


M/3-K,80, 25 


M /4-MgSO, 


V-Kel 2°5 


V-Nacl 2-5 


M/3-K,8SO, 25 


M/4-MgSO, 


Salt. A. 
NV-KC1 8-497 
¥-NaCl 3-29 


M/3-K,SO0, 3-69 


N-KCI 3-497 


N-NaCl 3°22 


M/3 K,80, 3-69 


TaB_e VIII. 
Pyrophosphoric acid mixture (i). 
[H,A”] = [HA’”] = 0-02. 

C.c. added 0-0 0-3 0-5 1-0 

" 0-2400 02625 0-2762 0-3098 

1:29 E.M.F. —0-5922 05886 0-5876 0-559 
Du 5-797 5737 5-720 5-693 

Ks x 107 16-0 18-3 19-1 20-3 


ks X 107 19 2-1 21 2-1 
0-983 E.M.F. 0-5922 0-5838 0-5872 0-5846 

Pu 5-797 5-657 5-714 = 5-670 

K; x 107 16-0 22-0 19-3 21-4 

ks x 107 16 2-1 18 13 
1:48 EMF. 0-5922 0-5911 0-5901 0-5888 

Pu 5-797 5-779 =—-5762— «5-740 

K; x 107 16-0 16-6 17:3 18-2 

ks xX 107 2°2 21 2-2 2-1 

EMF. 0-5922 05755 0-5644 0-5398 

Pu 5-797 5-518 =—5333 4-925 

C.c. added 4-0 5-0 6-0 7-0 

7 0-4573 0-4936 05250 05527 
1:29 EMF. 05798 05788 00-5777 0-5769 

Pu 5590 55735 5555 5-543 

Ks, X 107 25-7 26-7 27-9 28-6 

ks X 10? 2-0 2-0 2-0 2-0 
0-983 EMF. 05755 O0-5737 05718 0-5703 

Pu 5°518 5-489 5-458 5-433 

K,; xX 107 30-3 32-4 34-8 36-9 

ks x 107 1-7 1-7 1-8 1:8 
1:48 E.M.F. 0-5843 0-5838 0-5830 0-5825 

pu 5-666 5-657 85-644 = 5-635 

AK; X 107 216 22-0 22-7 23-2 

ks x 107 2-1 ‘1 21 2-1 


2 
E.M.F. 0-5004 0°4968 0°4941 0-4921 
Pu 4270 4210 4165 4-132 


Mean value of k; = 1:98 x 1077. 


TaBLE IX. 
Pyrophosphoric acid mixture (ii). 


[HA’’’] = parr") = 0-02. 
C.c. added 0-0 0-3 0-5 1-0 
” 03400 0-3598 03715 0-4003 
133 E.M.F. 07410 0-7380 0-7369 00-7335 
Dn 8-307 8256 8-237 8-181 
K,x 10 493 555 87:9 659 
ky x 10 = 18 13 1:3 1-4 
0-687 E.M.F. 07410 07376 + 0-7358 0-7303 
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ky x10 1-41 1-2 1-2 13 
1-74 EMF. 0-7410 00-7392 07384 0-7365 
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ky x 10 1-4 1-4 1-4 1-3 
C.c. added 4-0 5-0 6-0 7-0 
pe 0-5288 05604 05875 0-6115 
133 2E.M.F. 0-7239 0-7222 00-7207 0-7195 
On 8-021 7-991 7-968 7-947 
Ky, X 10? 95-3 102 108 113 
kx 10! 14 1-4 13 1-3 
0-687 EMF. 0-7152 «0-7125 40-7102 060-7084 
Pu 7377 7-830 7-793 7-764 
K, x 10% 133 148 161 172 
ky x 10%°) 1-4 1-4 1-4 1-4 
1:74 EMP. 0-7308 0-7289 00-7282 0-7273 
Pa 8-136 8-104 8-091 8-076 
Ky x 10° 73-1 78-7 81-1 84-0 
kx 10” 13 13 1:3 13 


Mean value of fy = 1-32 x 16719, 
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(2) The limiting dilution error is independent of the strength 
and specific nature of the buffer electrolyte, depending only on the 
valency type. 

(3) The limiting dilution error of a monobasic buffer mixture is 
s= —0-5; that of an n-valent mixture is approximately (2n — 1) 


times as great. 
(4) The neutral-salt error is described by the Debye—Hiickel 


equation in the form p, = px + AV u — Bu. The value of A for 
an n-valent buffer mixture is approximately (n — 0-5). The value 
of B depends on the specific nature of the salt, and on the strength 
and valency of the buffer electrolyte. 

(5) The “thermodynamic dissociation constants ”’ of aspartic 
(ks,), acetic, cacodylic, o-phthalic (k,), «-glycerylphosphoric (k,), 
and pyrophosphoric (ks, k,) acids, and of arginine (/,,) have been 
determined. 


The author wishes to express his indebtedness to the Principal 
ad Head of the Chemical Department for the provision of facilities, 
ad to Dr. J. C. Crocker for the kind interest he has taken in the 
wrk. A grant from the Dixon Fund of the University of London 
is gratefully acknowledged. 
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(LXXXIV.—The Conductivities of Sodium and 
Potassium. Derivatives of B-Ketonic Compounds 
in Alcoholic Solution. 

By Emeen WHITE. 


Tae molecular conductivities of the sodium and potassium 
derivatives of ethyl acetoacetate, acetylacetone, benzoylacetone, 
ethyl isobutyl- and isoamyl-acetoacetate, and also of sodium and 
potassium ethoxides and potassium iodide were determined in 
alcoholic solution at 25° at dilutions of 4 to 1024 litres. The values 
obtained for greater dilutions show considerable deviations due to 
the comparatively large errors unavoidable in such dilute solutions. 

The measurements were carried out by the usual method with 
an induction coil and telephone. The alcohol was purified by 
refluxing with freshly burnt quicklime for 2—3 days, and after 
distillation had a specific conductivity of 0-15 x 10-* mho. 

The solutions of the sodium and potassium f-ketonic derivatives 
were prepared by the addition of the exact amount of alcoholic 
solution of the corresponding ethoxide of known strength to 
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slightly more than the theoretical quantity of the ketonic substance 
also dissolved in alcohol, the solution then being diluted with alcohol 
to the required volume. Dilution of the solutions during. a series of 
conductivity measurements was effected by pipettes. re 

Ethyl acetoacetate was purified by washing, drying, and redistil. 
lation; b. p. 181°. Ethyl isobutylacetoacetate, b. p. 218°, and igo. 
amylacetoacetate, b. p. 228°, were prepared by the method of 
Conrade and Limpach (Annalen, 1882, 244, 137). (The sodioiso. 
amyl derivative was found to be optically inactive.) Benzoyl. 
acetone after recrystallisation had m. p. 60°. Acetylacetone after 
drying and redistilling boiled at, 137°. 

The following tables give the molecular conductivity corresponding 
to dilution v, the values for ethyl sodioacetoacetate in parentheses 
being those obtained when the solvent contained 5-5% of water. 


CH,-CO-CHM-CO-CH;, ©C,H;-CO-CHM-CO-CH;, CH,°CO-CMBué-CO,Et, 

M = Na. M=K. M = Na. M=K. M = Na. M=K. KI. 
5-794 12-096 5-066 10-863 — — Le 
8-254 15-43 7-261 13-968 13-293 16-688 24-64 

11-187 18-89 9-822 17-22 17-155 20-495 27-904 

14-426 22-234 12-736 20-493 21-427 24-22 32-14 

18-116 25-68 16-128 24:00, 25-754 27-891 35-955 

21-82 28-672 19-712 26-70 29-939 30-925 39-54 

25-636 31-565 23-59 29-804 33-485 33-23 42-55 

29-927 33-95 27-34 32-307 36-864 35-84 45-261 

— — a — — 47-104 
— —_ — — , _— 47-514 


CH,+CO-CM(C,H,,)*CO,Et, CH,-CO-CMH-CO,Et, 
M = Na. M=2K, NaOEt. M=Na. M=K. 
108 ( — ) 7-0807 
— —- ‘712 (7-567) 9-190 
13-24 16-341 — -691 (10-688) 12-181 
17-14 19-85 22-83 20-97 -96 (14-080) 15-41 
21-04 23-741 26-40 24-56 12-288 (17-536) 19-09 
24-038 27-674 30-59 28-15, 15°81 (21-376) 23-071 
27-75 31-232 33°31 31-49 19-71 (25-446) 26-598 
30:72 34:570 35-43 34°25 24-34 (29-747) 30-37 
32-932 36-966 37-89 36-66 28-74 (35-533) 33°38 


The experiments show that these substances are conductors of 
electricity in ethyl-alcoholic solution, the molecular conductivity 
being only slightly less than that of potassium iodide. 

Values for the limiting molecular conductivity at infinite dilution, 
as found by extrapolation of the curves obtained by plotting the 
logarithm of the molecular conductivity against the cube root of 
the concentration (which showed only slight curvature for low 
concentrations), were seen, when compared amongst themselves, to 
be inconsistent with the law of independent migration. Thus com- 
plete dissociation is not approached at the maximum /*untion 
used (compare Robertson and Acree, J. Physical Chem., #915, 29, 
381); moreover, the form of the curves indicates that the Change in 
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ductivity with dilution is not wholly due to electrolytic dis- 
xiation. It appears likely that there is a certain amount of 
drolysis of the compounds by the traces of water unavoidably 
resent. Whether there is in addition an “‘ alcoholysis,” with the 


i]. Pmation of sodium ethoxide, could not be determined, for dilute 
igo. @coholic solutions of sodium hydroxide and sodium ethoxide show 


actically the same conductivity. 


The author desires to thank Dr. J. C. Crocker for suggesting the 
bject of this research and for his unfailing interest during its 
ogress. 
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(LXXXV.—Some Thiazole Derivatives. Part II. 
By HERBERT WILLIAM STEPHEN and ForsytH JAMES WILSON. 


Is continuation of Part I (J., 1926, 2531), we have found that 
diaetophenonethiocarbohydrazone reacts in alcoholic solution in 
presence of sodium ethoxide with ethyl «-bromopropionate, ethyl 
rbromo-n-butyrate and ethyl phenylbromoacetate thus, 


PhMe:N-N:C(SNa)‘NH-N:CPhMe + CHRBr-CO,Et — 
CPhMe:N-N:C N-N:CPhMe | y,p. ) KOH 
S:CHR-CO 8 ier , 


ielding 3-phenylmethylmethyleneamino-2 : 4-diketo-5-methyl(or ethyl, 
nw phenyl)tetrahydrothiazole-2-phenylmethylmethylenehydrazone (R = 
fe, Et, Ph respectively). Unlike the parent compound (R = H), 
hese substances could not be satisfactorily hydrolysed by dilute or 
meentrated hydrochloric acid and it was not possible to obtain 
hydrochlorides of the bases (I) or (II), mixtures containing the acids 
HR(SH)-CO,H invariably resulting. 
(L,) NH,N:C- N-NH, CO——N'N H, 
S-CHR-CO S-CHR-CO 
Attempts to prepare the bases (I) by reaction between thiocarbo- 
tydrazide, sodium ethoxide and the foregoing esters or ethyl chloro- 
aetate * in alcoholic solution 


\H,‘N:C(SNa)‘NH-NH, + CHRBr-CO,Et = (I) + NaBr + EtOH 


(II.) 


* By the interaction of thiocarbohydrazide, ethyl chloroacetate and 
Potassium hydroxide Guha and De (J. Ind. Chem. Soc., 1925, 1, 141) 
tbtained a substance quite different from that obtained by us. 
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did not give pure products; these, however, on treatment wit 
benzaldehyde gave the pure dibenzylidene derivatives 
CHPh:N-N-C———_N'\N: CHPh 
S-CHR:-CO 
3-Amino-2 : 4-diketo-5-methyltetrahydrothiazole-2-hydrazone was ob 
tained in the pure condition. 
Further experiments were undertaken, but without success, t 


synthesise compounds containing a thiazole ring fused to anothej 


ring structure, two examples of which were given in Part | 
o-Phenylenethiocarbamide in alcoholic solution in presence of sodiunj 
ethoxide reacted with ethyl «-bromopropionate and ethyl «-bromo 
n-butyrate to give ethyl benziminazolyl-2-«-thiolpropionaie and ethy 
benziminazolyl-2-«-thiol-n-butyrate, respectively (III; R = Me an 
Et). Ring closure of these compounds in benzene solution by mean 
of sodium wire or powder could not, however, be effected. Ben: 
iminazolyl-2-«-thiolpropionic acid and _ benziminazolyl-2-x-thiol-n 
butyric acid have been prepared. o-Phenylenethiocarbamide an 
chloroacetic acid in boiling aqueous solution gave benziminazole-2 
thioglycollic acid (formula as III; R = H). 


CO,Et CO, Et 
(IIl.) C, HES ‘S-CHR CH <OH heres ‘S- tm (IV. 


Methylenethiocarbamide failed to react with ethyl chloroacetat: 
in presence of sodium ethoxide or pyridine. Trimethylenethic 
carbamide reacted w ethyl chloroacetate in hot pyridine solutio: 
giving ethyl 1:4: 5: 6-tetrahydropyrimidine-2-thioglycollate (IV) 
this decomposed on waiees and was insoluble in benzene, the usu 
method of effecting ring closure thus being precluded. 0-Benzoy! 
enethiocarbamide (V) reacted with ethyl chloroacetate in alcoholid 
solution in presence of sodium ethoxide to give an oil which appeare 
to be a complex mixture; fractional distillation in a high vacuw 
failed to effect a separation, but from one of the fractions a sma 
quantity of ethyl 4-keto-3 : 4-dihydroquinazoline-2- “agigconete (VI 

OF dees ea 4 —CO'NH 

(V) CoHi<va.ds Ci —b.8.CH,: CO,Ft 
was obtained. 

Frerichs and Forster (Annalen, 1909, 371, 257) and) Frericl 
and Holler (ibid., 1913, 398, 256) found that hydrazodithi 
dicarbonamide and chloroacetic acid gave in aqueous solution 
compound which they regarded as 3 : 3-bis-y-thiohydantofn : 
NH,°CS:NH-NH-CS-NH, + 2CH,Cl-CO,H = 

NH:C——N-—_N——YO:NH 
bint CO-CH,S 


(VI) 


+ 2H40 + 2HC 
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We obtained the same compound by heating hydrazodithiodi- 
carbonamide with ethyl chloroacetate in alcoholic solution in 
presence of sodium ethoxide. As noted by these authors, this 
compound, although insoluble in all the usual solvents, dissolved in 
sodium hydroxide solution and was precipitated on acidification ; we 
found in addition that if the alkaline solution was boiled for a short 
time and then acidified, no precipitate formed, the solution containing 
thioglycollic acid as shown by Andreasch’s test, rupture of the ring 
having occurred; this test proves the presence of the group C-S-C. 
Boiling with concentrated hydrochloric acid gradually dissolved the 
substance, hydrolysis occurring, the products being hydrazine 
hydrochloride and 2 : 4-diketotetrahydrothiazole. For this reason 
we ascribe to the compound the structure (VII) of 2 : 4-diketotetra- 
hydrothiazole-2-ketazine in preference to that given by Frerichs, 
the hydrolysis taking place thus : 


NH—C:N-NiC-—NH ca ele 
“T) So.cH,S  SCH,co + M20= hong t Nae: 


it is difficult to see how a compound of the aie structure 
ould undergo hydrolysis in this manner. The formation of the 
substance would then be represented thus : 


NH,°CS‘NH-NH-CS:-NH, —~+> 


NH,-C(SNa):N-N:C(SNa)-NH, 


Gacu,crco,ny ‘VY 21) 

Hydrazothiodicarbonamide, NH,*CS‘NH-NH-CO-NH,, did not 
dissolve in alcoholic sodium ethoxide or pyridine. When it was 
boiled in aqueous solution with chloroacetic acid, a white precipitate, 
insoluble in solvents, soon appeared. This was 2 : 4-diketotetra- 
hydrothiazole-2-semicarbazone, formed thus : 
NH,°CS‘NH-NH-CO-NH, —~> NH,°C(SH):N-NH-CO-NH, 
(+ CH,cL00,1) odd, CNNECONH, HCl + H,0. 

The yield was rather poor, and the mother-liquor contained 
2: 4-diketotetrahydrothiazole and semicarbazide hydrochloride, 
evidently produced by hydrolysis of a portion of the substance. 
Boiling with sodium hydroxide solution gave thioglycollic acid, 
showing the presence of the group C*S:C. The structure of the 
compound was proved by boiling with dilute hydrochloric acid, 
which effected hydrolysis into 2 : 4-diketotetrahydrothiazole and 
semicarbazide hydrochloride. 

In continuation of investigations on the thermal decomposition 
of carbohydrazones (J., 1927, 107), the decomposition of some 
thiocarhohydrazones, thiosemicarbazones, and 8-phenylthiosemi- 
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carbazones on. heating was studied, but without very definite’ results, 
Diacetophenonethiocarbohydrazone and bis-dibenzyl ketone thio. 
carbohydrazone were unaffected by prolonged boiling in alcoholic 
solution; at their melting points they gave ketazines as the only 
recognisable products. Acetone-. and  acetophenone-thiosemi- 
carbazones and 3-phenylthiosemicarbazones when heated at or above 
their melting points yielded the ketazines as the only recognisable 
products together with ammonia or aniline and hydrogen sulphide. 


EXPERIMENTAL. 


Reactions with Diacetophenonethiocarbohydrazone.—A suspension 
of this substance in alcohol containing sodium ethoxide (1 mol.) 
was boiled for 10 minutes, ethyl «-bromopropionate (slightly more 
than 1 mol.) was then added, and the boiling continued for 4 hour. 
The liquid was filtered hot from sodium bromide and on cooling 
deposited 3-phenylmethylmethyleneamino-2 : 4-diketo-5-methyltetra. 
hydrothiazole-2-phenylmethylmethylenehydrazone, which crystallised 
from alcohol in prismatic needles, m. p. 150°; yield, 90° (Found: 
N, 15-5; 8,8-7. C,9H,,ON,S requires N, 15-4; S, 8-8%). 3-Phenyl- 
methylmethyleneamino-2 : 4-diketo-5-ethyltetrahydrothiazole - 2 - phenyl - 
methylmethylenehydrazone (needles from alcohol, m. p. 110°) was 
prepared in the same way from ethyl «-bromo-n-butyrate ; yield, 90% 
(Found: N, 15-0; 8, 8-4. C,,H,.ON,S requires N, 14-8; S, 8-5%). 
3-Phenylmethylmethyleneamino-2 : 4-diketo-5-phenyltetrahydrothiazole- 
2-phenylmethylmethylenehydrazone, prepared in the same way from 
ethyl phenylbromoacetate, crystallised from alcohol in prismatic 
needles, m. p. 165°; yield, 80% (Found: N, 13-2; 8, 7-4. 
C.;H..ON,S requires N, 13-1; 8, 7-4%). The three compounds are 
soluble in alcohol, ether, benzene and chloroform, and insoluble in 
light petroleum, 

In a similar way there was produced from thiocarbohydrazide and 
ethyl chloroacetate a white solid, which was very soluble in alcohol, 
pyridine, and water and insoluble in other organic solvents and 
crystallised from alcohol in prismatic needles, m. p. 119—120°. It 
was apparently impure 3-amino-2 : 4-diketotetrahydrothiazole-2- 
hydrazone (I; R=H) (Found: N, 39-5; S, 23-1. C,H,ON,S 
requires N, 38:4; S, 21-9%), but repeated crystallisation with 
change of solvent failed to improve the analytical values. This 
substance gave a dibenzylidene derivative (m. p. 138°) identical 
with that previously prepared from the dihydrochloride (Part I, 
loc. cit.). 3-Amino-2 : 4-diketo-5-methyltetrahydrothiazole-2-hydrazone 
(I; R = Me) was prepared in a similar manner from ethyl «-bromo- 
propionate with addition of a little dry benzene; after removal of 
sodium bromide in the heat and of a little unaltered thiocarbo- 
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hydrazide which separated on cooling, the solution was concen- 
trated in an evacuated desiceator. The solid obtained crystallised 
fom alcohol-light petroleum in rhombic plates, m. p. 100—101°, 
soluble in water and alcohol, insoluble in light petroleum; the yield 
yas small (Found: 8, 20-0. C,H,ON,S requires S, 20:0%). The 
likenzylidene derivative (small prisms from aqueous aleohol, m. p. 
114°) was prepared by heating the base with benzaldehyde in 
icoholic solution (Found: N, 16-7. C,,H,,ON,S requires N, 
167%). 3-Amino-2 : 4-diketo-5-ethyltetrahydrothiazole-2-hydrazone 
yas obtained in poor yield by the preceding method from ethyl 
+bromo-n-butyrate, crystallised from alcohol-light petroleum in 
jistening plates, m. p. 92—93°, and could not be obtained pure 
Found: S, 16-1. C;H,ON,S requires 8S, 18-4%). It is very 
sluble in water and alcohol and insoluble in light petroleum. The 
libenzylidene derivative forms prismatic needles, m. p. 106°, from 
aohol (Found : N, 16-0. .C,,H,,ON,8 requires N, 16-0%). 

Reactions with o-Phenylenethiocarbamide.—An absolute-alcoholic 
slution was boiled with sodium ethoxide (1 mol.) for 10 minutes, 
ethyl «-bromopropionate (1 mol.) was then added, and the boiling 
continued for 4 hour. The solution after removal of sodium bromide 
yas concentrated considerably and then made turbid by addition of 
water. The ethyl benziminazolyl-2-«-thiolpropionate (III1; R = Me) 
which separated on standing crystallised from ether-light petroleum 
in prismatic plates, very soluble in ether, alcohol, and chloroform 
and insoluble in water and light petroleum. Like the corresponding 
)thioglycollate (Part I), this substance appeared to exhibit di- 
norphism ; the stable variety melted at 100° (yield, 90°) (Found : 
N, 11-3; S, 12-8. C,,H,,0,N,S requires N, 11-2; 8, 12-8%). No 
blackening was produced on long heating and standing with alkaline 
lad acetate solution, the absence of the group C:S being thus 
indicated. Hydrolysis with concentrated hydrochloric acid appeared 
to give impure. benziminazoly1l-2-«-thiolpropionic acid, which was 
subsequently obtained pure by another reaction (p. 1420). Ethyl 
benziminazolyl-2-«-thiol-n-butyrate (III; R = Et), prepared in the 
same way from ethyl «-bromo-n-butyrate, showed a similar solubility 
and also appeared to exhibit dimorphism; the stable variety (long, 
prismatic needles from ether—light petroleum) melted at 108—109° 
(yield, 90°) (Found: N, 10-6; S, 12-3. C,,H,,0,N,S requires N, 
10-6; S, 121%). Hydrolysis with concentrated hydrochloric acid 
gave benziminazolyl-2-«-thiol-n-butyric acid [glistening plates from 
water, m. p. 176° (decomp.)], which had an acid reaction and was 
soluble in alcohol and insoluble in benzene and chloroform (Found : 
N,11-9; §, 13°7. C,,H,,0,N.S requires N, 11-9; S, 13-6%). 

Ring closure was attempted with both esters. With the thiol- 
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propionate sodium wire appeared to give promising results. The 


ester was heated in dry benzene solution with an excess of the mete|:§. 


gas was slowly evolved and a yellowish solid appeared, which was 
occasionally detached from the surface of the metal. After 1! 
hours’ heating, the benzene, which contained very little dissolved 
matter, was decanted, and the solid was dried in a desiccator and, 


after a mechanical removal of most of the sodium, dissolved in§; 


* absolute alcohol. The warm solution was neutralised with a few 
drops of concentrated hydrochloric acid and, after removal of 
sodium chloride, concentrated in an evacuated desiccator. The solid 


obtained crystallised from absolute alcohol-light petroleum, melted §§ jadi 


-at 179° (decomp.), and was benziminazolyl-2-«-thiolpropionic acid 
(Found: N, 12-5; 8, 14:5. CjgH,0,N,S requires N, 124; 
S, 14-4%). 

Since it was thought that this acid had been formed by hydration 
of a dicyclic structure, the above procedure was modified by 
neutralising the alcoholic solution with dry gaseous hydrogen 
chloride instead of the aqueous acid; this was attended, even on 
ice-cooling, with the production of a very disagreeable odour 
resembling that of mercaptan. After removal of sodium chloride 
and concentration in a desiccator a yellow gum remained, a hot 
acetone solution of which deposited, on cooling, a white, amorphous 
powder, m. p. 118—119° (Found : N, 10-39%); this was very soluble 
in water and the solution had an acid reaction. The substance was 
not the dicyclic compound and was not identified. The experiment 
was repeated with the thiol-n-butyrate; this gave an amorphous 
powder (from acetone; m. p. 120°) acidic in reaction (Found: \X, 
9-7; S, 10-2°), which was not the dicyclic compound. 

Benziminazole-2-thioglycollic acid was obtained by boiling under 
reflux for 3 hours o-phenylenethiocarbamide and chloroacetic acid 
(1 mol.) in aqueous solution. The crystals deposited on cooling 
melted indefinitely. The first crop obtained by recrystallisation 
from water consisted of needles, m. p. 215°, of the acid ; subsequent 
crops still melted over a range of temperature (Found: N, 13%. 
CyH,O,N,S requires N, 13-5%). 

Reaction with Trimethylenethiocarbamide (Schacht, Arch. Pharm., 
1897, 235, 461).—This substance did not react with ethyl] chloro- 
acetate in alcoholic solution containing sodium ethoxide ; it reacted, 
however, with this ester (1 mol.) in boiling pyridine solution. After 
 hour’s boiling, the dark solution on cooling deposited a brownish 
solid which crystallised from absolute alcohol in small needles con- 
sisting of ethyl 1:4: 5 : 6-tetrahydropyrimidine-2-thioglycollate (IV) 
(Found : N, 13-8; S, 15-8. C,H,,0,N,S requires N, 13-9; 8, 158%). 
Jt was insoluble in the usual solvents except water and alcohol and 
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melted at 256°, decomposing from 200° upwards. Boiling with 
‘Budium hydroxide gave thioglycollic acid, which was detected in 
sf the usual way. 
18 Reaction with Benzoylenethiocarbamide (Rupe, Ber., 1897, 30, 1089). 
_To a boiling absolute-alcoholic solution of the substance, sodium 
,Acthoxide (1 mol.) in aleohol was added, and after 10 minutes ethyl] 
chloroacetate (1 mol.). After boiling for } hour, the solution was 
fitered from sodium chloride and evaporated in a vacuum; a 
nobile oil remained. This was fractionally distilled under very low 
pessure, but the temperature rose throughout without any 
indication that a true fractionation was being effected, and analyses 
of various fractions gave no definite information. Air was bubbled 


26; @ for a short time through one of the higher-boiling fractions; a small 


quantity of solid consisting of ethyl 4-keto-3 : 4-dihydroquinazoline-2- 
thioglycollate (V1) (fine needles from absolute alcohol, m. p. 149°) 
vas deposited (Found: S, 12-1. C,,H,,0,N,8 requires 8, 12-1%%). 
\ benzene solution of the oil, on being heated with sodium wire, 
lowly evolved gas with formation of tar. 

Reaction with Hydrazodithiodicarbonamide (Freund and Wis- 
cewiansky, Ber., 1893, 26, 2877).—To a hot absolute-alcoholic 
lution, sodium ethoxide (2 mols.) in alcohol was added, and after 
\) minutes ethyl chloroacetate (rather more than 2 mols.). After 
| hour’s heating, the bulky white precipitate was collected and, 
being insoluble in solvents, was washed with water (Found: N, 
41; S, 27-6. C,H,O,N,S, requires N, 24:3; S, 27-8%). The 
yield was theoretical. This substance, identical with that obtained 
by Frerichs (loc. cit.), decomposed at a high temperature without 
nelting and is regarded by us as 2 : 4-diketotetrahydrothiazole-2- 
ketazine (VII). It gradually dissolved in boiling concentrated 
hydrochloric acid, and evaporation then gave a solid, from which 
hot chloroform extracted 2 : 4-diketotetrahydrothiazole, which was 
identified by comparison with an authentic specimen; the residue 
was hydrazine hydrochloride, which was identified by conversion 
into benzylideneazine. The compound prepared by Frerichs gave 
thesame products when boiled with concentrated hydrochloric acid. 

Reaction with Hydrazothiodicarbonamide (Freund and Schander, 
Ber., 1896, 29, 2508).—This substance was boiled for a few minutes 
in aqueous solution with chloroacetic acid (1 mol.); a crystalline 
precipitate rapidly formed and was filtered off when cold. This was 
2: 4-diketotetrahydrothiazole-2-semicarbazone and was insoluble in 
organic solvents and only sparingly soluble in hot water, from which 
it separated in small, glistening plates, m. p. 221—222° (complete 
decomp.) after becoming brown at 210° (yield, 35°) (Found: N, 
820; S, 18:5. C,H,O,N,S requires N, 32:2; S, 18-4%). Hydro- 


1422 coppock, SUBRAMANIAM, AND WALKER: THE MECHANISM 
b] > 


lysis with sodium hydroxide gave thioglycollic acid, which was 
recognised in the usual way. The substance was boiled with dilute 
hydrochloric acid, and the residue obtained on evaporation was 
extracted with hot chloroform, which dissolved 2 : 4-diketotetra. 
hydrothiazole, leaving semicarbazide hydrochloride. 
Acetophenone-8-phenylthiosemicarbazone, CPhMe:N-NH:CS:NHPh 
(fine, pale yellow, prismatic needles from alcohol—-benzene, m. p, 
195°) was prepared by boiling the two components in alcoholic 
solution for } hour and was deposited in 95% yield on cooling 
(Found : N, 15-6; S,11-9. C©,,H,;N38 requires N, 15-6; S, 11-99%). 


We wish to thank the Department of Scientific and Industrial 
Research for a maintenance grant and also the Governors of this 
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CLXXXVI.—The Mechanism of the Degradation of 
Fatty Acids by Mould Fungi. Part II. 


By Pure Datton Coppock, ViRA SUBRAMANIAM, and 
THOMAS KENNEDY WALKER. 


THE importance of data obtained from experiments with mild 
oxidising agents at normal temperatures in vitro, as a basis upon 
which to conduct physiological studies of fatty acid catabolism, 
has been stressed by Dakin (J. Biol. ‘Chem., 1908, 4, 227), who 
developed the use of hydrogen peroxide for such purposes. Two 
of the present authors recently indicated (this vol., p. 803) the 
possibilities of the use of mould fungi in investigations of this 
nature, and the inquiry has now been extended to a study of the 
degradations of n-butyric, n-valeric and tsovaleric acids by Asper- 
gillus niger. 

Although numerous investigations have been carried out from 
the standpoint of Knoop’s hypothesis of $-oxidation, the precise 
mechanism of such oxidation of lower normal saturated fatty 
acids in the body is not yet known with certainty, previous experi- 
mental work indicating that the first product may be either a 6-keto- 
acid, or a 8-hydroxy-acid or an «$-unsaturated acid. According to 
Dakin (J. Biol. Chem., 1923, 56, 43), all of these are equally easily 
oxidised by the liver and, moreover, are readily interconvertible, 
hence the uncertainty attaching to the question. We find that 


‘SM 


was 
lilute 
Wag 
etra- 


HPh 
n. p. 
holic 
ling 
9%). 
strial 
' this 

We 
tland 


28] 


of 


OF THE DEGRADATION OF FATTY ACIDS, ETC. PART II. 1423 


when calcium n-butyrate is submitted under appropriate conditions 
to the attack of the mould, acetone is produced, and, according to 
our experimental evidence, the sequence of changes by which it 
arises is : 
butyric acid —-> 8-hydroxybutyric acid —~> acetoacetic 
acid —-> acetone. 


Experiments are now being undertaken to ascertain the behaviour 
of the mould towards $-hydroxybutyric acid. Crotonic acid was 
not detected in the calcium butyrate culture media, neither could 
the mould be induced to grow upon various media containing salts 
of crotonic acid as sole sources of carbon. 

Dakin’s experiments on the oxidation of n-butyric acid with 
hydrogen peroxide (J. Biol. Chem., 1908, 4, 77) having shown that 
attack by this reagent commences initially in two directions, 
namely, at the 8-carbon atom and, to some extent, at the «-carbon 
atom, search was made in the culture media for possible products 
of the «-oxidation of the acid, but without success. 

On a medium containing calcium n-valerate as sole carbon supply, 
Aspergillus niger made satisfactory growth and ultimately a mixture 
of 6-hydroxy-n-valeric acid and methyl ethyl ketone was obtained 
in good ‘yield, but further work will be necessary to determine 
definitely which of these is the first product. 

The study of the action of the mould on isovaleric acid was of 
special interest in view of the fact that the work of Embden, of 
Baer and Blum, and of Friedmann (compare Dakin, ‘‘ Oxidations 
and Reductions in the Animal Body,’ 1922) indicates that in the 
body this acid suffers both §-oxidation and loss of one methyl 
group with ultimate production of acetoacetic acid and hence 
acetone, whereas R. Meyer (Annalen, 1883, 219, 240) found that 
on oxidation in vitro with alkaline permanganate acetone was 
produced by oxidation at the tertiary hydrogen atom and subsequent 
splitting off of the isopropyl group. The source of the acetone is 
therefore different in the two cases. Our experiments on the fer- 
mentation of isovaleric acid have shown that it is degraded in 
accordance with the results of the physiological studies just men- 
tioned, for the following facts were observed and, in our view, are 
capable of no other plausible explanation. On the sixth day after 
inoculation, a culture on calcium isovalerate gave rise to a small 
quantity of a substance which gave the iodoform reaction, and 
another sample of the liquid gave acetone on oxidation. On the 
tenth day, a sample on treatment with benzenediazonium chloride 
and sodium acetate developed a red colour and deposited a minute 
amount of a reddish-brown compound, an indication of the presence 
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of traces of a substance possessing a reactive methylene or methine 
group. This was followed on the sixteenth day by the occurrence 
of acetone in the fermenting medium. Precisely similar behaviour 
towards the diazonium salt was exhibited by the cultures of A. niger 
on calcium n-butyrate media just prior to the appearance therein 
of acetone, the reactive intermediate, presumably acetoacetic acid 
in both cases, having apparently but a transitory existence. 

Processes for the production of acetone by the action of certain 
bacteria on starch or on sugars have been known for some years, 
and recently Challenger and two of the present authors (J., 1927, 
200) were able to show that it can also arise by the action of A. niger 
on citric acid. Its formation from butyric acid by mycological 
agency has not been demonstrated previously, however, neither has 
the production of methy! ethyl ketone by any fermentative organism 
been described. 

EXPERIMENTAL. 

The A. niger strain and the medium (solution M) containing the 
necessary inorganic salts were identical with those employed in 
the work described in Part I (this vol., p. 803). Incubation of the 
inoculated media was carried out at 32° unless otherwise stated. 

Fermentation of Calcium n-Butyrate. Detection of (a) 6-Hydrovy- 
butyric Acid, (b) Acetoacetic Acid, and (c) Acetone.—A solution of 
25 g. of pure n-butyric acid (as calcium salt) in 2500 c.c. of solution M 
was sterilised at 100° for 15 minutes on three successive days. 
After inoculation with spores of the mould the solution was incubated 
and portions were withdrawn daily for submission to the following 
tests : 

(i) 10 C.c. for the iodoform test, which, if positive, would indicate 
the presence of (a), (6) or (c). 

(ii) 20 C.c. were treated with benzenediazonium chloride and 
sodium acetate to detect the appearance of (6). 

(iii) 100 C.c. were distilled and two successive fractions were 
collected. The first fraction (30 c.c.) was heated with 500 c.c. of 
Denigés’ mercuric sulphate solution under reflux on a steam-bath 
(compare J., 1927, 206) to detect acetone and/or acetoacetic acid. 
The second fraction (10 c.c.) was tested similarly in order to ensure, 
in the event of acetone being found in the first fraction, that the 
residue in the distillation flask (60 c.c.) should be quite free from 
acetone. A mixture of this residue (60 c.c.) with 20 c.c. of 50% 
sulphuric acid was then gently boiled and 30 c.c. of 2% potassium 
dichromate solution were added slowly while distillation proceeded. 
The distillate (30 c.c.) was heated with Denigés’ solution (500 c.c.) 
as before. This served to detect the presence of any $-hydroxy- 
butyric acid. By the adoption of this plan the sequence in which 
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the products of oxidation made their appearance in the fermenting 
culture was readily determined. 

On the sixth day after inoculation, test (i) was positive and 
test (iii) indicated the presence of 8-hydroxybutyric acid. On the 
eighth day, test (ii) gave a red solution containing particles of solid 
matter, but in an insufficient amount to justify an attempt to 
convert into a formazyl derivative any acetoacetic acid which 
might be present. A confirmation of the latter reaction was 
afforded by the fact that another portion of the culture, removed 
simultaneously and treated with neutral ferric chloride solution, 
developed a faint purple colour (a reaction of acetoacetic acid). 
This was followed on the eleventh day by a slight evolution of 
carbon dioxide and a positive test for acetone in the culture liquid. 
The whole of the latter was thereupon distilled, the distillate boiled 
with Denigés’ solution, and the resultant copious precipitate washed 
with water, drained on a tile, and distilled, in portions, with sodium 
iodide solution. When treated in the appropriate manner with 
benzaldehyde, caustic soda, and ethyl alcohol, the united distillates 
readily gave dibenzylideneacetone, m. p. 113° alone or mixed 
with authentic material (Found : C, 87-0; H, 6-0. Cale.: C, 87:2; 
H, 60%). 

The quantity of 8-hydroxybutyric acid present at any one time 
in the fermenting medium, prior to the appearance of acetone, was 
very small as judged from the quantities of precipitate obtained 
when the’ oxidised culture samples were boiled with Denigés’ 
reagent. In this case also the mercury compound was distilled 
with sodium iodide solution and the resulting acetone was charac- 
terised as dibenzylideneacetone, m. p. and mixed m. p. 113°. 

In subsequent fermentation experiments with calcium n-butyrate 
it was found that the yields of acetone varied greatly (5% to 60%). 
Further experiments are in progress with other salts of butyric acid 
in order to discover the optimum conditions for production of the 
ketone. 

Fermentation of Calcium n-Valerate.—Isolation of methyl ethyl 
ketone. 2000 C.c. of solution M to which 20 g. of n-valeric acid (as 
calcium salt) had been added were sterilised as in the case of calcium 
butyrate, inoculated, and incubated at 32°. Growth was slow and 
products of enzymic action could not be detected in the medium 
during the first 21 days; vegetative growth then appeared to cease. 
After remaining at 20° for a further 14 days, a test portion having 
given an immediate precipitate on treatment with a solution of 
p-nitrophenylhydrazine acetate, the culture liquid was submitted 
to three careful fractional distillations through a 12-pear Young 
column. The final distillate was turbid, and clarified on the 
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separation of an oil; this was identified as methyl ethyl ketone 
(yield, ca. 50°) by conversion into the semicarbazone, m. p. 143°, 

and into the p-nitrophenylhydrazone (Found: C, 57-7; H, 6-4, Bind. 
Calc. : C, 58-0; H, 63%), m. p. 128°, each of which did not depress 

the m. p. of authentic material. 

Detection of 8-hydroxyvaleric acid. The residue in the distillation 
flask, from which the methyl ethyl ketone had been removed as 
described above, was oxidised by means of the usual mixture of 
sulphuric acid and sodium dichromate, and submitted to distillation; 
a further considerable quantity of methyl ethyl ketone (identified 
in the forms of the p-nitrophenylhydrazone and the semicarbazone) 
was then obtained. A control experiment in which several grams 
of pure n-valeric acid were distilled in the presence of a considerable 
quantity of a similar oxidising mixture gave no trace of methy! 
ethyl ketone. 

Fermentation of Calcium isoValerate. Detection of Acetone ani 
of its Precursors.—The medium used consisted of solution M 
(2500 ¢.c.) to which had been added 25 g. of calcium isovalerate 
(Kahlbaum), and the whole was sterilised and inoculated as before. 
During incubation daily tests were performed as in the case of the 
calcium butyrate cultures. After 6 days, the distillate from an 
oxidised test portion, on being heated under reflux on the steam- 
bath with excess of Denigés’ reagent, gave a white precipitate (A). 
After 10 days, a red coloration and a slight precipitate were pro- 
duced on addition of benzenediazonium chloride and sodium 
acetate, and this behaviour continued until the sixteenth day; 
acetone, in small quantity, was then first detected in the culture. 
In this particular experiment the yields of all three products were 
very small, but in a subsequent fermentation 25 g. of calcium 
isovalerate, after 14 days’ undisturbed incubation, gave 3°5 g. of 
acetone, calculated on the weight of Denigés’ mercury compound 
(B) obtained from it. Both lots (A and B) of mercury compound 
were decomposed separately by treatment with sodium iodide 
solution, and the liberated acetone was characterised in each case as 
dibenzylideneacetone (m. p. 113°) and as the p-nitrophenylhydrazone 
(m. p. 148-5°). In no case did the mixed-m. p. determination show 
depression. The dibenzylidene compound derived from (A) was § 
analysed (Found: ©, 86-9; H, 6-1. Cale.: C, 87:2; H, 60%). 
Blank experiments showed that pure isovaleric acid gives no acetone 
on being heated with a sodium dichromate and sulphuric acid 
mixture of the concentration used in this work. 

(Note added, May 16th, 1928).—Since this paper was prepared 
for publication W. N. Stokoe (Biochem. J., 1928, 22, 80) has made 
known the results of an investigation of the action of moulds, § 5y th 
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incipally of the Penicillium genus, on coco-nut oil. Our attention 
43 also been directed to the observations of H. G. Derx (Proc. K. 
4, ind. Wetensch. Amsterdam, 1925, 28, 96) on the oxidative cleavage 
{fats by fungi and, further, we have noted the very recent work 
W. O. Tausson (Biochem. Z., 1928, 193, 85) on the oxidation of 
axes by micro-organisms. By the employment of experimental 
mditions somewhat different from those adopted by us, in that 
e fermented salts of the fatty acids in the entire absence of any 
ther sources of carbon, Stokoe and Derx obtained methyl ketones 
om several fatty acids which are higher in the series than valeric 
jd and are normally present in the glycerides of coco-nut oil. 
berx did not observe ketone formation, however, when butyric 
nd valeric acids were submitted to the action of cultures of a 
nicillium species in'a glucose medium. In general principle, the 
xperimental results recorded in these papers are in substantial 
geement with those obtained by us, inasmuch as they all demon- 
ate clearly the origin of the methyl ketones found in certain 
lant products (compare Dakin, J. Biol. Chem., 1908, 4, 221). In 
heinterpretation of the precise course of the oxidation in the case 
bf a straight-chain acid we differ from Stokoe and Derx, who 
presume that a 6-keto-acid is the first product, whereas our evidence 
points to the initial formation of a 6-hydroxy-acid and its subsequent 
xidation to the corresponding $-keto-acid. 


Part of the cost of this investigation has been defrayed by a grant 
om the Research Fund Committee of the Chemical Society, which 
gratefully acknowledged. 
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LXXXVII.—Organic Derivatives of Silicon. Part 
XXXVI. Highly Complex Condensation Products 
of Diphenyl- and Di-p-tolyl-silicanediol. Fission 
of the Si-Ph Link. 


by FREDERIC STANLEY Kriprprna and ARTHUR GEORGE MuRRAY. 


HREE open-chain and two closed-chain condensation products of 
iphenylsilicanediol have been described (Kipping, J., 1912, 104, 
(08; Kipping and Robison, J., 1914, 105, 484); all these com- 
ounds crystallise well and their molecular weights have been 
‘termined cryoscopically. 

ulds, f By the action of hot alkalis on diphenylsilicanediol two much 
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more complex substances have been obtained : the one, (SiPh,0 term! 
is practically insoluble in all ordinary solvents, whereas the othg0"™4s 
(SiPh,O),, is appreciably but only sparingly soluble in boil eve” 
benzene, and both seem to be amorphous. The compound (SiPh,( iPh,C 
gives in camphor M = 3900, corresponding with B= 19 or 3 
judging from its insolubility, the other product is even more comple 
The known condensation products of di-p-tolylsilicanediol , 
the open- and the closed-chain compounds formed from th 
molecules of the diol, and a substance (m. p. 186—187°) which product 
probably [Si(C;H,),0], (Pink and Kipping, J., 1923, 123, 2s3gittle a 
Two new substances, which seem to correspond respectively wifpot®ss! 
the two diphenyl analogues described above, have been obtainep the 
The product insoluble in benzene, [Si(C,H,),0]4, gives in camphgre fro 
M = 3450, but the results are not trustworthy owing to the slig olution 
solubility of the substance; the more soluble compound givgttly, 
M = 4150, a value which is probably approximately correct, stance 
If the actual molecular weights are of the indicated order @ Oil) 
magnitude, as seems very probable, the open-chain compousptaine 
HO-SiR,(O-SiR,),."O-SiR,-OH would have practically the sanguhydr 
composition as the closed-chain compound; so that although tigommed 
results of silicon determinations agree very closely in all cases wit omple: 
those required for SiR,O, one or more of the products may hay product 
the open-chain structure; it is also possible that one or more @* adde 
the products may be a mixture. The 
In any case the compounds are not without theoretical interestfé*™ct 
if they consist of closed chains of some 20 —SiR,O- groups, the? '™ 
existence would emphasise the conclusions which may’ be dray hen ” 
from the results of Ruzicka’s work on the cyclic ketones ; if, ont! pesidue 
other hand, they are open-chain compounds, it would seem that tiges™@ct: 
silicanediols, like methylene glycol, may give rise to a very extendapeparat 
series of condensation products. rystall 
In the course of the above experiments and in many previo The i 
investigations in which diphenylsilicanediol, its condensatid but de 
products, and other compounds containing the —SiPh,— group we pmorph 
heated with alkalis, the formation of benzene was never observe 3%) 
Recently, however, it has been found that certain dibenzylsiliet pnd is 


The 
ogethe 


derivatives are decomposed by sodium hydroxide solution wi olves f 
fission of the carbon-silicon binding and it seemed possible th oe th 
dlutior 


diphenyl analogues might behave in a similar manner. ' 

Experiments then showed that diphenylsilicanediol is slovg"*teT ) 
decomposed by 20°, potassium hydroxide solution at 95—100°, i pletely 
evolution of benzene, and it is therefore almost certain that a portit ther s 
of the diol is decomposed in this way during the formation of ttle of 
above-described condensation products. The results of the silict the san 


ORGANIC DERIVATIVES OF SILICON. PART XXXVI. 1429 


iPh,O sterminations seem, however, to prove conclusively that the com- 
e othgounds in question contain two aryl groups for every silicon atom ; 

boilig even one phenyl group were displaced by hydroxyl in a compound 
3iPh,( iPh,O)o9, the percentage of silicon would be raised to 14-5. 


) or 
omple 
diol aj The two diphenylsilicanediol derivatives are precipitated, 
m thypegether with smaller quantities of the more soluble condensation 
which Products, when diphenylsilicon dichloride (10 g.), dissolved in a 
}, Qggqmttle acetone, is gradually added to a 10% aqueous solution of 
aly wigpotassium hydroxide (200 c.c.) and the clear liquid is then evaporated 
btainegn the water-bath to about 75 c.c.; the solution is then practically 
amphgree from diol. The insoluble products are not formed if the original 
1¢ sligolution is merely heated at 100° on a reflux apparatus, as, appar- 
d giv ntly, a certain concentration of alkali must be reached. For 
ot. wstance, with a 24% solution of alkali under the conditions stated, 
der @2 Oily product, probably dianhydrotrisdiphenylsilicanediol, is 
mpoumpbtained, whereas with a 5%, solution, crystalline products (tri- 
» sanfpnhydrotris- and tetra-anhydrotetrakis-diphenylsilicanediol) are 
agh tigormed and these are only very slowly converted into the more 
es witgeomplex substances by further evaporation at 100°. The insoluble 
wy hayproducts are also formed when a 5%, solution of potassium hydroxide 
nore #8 added rapidly to diphenylsilicon dichloride. 
The precipitate is repeatedly washed with water and then 
sterestfextracted in a Soxhlet apparatus with acetone during 6—8 hours 
ys, thegeo remove the lower condensation products. The extraction is 
 dravgthen continued with boiling benzene during 2—3 days and the 
ontipesidue (A) is finally extracted with boiling water. The benzene 
hat tgextracts when cooled deposit a gelatinous product (B), which is 
ctendapeparated by filtration: the mother-liquors contain traces of the 
rystalline condensation products. 
reviog The insoluble residue (A) is colourless and does not melt at 360°, 
nsatiqeut decomposes at much higher temperatures; it seems to be 
ip we mmorphous (Found: Si, 14-2, 14-2, 14-1. SiPh,O requires Si, 
serve t2°%). It is practically insoluble in all the ordinary solvents 
Jsilicg’™d is only very sparingly soluble in melted camphor, but it dis- 
n wig’lves freely in boiling aniline; from this solvent it separates again 
Je tha*hen the solution is cooled as an amorphous powder even after the 
lution has been boiled during 2 hours, but in presence of a little 
slovg"ater it undergoes hydrolysis and in the course of 4 hours is com- 
)°, wigpletely decomposed, giving trianhydrotrisdiphenylsilicanediol and 
rtigether soluble condensation products, together apparently with a 
‘of tittle of the substance (B). Its behaviour towards phenol is much 
silicgtte same as towards aniline. It is not appreciably changed when 


EXPERIMENTAL. 
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it is boiled with a 5% solution of potassium hydroxide in aqueo 
acetone during several hours, but when heated with very coy 
centrated alkali at 150° it is slowly decomposed, giving benzen 
and a silicate. 

The product (B), which forms only a very small proportion ¢ 
the original mixture, separates from benzene or chloroform in 
gelatinous form, but soon becomes brittle as the solvent evaporates 
giving a colourless, apparently amorphous powder (Found: §j 
14-2, 14-2. SiPh,O requires Si, 14-3%. M in camphor 3900, 3710) 
It is practically insoluble in acetone, alcohol, ether, etc., and j 
only sparingly soluble in benzene and chloroform. It begins t 
sinter at about 300° and gradually liquefies at a considerably highe 
temperature. It is very slowly hydrolysed by an acetone solutia 
of potassium hydroxide, giving a salt of diphenylsilicanediol. 

Di-p-tolylsilicon dichloride, dissolved in a 10% aqueous solutioy 
of potassium hydroxide (25 parts), gives first an oily and finally ; 
solid product when the solution is evaporated on the water-bath 
and practically the whole of the diol undergoes condensation. The 
solid is washed with water and then extracted with boiling acetone 
which dissolves a little of the compound, m. p:.186—187° (loc. cit.) 
and some oily matter. When the residue is extracted with boiling 
benzene, about one half of it, [Si(C;H,),0],, dissolves, leaving the 
product [Si(C,H,),0],, which is again extracted with water. 

The insoluble substance, [Si(C;H;),0],4, is a colourless, amorphou: 
powder, not appreciably soluble in the common solvents [Found 
Si, 12-5. Si(C,H,),0 requires Si, 12-56%. M = 3450]. It shows 
signs of sintering at 270°, but it is not completely melted at 360° 
When it is boiled with a 5° aqueous solution of potassium hydroxide 
it is not appreciably changed. 

The benzene extract. (see above), when evaporated or mixed with 
petroleum, gives a gelatinous solid similar to the corresponding 
diphenyl compound [Found: Si, 12-4. Si(C,H,),0 requires §, 
12-5%. M = 4150]. It sinters at about 260°, but does not melt 
completely at 360°; it is readily soluble in camphor, benzene, and 
chloroform, but is practically insoluble in acetone; it is only very 
slowly hydrolysed by a 5% solution of potassium hydroxide in 
aqueous acetone. 

The fission of the Si-Ph binding was proved by heating diphenyl- 
silicanediol with a 20°% aqueous solution of potassium hydroxide 
the water-bath under reduced pressure, and collecting the benzene 
in wash-bottles containing nitric and sulphuric acids. After 3 hours 
heating, the quantity of benzene produced, estimated as the dinitro- 
derivative, was about 1°% of the diol used, and the alkaline solution 
gave at once a heavy precipitate with acids. On prolonged heating, 
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however, the filtered alkaline solution gave no immediate pre- 
cipitate when acidified, and the flocculent deposit which gradually 
formed was insoluble in organic solvents and seemed to consist 
principally of silica. 

UNIVERSITY COLLEGE, NOTTINGHAM. [Received, March 24th, 1928.] 


(LXXXVIII.—Organic Derivatives of Silicon. Part 
XXXVII. The Production of Tetrabenzylsilicane, 
Tribenzylsilicyl Oxide, and Other Products by the 
Action of Sodium on Dibenzylsilicon Dichloride. 


By ALFRED RAYMOND STEELE and FREDERIC STANLEY KIPPING. 


Tue reactions which occur when dibenzylsilicon dichloride in toluene 
solution is treated with sodium and potassium in absence of oxygen 
are very complex and the final results are quite different from those 
obtained with diphenylsilicon dichloride (Kipping and Sands, J., 
1921, 119, 830, 848; Kipping, J., 1923, 123, 2590, 2598; 1924, 
125, 2291; 1927, 2719). No silicohydrocarbon corresponding with 
one or other of the four (A, B, C, D) diphenyl compounds (SiPh,), 
has been isolated; the soluble product contains a very small pro- 
portion of tribenzylsilicyl oxide, [Si(CH,Ph),],0, and about 15% 
of tetrabenzylsilicane, the rest consisting of a glue-like or resinous 
substance. 

The formation of the tri- and tetra-benzyl derivatives involves 
that of a corresponding quantity of material rich in silicon, which 
is insoluble in toluene and other solvents; this product is variable 
in composition and seems to be composed of compounds which 
contain less than one benzyl group for each silicon atom. 

The synthesis of the tri- and tetra-benzyl derivatives is doubtless 
due to the formation. of sodium or potassium compounds at some 
stage of the interaction and it may therefore be suggested that 
the >Si(CH,Ph), groups of some of the intermediate products give 
>Si(CH,Ph)Na and CH,PhNa; the latter reacting with unchanged 
dichloride would then yield the tetra- and tri-benzyl derivatives, 
and the products containing the >Si(CH,Ph)Na complexes, on 
treatment with water, would give the material insoluble in toluene 
and rich in silicon. The great difference between the products 
from diphenyl- and those from dibenzyl-silicon dichloride would 
thus be due to the relative instability of the >Si(CH,Ph), complex 
towards alkali metals. 

The resinous product, separated from the tetrabenzylsilicane 
(and tribenzylsilicyl oxide) by systematic fractionation, is somewhat 
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similar in outward properties to the non-crystalline substance 
obtained from diphenylsilicon dichloride (J., 1927, 2719). When 
alcohol is added to its acetone solution, it is precipitated as an oil 
which gradually hardens to a resin, but it may be obtained as a 
highly lustrous flaky solid by frothing its ethereal solution. 

A prolonged investigation of this product has given results 
which seem to prove that it is an octabenzylsilicotetrane oxide, 
[Si(CH,Ph),],0, mixed possibly with. analogous oxides; since 
successive fractions are practically identical in composition, it may 
be concluded with some confidence that they are homogeneous or 
if not that they consist entirely of very nearly related substances. 

The proportion of oxygen in a compound [Si(CH,Ph),],0 is so 
small (1-8%) that its estimation by difference might give very 
untrustworthy results; it seems certain, however, that the fractions 
do not consist of silicohydrocarbons, because when decomposed 
with alkalis they all give a hydrogen value (J., 1921, loc. cit.) of 
about 80, corresponding closely with that (79) required for 
[Si(CH,Ph),],0 + 7H,O = 48i(CH,Ph),(OH), + 3H, and widely 
different-from that (107) required for [Si(CH,Ph),],. This result 
is certainly not due to the presence of tetrabenzylsilicane or 
tribenzylsilicy] oxide, and it seems most improbable that all the 
fractions could consist of a mixture of silicohydrocarbons with 
about 20% of dibenzylsilicanediol or its condensation products, 
quite apart from the difficulty of accounting for the formation of 
the diol; the amorphous product must therefore be regarded as 
the oxide [Si(CH,Ph),],0. 

The source of the combined oxygen in this resinous substance 
and in the tribenzylsilicyl oxide has not been traced. Dibenzyl- 
silicon dichloride, unlike the diphenyl analogue, is easily obtained 
free from ethoxy-compounds, and only pure material was used; 
further, after some preliminary experiments had shown the form- 
ation of tribenzylsilicol, the interaction with sodium was carried 
out in an atmosphere of nitrogen, oxygen and moisture being 
carefully excluded. Nevertheless, when the original toluene 
solution, filtered as far as possible in an atmosphere of nitrogen, is 
rapidly evaporated under reduced pressure and the residue mixed 
with dry ether, the solution usually gives a precipitate of tribenzyl- 
silicyl oxide. Now the 0-02 g. of oxygen in the oxide thus obtained 
might originate in traces of moisture in the materials and apparatus 
and from traces of dibenzylsilicon hydroxychloride, 

Si(CH,Ph),(OH)CI, 
in the dichloride ; but the 0-3 g. of oxygen contained in the fractionated 
product from 50 g. of the dichloride must have some other source. 
Analytical results seem to prove that the oxygen is taken up before 
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exposure to the air or to any solvents containing water; moreover, 
the freshly prepared product (containing tetrabenzylsilicane) seems 
to be inert towards atmospheric oxygen, even at 100°, and does not 
combine with iodine to an appreciable extent; presumably, there- 
fore, the oxygen in the fractionated product is not due to the action 
of the air or of aqueous solvents on some unstable compound con- 
taining tervalent silicon analogous to octaphenylsilicotetrane (A). 

When the original toluene solution contained in a flask filled with 
nitrogen is poured on to a dry filter, a vigorous effervescence is often 
observed not only on the filter but also in the filtrate (collected in 
nitrogen). This gas evolution, which soon ceases, is apparently 
due to the admission of moisture, whereby the metallic derivatives 
in solution or in suspension are decomposed with the formation of 
alkali hydroxide; the latter then reacts with some unstable silicon 
compounds, possibly containing Si(CH,Ph),H groups, with liberation 
of hydrogen and formation of oxides : 


-Si(CH,Ph),H -Si(CH,Ph 


= ) 
-Si(CH,Ph),H + 429 = -sicHiph),>° + 2He- 


The effervescence thus brought about is very transitory, and in 
most experiments any further action of alkali was inhibited by the 
addition to the filtrate of a few drops of acetic acid; it is therefore 
almost impossible to believe that the whole of the oxygen in the 
product originates in this way, and the only reasonable suggestion 
sems to be that it is obtained from oxides present in the alkali 
metals. So large a proportion of these metals is used that even 
about 3°, of oxygen would be sufficient to account for the results. 
From the whole of the evidence it is inferred that during the earlier 
stages of the interaction, the dibenzylsilicon dichloride is converted 
into Si(CH,Ph),Cl-Si(CH,Ph),Cl and then into 
Si(CH,Ph),Cl-Si(CH,Ph),°Si(CH,Ph),°Si(CH,Ph),C1 ; 
the latter, instead of giving the open- and closed-chain compounds 
corresponding with octaphenylsilicotetrane (A) and octaphenyl- 
cyclosilicotetrane (B), is partly decomposed by the alkali metals, 
giving sodium benzyl and products rich in silicon, the rest reacting 
with alkali oxides to form octaphenylsilicotetrane oxide: the 
sodium benzyl with unchanged dichloride gives tetrabenzylsilicane 
and tribenzylsilicyl chloride, the latter being then transformed into 
the oxide: 2Si(CH,Ph),Cl + Na,O = [Si(CH,Ph),],0 + 2NaCl. 
Some of the evidence on which these views are based is derived 
from the results of parallel researches now in progress; an account 
of these will be published later and it is hoped that light may then 
be thrown on the unsolved problems of this investigation. One 
interesting question is, Why is the oxide [Si(CH,Ph),],0 amorphous ? 
3B 
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The corresponding phenyl derivative, (SiPh,),O, is crystalline and 
melts above 200°; possibly, therefore, the benzyl compound exists 
in two forms, analogous respectively to the crystalline and the 
amorphous variety of octaphenylcyclosilicotetrane. 

The many difficulties met with in this work have been enhanced 
by the unsuspected fact that some benzyl derivatives of silicon are 
easily attacked by alkalis, with fission of the carbon-silicon binding; 
dibenzylsilicol, for example, is decomposed into toluene and silica 
or benzylsiliconic acid at temperatures below 100°. 


EXPERIMENTAL. 


All the dibenzylsilicon dichloride used in these experiments 
was very carefully purified, first by distillation,* and then by 
recrystallisation from light petroleum; it melted at 47—48° + and 
was completely soluble in a cold aqueous solution of potassium 
hydroxide, showing its freedom from tri- and tetra-benzy] derivatives. 
All samples gave 25-0—25-1% of chlorine [Si(CH,Ph),Cl, requires 
Cl, 25-2%]. 

Sodium (2} atoms), freshly freed under toluene from superficial 
oxide, is quickly added to a solution of the dichloride (1 mol.; 
50 g.) in dry toluene (500 c.c.) contained in a flask through which 
dry nitrogen ¢ is immediately passed, and after all the air is expelled, 
heat is applied. A reaction starts when the toluene nears its 
boiling point, a dark brown, almost black crust being formed on 
the globules of sodium ; later on, the flask is vigorously shaken from 
time to time in order to expose fresh surfaces of the metal. After 
some 20 hours of gentle ebullition a test portion of the filtered 
yellow solution usually shows the presence of silicon halides, and 
gives with water an acid reaction and a precipitate with silver 
nitrate solution. As such halides or the hydroxy-compounds to 
which they would give rise would have contaminated the product, 
and as their complete removal with sodium takes a very long time 
—during which there is a constant danger of a fracture of the flask 
—potassium (1—2 g.) is now added and the boiling continued during 
about 5 hours until the decomposition is complete. The toluene 
solution is then pale yellow, or it may have acquired a mahogany 
colour; in the former case, it gives a neutral, in the latter a strongly 


* The fractions of low boiling point gave ethyl alcohol on hydrolysis and 
doubtless contained ethoxy-derivatives (compare Kipping and Murray, J., 
1927, 2734). 

+ The melting point (50—52°) given by Martin and Kipping (J., 1909, 9. 
307) seems to be rather too high. 

} Earlier unpublished experiments carried out by Dr. Robison and one 
of us having shown that tribenzylsilicol could be isolated from the reaction 
product, it seemed advisable to exclude oxygen. 
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alkaline, aqueous extract when a filtered portion is shaken with 
water, but in either the extract is free from chlorides. When cold, 
the contents of the flask are quickly transferred to a filter, so enclosed 
between two desiccator covers that the whole operation can be 
conducted in a stream of nitrogen. The toluene filtrate, immedi- 
ately evaporated under reduced pressure, gives a thick yellow or 
mahogany-coloured oil, described later (p. 1436). In the case of the 
mahogany-coloured solutions the momentary exposure to the air 
during their transference to the filter sets up the brisk effervescence 
referred to on p. 1433. 

The Insoluble Product.—The bulky dark brown mass on the filter 
is well washed with toluene * and is then cautiously added to cooled 
alcohol containing a permanent excess of acetic acid in order to 
avoid the decomposition of silicon compounds by alkali. The 
metals having been transformed into their acetates, water is added 
to dissolve the dark brown mass of halides; there results a colourless 
solution containing in suspension a flocculent or granular material, 
which is separated by filtration, well washed with water, and then 
extracted with hot acetone to free it from a small proportion of 
glue-like matter. 

This product is a slightly greyish powder, insoluble in all common 
solvents, including boiling phenol, aniline, etc., and it does not 
give hydrogen when it is heated with an acetone or alcoholic solution 
of potassium hydroxide. Different preparations contained 28—34% 
of silicon [SitCH,Ph requires Si, 23-5%. (CH,Ph°SiO),O requires 
Si, 19-89%], and when evaporated two or three times with hydro- 
fluoric acid they left from 12 to 17% of a dark carbonaceous residue 
free from silicon; it was therefore impossible to prove the presence 
of silica. It is clear, however, that this product bears no relation 
to the insoluble substance (D) obtained from diphenylsilicon di- 
chloride (loc. cit.) ; possibly it is a mixture of silica and condensation 
products of benzylsiliconic acid from the action of water on sodium 
silicide and sodium benzylsilicide, respectively. 

The yield of this material is about 1 g. from 50 g. of the dichloride ; 
its total silicon content corresponds roughly with that calculated 
from the estimated weight of the tetrabenzylsilicane which is 
produced in the reaction. 

Isolation of Tribenzylsilicyl Oxide.—In the first experiments 
carried out in nitrogen the yellow toluene filtrate of the crude 
product kept in a closed flask deposited crystals of tribenzylsilicyl 
oxide in the course of some days; as this might have been the result 
of atmospheric oxidation, in later experiments the solution was 


* As air is admitted during this operation, the washings are not added to 
the original filtrate. 
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immediately evaporated and the oily residue mixed with dry ether 
(6—8 vols.), the air in the flask being displaced by nitrogen. The 
crystalline product (about 1 g.) then precipitated was, after recrystal- 
lisation, fully identified as tribenzylsilicyl oxide by its melting point 
(205—206°), analysis {Found: §8i, 9-1. Cale. for [Si(CH,Ph),],0: 
Si, 91%}, direct comparison, and a mixed melting point determin- 
ation. 

The Main Components—The yellow oil, obtained from the 
ethereal filtrate, slowly changes to a transparent resinous mass as 
the last portions of solvent volatilise. This material is miscible 
with all the common solvents with the exception of alcohols, acetic 
acid, and light petroleum, in which it is only sparingly soluble. In 
benzene solution it does not combine with iodine to an appreciable 
extent and seems, therefore, to be free from compounds containing 
tervalent silicon. It does not seem to undergo atmospheric oxid- 
ation even at 100°, but its glue-like character and the tenacity 
with which it retains solvent preclude accurate gravimetric or 
volumetric determinations, and it is possible that some slight 
oxidation may occur. Its acetone solution reduces silver nitrate 
in a marked manner, but no definite oxidation product could be 
isolated. Various preparations, freed from solvent by exposure to 
reduced pressure during many days, gave 31-9 to 12:2% of silicon, 
and hydrogen values of 58—60 [Si(CH,Ph), requires Si, 13-4%; 
H.V., 107]; these results are considered later (p. 1438). 

Isolation of tetrabenzylsilicane. The crude product is fractionally 
precipitated with alcohol from its solution in cold acetone and is 
thus directly separated into 8—12 portions, each of which is system- 
atically treated in a similar manner many times, but without 
increasing the number of fractions. The precipitate is an oil in all 
cases, but, as the oil is mixed with a considerable proportion of 
solvent, each precipitation gives a very partial separation. After 
these operations the solutions of the two or three more soluble 


portions deposit a crystalline compound which, after recrystallis- § 


ation from chloroform and light petroleum, melts at 128—129° and 
is further identified as tetrabenzylsilicane by analysis [Found: 
Si, 7-15. Cale. for Si(CH,Ph), : Si, 7-2%]. 

The quantity of tetrabenzylsilicane which can be isolated is 
about 4—5 g. from 50 g. of the dichloride, but a little no doubt 
remains in the neighbouring fractions of the glue-like matter; 50 
far as can be ascertained, the crude soluble product, after removal 
of the tribenzylsilicyl oxide, contains about 15% of the tetrabenzyl 
compound. 

The principal product. The 8—10 less soluble fractions, from 
which no further crystalline deposits are obtained by continued 
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operations, consist of thick oils which gradually harden to trans- 
parent or translucent, brittle masses. The least soluble (I) and 
the next two (II, III) are frothed up (Kipping, J., 1927, 2719), and 
the resulting scaly products—which look beautifully crystalline to 
the unaided eye—freed from solvent in a vacuum—an operation 
lasting many days. Such preparations melt indefinitely over a 
range of 10° between 40° and 60°, show no sign of crystalline structure 
under the microscope, and give the following analytical results : 


Fraction. i... Ct. a0 
78-3 5-8 
; 78-1 . 
EL,» :<sisbiaditaiebadeteesiabesiemepicebamisiel , — 
(Si(CH,Ph),], requires ° 80-0 
(Si(CH,Ph),],0 requires : 78-5 
(Si(CH,Ph),],0 requires . 78-0 
Si(CH,Ph),O requires ° 74-0 


These data seem to show that the three fractions are practically 
identical in composition and even the more soluble ones (IV, V) 
give only slightly lower hydrogen values and contain a slightly 
larger proportion of oxygen; the fractions I—ILII, therefore, are in 
all probability homogeneous, or else composed of mixtures of closely 
related compounds. Analytical data practically identical with the 
above were given by fractions from other preparations in which 


the ethereal solution of the crude yellow product was precipitated 
with alcohol; some of these fractions were systematically extracted 
with boiling light petroleum or boiling alcohol, but in no case was 
it possible to obtain the principal component in a crystalline form. 

From the above results, especially the hydrogen values, it must 
be concluded either that the main products are oxides or that, if 
they consist principally of silicohydrocarbons [Si(CH,Ph),],, the 
latter must be mixed with about 20°% of some impurity which does 
not give hydrogen with alkali. But it can be shown that the 
preparations do not contain any substance [Si(CH,Ph),], analogous 
to (C) which resists fission, because they can be completely converted 
into compounds soluble in aqueous alkali (p. 1438) ; unless, therefore, 
the impurity in question is dibenzylsilicol or one of its condensation 
products, the presence of which is not excluded by this fact, the 
preparations cannot consist of [Si(CH,Ph),]n- 

Now it is difficult to believe that a mixture of silicohydrocarbons 
and dibenzylsilicol (or condensation products thereof) would remain 
constant in composition after exhaustive fractionation; and to 
assume that such impurities are present would necessitate the 
conclusion that a large proportion of the original product 
(Si(CH,Ph),], undergoes fission during its treatment with acetone 
and alcohol. Further, the original product gives a hydrogen 
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value (58—60) much lower than that of a mixture of [Si(CH,Ph),}, 
with the estimated proportion of tetrabenzylsilicane; if free from 
oxygen, therefore, it must contain about 50% of Si(CH,Ph),, in 
which case it would give only 10-3% of silicon instead of 11-9—12-2 
as actually found (p. 1436). 

For these reasons it is concluded that the main product consists 
of the oxide [Si(CH,Ph), |,0, formed in the manner already suggested. 

Products from Mahogany-coloured Solutions.—The rapid darkening 
of the toluene solutions observed in some cases occurs only towards 
the end of the experiment; it seems very probable, however, that 
the soluble sodium compounds, to which the colour is due, may be 
formed at much earlier stages, but are decomposed again so long 
as any halogen remains combined with silicon. The residue, 
obtained by filtering and evaporating the solution in absence of air, 
mixed with ether, gives a dark, flocculent substance (about 1 g. from 
50 g. of the dichloride), the solution losing its colour. 

This product was soluble in chloroform, from which it separated 
as a blood-red resin; treated with acetic acid, it gave a colourless, 
glue-like mass, from which nothing crystalline was obtained. The 
ethereal filtrate from the dark precipitate did not give any appre- 
ciable quantity of tribenzylsilicyl oxide, but the yellow oil obtained 
from it, systematically fractionated in the manner described above 
(p. 1436), gave the usual proportion of tetrabenzylsilicane. Analyses 
of the less soluble fractions showed that they had hydrogen values 
considerably lower than the corresponding preparations from 
the yellow toluene solutions; the data indicated mixtures of 
[Si(CH,Ph),],0 and [Si(CH,Ph),],0,. It seems, therefore, that 
when the heating is continued beyond a certain stage some of the 
oxide [Si(CH,Ph),|,0 is converted into sodium or potassium 
derivatives from which other oxides are subsequently formed. 


Fission of the >Si-CH,Ph Linkage. 

During the early stages of this work it seemed that the 
main product from the dichloride must be a_ silicohydrocarbon 
([Si(CH,Ph).], and that the low hydrogen values might be due 
to the presence of some 20% of a compound [Si(CH,Ph),], which, 
like the substance (C) from diphenylsilicon dichloride, was not 
attacked by alkalis. 

Various samples of the fractionated substance were therefore 
heated with aqueous acetone and alkali until effervescence ceased; 
the acetone was then evaporated and the aqueous solution of the 
sodium derivative of the diol filtered from insoluble matter. By 
one such treatment, only a portion of the material was obtained 
in a soluble form, because of the formation of condensation products 
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of the diol; after repeated operations, however, practically the 
whole was obtained in aqueous alkali solution, the residue (less than 
1%, if any) consisting of tribenzylsilicyl oxide. Some of the 
aqueous alkaline solutions obtained in this way gave with acids a 
bulky precipitate of dibenzylsilicol; but others did not: the latter, 
after variable periods, deposited gelatinous matter which was 
insoluble in organic solvents, but soluble in caustic alkalis; various 
samples of this product gave 26—36% of silicon [Si(CH,Ph),O 
requires Si, 12-4%], results which indicate mixtures of silica with 
condensation products of CH,Ph-Si(OH),. 

Further experiments showed that toluene was formed when the 
fractionated resin was heated on a water-bath during about } hour 
with piperidine and a 5% aqueous solution of sodium hydroxide ; 
and that the percentages of silicon in the gelatinous matter just 
referred to depended on the duration of the treatment with acetone 
and alkali. 

This unsuspected instability of the Si-CH,Ph binding towards 
alkali * is also shown by the fact that when dibenzylsilicol is heated 
on a water-bath with a 5—10% solution of sodium hydroxide in 
aqueous acetone during about 30 minutes it is almost completely 
decomposed with formation of toluene; the gelatinous precipitate 
obtained by acidifying the solution gave Si, 42-7°%, whereas SiO, 
requires Si, 46-9%. 


The authors are indebted to the Government Grant Committee 
of the Royal Society for a grant in aid of this investigation, and 
to the Department of Scientific and Industrial Research for a 
maintenance grant to one of them. 
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CLXXXIX.—The Catalytic Oxidation of Nitro- and 
Halogen Derivatives of Toluene by Means of Arr. 


By EpwarpD BrapForp MaxtTep and ARTHUR NORMAN DunsBy. 


By the oxidation of aromatic hydrocarbons containing a side chain, 
by means of air in the presence of vanadium compounds, carboxylic 
acids are obtained as in the wet oxidation with chromic acid or 
permanganate. For instance, Walter (J. pr. Chem., 1895, 51, 107) 
found that benzoic acid, together with benzaldehyde, could be 


* It has been previously shown that a compound containing the 
Si-CH,-C,H,SO,H group may be decomposed by alkalis, giving toluene- 
sulphonic acid (Kipping, J., 1908, 98, 472). 
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obtained by passing a mixture of toluene vapour and air over heated 
vanadium pentoxide; and the reaction has more recently received 
renewed attention with a view to its technical application. The 
oxidation of alcohols and aldehydes in a similar way is also well 
known; for instance, Naumann, Moeser, and Lindenbaum (ibid, 
1907, 75, 149) prepared acetic acid and acetaldehyde by leading a 
mixture of ethyl aleohol vapour and air over vanadium pentoxide 
in a combustion tube. 

It was considered of interest to ascertain whether the method 
could be extended to substances other than oxy-compounds and 
hydrocarbons, and, in the work here described, the reaction has been 
applied to aromatic derivatives containing, in addition to a methy| 
group, a halogen atom or a nitro-group attached to the nucleus. 
It was found that the side chain could be oxidised to carboxy], as 
in the wet oxidation method, without the splitting off of the halogen 
or the nitro-group, a fair yield of the corresponding acid being 
obtained. | 

EXPERIMENTAL. 

The catalyst employed consisted of granular tin vanadate, which 
was contained in a glass U-tube immersed in a bath of fused sodium 
and potassium nitrates, the volume of the catalyst space being 10 
c.c.ineach case. Air, from a reservoir under pressure, was led, ata 
rate measured by a velocity meter of the constricted tube type, 
through a small wash-bottle, which contained the substance to be 
oxidised and acted as a carburettor, and thence through the catalyst 
tube. The products of oxidation passed into a small tubular 
receiver, which could be detached for weighing before and after each 
experiment. The rate of passage of the substance undergoing 
oxidation was regulated by maintaining the carburettor at a suitable 
temperature, which was determined by means of preliminary 
experiments for each substance tested. 

Oxidation of p-Nitrotoluene.—For the 10 c.c. of catalyst used, a 
suitable rate of passage of air through the small bubbling tube con- 
taining the p-nitrotoluene was found to be 10 litres per hour, the 
carburettor temperature being 80—100°. The product consisted 
of p-nitrobenzoic acid, unchanged p-nitrotoluene, and some p-nitro- 
benzaldehyde, and it was sufficiently free from acidic decomposition 
products—for instance, oxides or oxy-acids of nitrogen—to render 
possible the determination of the p-nitrobenzoic acid content by 
simple titration. From a filtered alkaline solution of the product, 
by acidification with hydrochloric acid, pure p-nitrobenzoic acid 
(m. p. 237°; M, 167) was obtained. 

In order to determine the most suitable catalyst temperature, 
a series of experiments with a uniform carburettor temperature of 
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93° was Carried out. Under these conditions, with the air at a rate 
of 10 litres per hour, about 0-3 g. of nitrotoluene passed the 10 c.c. 
of catalyst per hour. The percentage yields (a) of p-nitrobenzoic 
acid are in Table I, ¢ denoting the temperature of the catalyst. 


TABLE I. 


270° 275° 280° 285° 290° 310° 
14-0 15-0 14-0 16-0 15°6 11-2 


It will be seen that the reaction begins below 260°, and that for 
catalyst temperatures from 270° to 300° the yield remained fairly 
constant at 14—16%. 

The oxidation of o-nitrotoluene was also examined; but much 
decomposition occurred at catalyst temperatures sufficient to cause 
oxidation, and little or none of the corresponding acid could be 
isolated. 

Qxidation of o-Bromotoluene.—Under similar conditions to those 
wed for p-nitrotoluene, the following results were obtained with a 
carburettor temperature of 60°. 


TaBLeE II. 


275° = 285°. «290° = 295° 300°. 305° 
13-7 21-0 24:3 14-0 7:8 6-3 


Some hydrogen bromide was also formed by decomposition ; but, 
since o-bromobenzoic acid is not very soluble in cold water, it was 
found possible to correct for this mineral acid by titrating the 
mixture with standard alkali first in the cold and then boiling, the 
difference between the two end-points representing bromobenzoic 
acid. The acid was also isolated in a pure condition and identified. 
Some p-bromobenzoic acid was apparently also present, due probably 
to p-bromotoluene in the material taken for oxidation. 

Oxidation of o-Chlorotoluene.—o-Chlorobenzoic acid was in some 
experiments obtained in a pure condition, free from water, hydro- 
chloric acid, and unchanged chlorotoluene, by adjusting the tem- 
perature of the receiver, the crude reaction product having m. p. 
135° and a titration value of approximately 156; but in most cases 
unchanged chlorotoluene was also condensed. 

The percentage yields (a) of chlorobenzoic acid obtained in a 
series of tests, with the carburettor temperature maintained at 60°, 
are tabulated below. 


Tas_e III. 


275° 285° 287° 
74 13-0 13-8 
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In cases in which the product in the receiver was not free from 
unchanged raw material, the pure chloro-acid could readily be 
isolated by solution in sodium: hydroxide and precipitation with 
hydrochloric acid. 


38, WALLISCOTE Roan, 
WESTON-SUPER-MARE. (Received, March 29th, 1928,] 


CXC.—The Influence of Glass upon Vapour Pressure. 
By Jacosus Rinse. 


In determining the dissociation of mercuric iodide by means of 
glass-spring indicators (Rec. trav. chim., 1928, 47, 35), we observed 
that the vapour pressure-temperature curves were of an unusual 
form: instead of changing abruptly to the linear form on passing 
the saturation point, as required by Gay Lussac’s law, the curves 
were continuous. Moreover, it was frequently noticed that the 
vapour pressure at that temperature at which the gas should be 
just unsaturated was too low—in many cases more than 10% and 
once 14% below the calculated value. A similar phenomenon has 
been described by McHaffie and Lenher (J., 1925, 127, 1559; 1926, 
1785; 1927, 272) in the adsorption of water and benzene on glass, 
quartz, and platinum surfaces. Frazer, Patrick, and Smith repeated 
and extended these experiments (J. Physical Chem., 1927, 31, 897), 
and found continuous curves under certain conditions. These 
results, however, are probably of a different type from those now to 
be described. 

(a) Reaction between the Glass Wall and Mercuric Iodide.—The 
passage to the Gay Lussac curve was continuous if the indicator 
had been previously heated above 500°; if, however, the indicator 
was evacuated without being heated during the pumping, a break 
was obtained immediately after evacuation, as shown in Fig. la. 
If the apparatus was then heated at 600° for 30 minutes, the vapouw- 
pressure curve determined during the subsequent cooling was 
continuous. Although the glass never appeared to be attacked, 
even in indicators which had been used for a long time, experiments 
were made to determine whether an excess of either mercury 0 
iodine was responsible for the continuity, but the results. showel 
that they were not. Moreover, mercurous iodide gave curves show- 
ing a break. Further experiments giving negative results on this 
point are described in section (d). 

(b) The Influence of Drying.—As it had been observed that the 
effect was greatest when the glass-spring indicators had been 
evacuated and heated simultaneously for a long time, during whieh 
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some mercuric iodide distilled off, experiments were made to decide 
whether adsorbed water had any influence. A manometer was 
constructed to which a bulb containing fine phosphoric oxide was 
connected by a wide tube. The apparatus was filled in the same 
way as for the intensive drying experiments in this laboratory (J., 
1926, 2657)... The indicator was left for 14 days and occasionally 
heated. The phosphoric oxide bulb was then removed and the 


Fie. 1. 
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Vapour pressure (cm. Hg). 


P 
200 300 


Temperature. 


Vapour-pressure curve determined: it showed only a continuous 
transition over a short range, and a second similar experiment had 
the same result. Therefore water is probably not the cause of the 
phenomenon. 

(c) The Influence of Glass —Some glass powder (1-68 g.), made 
from the same high-melting Jena. combustion glass as the indicators, 
was introduced, and the apparatus evacuated during 30 minutes 
and heated meanwhile. The curve subsequently determined is 
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represented by A (Fig. Ib) and shows a gradual transition over the 
range 285—310°.' After 4 hour’s heating at 560°, curve B was 
obtained, which shows a much longer range. As a small amount of 
gas was liberated during the heating (probably it had been adsorbed 
by the glass powder), the indicator was again evacuated, by breaking 
a point which was connected by a rubber tube to the pump, and 
resealed. The volume was thus diminished, whilst the amount of 
mercuric iodide remained the same as before; accordingly the new 
vapour-pressure curve C now lies above B. After the determination 
of C the glass was freed from mercuric iodide by heating the lower 
part of the manometer. The glass powder was shaken into the end 
of a tube which was sealed off. Curve D was then obtained, which is 
much less straight than C. The influence of the glass was therefore 
distinctly demonstrated. After heating again at 550—600° for 
1} hours, curve E was obtained. The points on all these curves were 
found both with increasing and with decreasing temperatures, and 
the equilibrium was established very rapidly. 

A second experiment, in which a definite amount of mercuric 
iodide was used, gave the same results. 1-5 G. of glass powder were 
placed in an indicator of about 13 c.c. capacity. A part of the 
iodide sublimed during the evacuation and heating. The normal 


values of the pressure can be calculated from Gay Lussac’s law, and 
hence the lowering of the vapour pressure was found to be as 
follows : 


Temperature ......... 2. 4 . 269-5° 276-5° 286-5° 303° 
Pressure (calc.) . ° , 11-8 14-3 18-0 27-0 
(obs.) § : . 9-0 10°35 12-7 = 163 
° 95 ‘ 5:3 = 107 
40 


Lowering 
Lowering, % 

We see from this table that a decrease of 40% can occur. In 
the same way a lowering of 14% was found when no glass powder 
was used. 

At higher temperatures the decrease diminished till the theoretical 
curve was reached. This was verified in indicators of known volume 
with a known amount of mercuric iodide. 

For the further investigation of the phenomenon the apparatus 
shown in Fig. 2 was constructed. The bulbs, of about 30 c.. 
capacity, were connected by a tube, in which a capillary was made, 
and 5 g. of glass powder were introduced in one of them. The 
apparatus was then evacuated and heated in an electric furnace at 
550—600° for 4 hour. After cooling, 200 mg. of mercuric iodide 
were rapidly placed in the second bulb. The whole was evacuated 
again, the glass powder heated, and the connecting tube to the 
pump finally sealed off. The apparatus was again placed in the 
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furnace and heated to 600°. Then it was put in a bath of an equi- 
molecular mixture of potassium and sodium nitrates and heated to 
a temperature at which, as found by calculation, the vapour ought to 
be just unsaturated. The apparatus was now raised so that the capil- 
lary was above the surface of the liquid and could be sealed off, thus 
separating the bulbs. The volume and weight of mercuric iodide in 
each were then determined. In:this way it was found that the vessel 
which contained glass powder had more iodide than the other. 
On one occasion this difference amounted to 12-5%, and in another 
case to 55%. In these experiments it is neces- 
sary to evacuate carefully and to heat the glass 
powder strongly ; otherwise, no excess of iodide 
is found in the vessel with glass powder. 

To complete these experiments it was desirable 
to measure the pressure. Fig. 3 shows the 
apparatus used. The procedure of filling was 
the same as in the preceding experiments. Glass 
powder was introduced in the space immediately 
below the spring, the apparatus was evacuated 
and heated to 600°, mercuric iodide was intro- 
duced, and the 
apparatus again Fig. 2. 
bked out and 
sealed at a. In 
Fig. 4, A is the 
vapour- pressure 
curve first deter- 
mined. This is 
continuous from 
about 300° to 330°. 

At 308°, where the 

pressure is 27:5 

em., the capillary 

b was raised out of the bath and sealed off. The subsequent 
vapour-pressure curve B is now much higher than the former and 
shows less deviation from the third curve in the figure, which is the 
saturation curve. 

This experiment was repeated under more quantitative conditions, 
glass powder now being placed in the big bulb. This time the 
manometer was evacuated first through a capillary sealed to the large 
bulb, and then through the capillary which connected the two sides 
of the spring. A part of the mercuric iodide, which was introduced 
in the space immediately below the spring, was distilled off during 
the second evacuation. The apparatus was then heated to 600°, 


Fie. 3. 
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after which a continuous vapour-pressure curve was obtained § the 
(A, Fig. 5). The bath was then kept constant at 303°, corresponding § the 
to the middle of the bend in curve A, and the capillary was brought § surf 
1 cm. above the liquid and sealed off, the glass powder thus being § dete 
separated from the manometer. The new vapour-pressure curve is T 
represented by B (Fig. 5). Then the two parts of the original § phe 
apparatus were opened and weighed, the volume and weight of § mad 
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mercuric iodide being determined. From these values the corre- § lieate 
sponding theoretical curves C and D could be derived, and it is seen § «nd i 
that without glass powder the maximum lowering is 10-2% (curves § his c 
B and D at 285°), and with powder 29-5% (curves A and C€ at § intro 
300°). until 

(d) The Roughness of the Surface.—During this investigation the § were 
paper of Frazer, Patrick, and Smith appeared (loc, cit.), dealing with  evacu 
the thickness of adsorbed vapour films. The authors show that for § maxi: 
water and toluene the smoothness of the surface is very important, § vith 
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the reaction between water and glass being largely responsible for 
the results of McHaffie and Lenher. With toluene and a plane 
surface no adsorption could be detected by vapour-pressure 
determinations. 

The roughness of the surface might therefore account for the 
phenomenon with mercuric iodide. To test this an indicator was 
made that had not been in contact with water or aqueous vapour : 
it was blown through a tube containing phosphoric oxide, and then 
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heated in a stream of very dry oxygen until the glass softened, 
and is therefore believed to have a plane surface such as Frazer and 
his co-workers found necessary. Into this apparatus were rapidly 
introduced 48 mg. of mercuric iodide, which was heated in a vacuum 
intil a part distilled off, and the observations represented in Fig. 6 
were made. The higher curve was obtained immediately after the 
evacuation, and the lower after heating for 2 hours at 580°. The 
maximum decrease is 12%. This experiment proves that the effect 
with mercuric iodide cannot be explained in the same way as that 
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with toluene. Assuming that adsorption has occurred, we can 
calculate the thickness of the adsorbed vapour layer. The internal 
surface of the glass-spring indicator used is about 20 sq. cm., the 
amount of mercuric iodide used in the last case is about 40 mg,, 
and the surface occupied by a mercuric iodide molecule in a layer of 
the tetragonal crystal is 4-42 x 10-46 sq. cm. (Bijvoet, Claassen, and 
Karssen, Proc. K. Akad. Wetensch: Amsterdam, 1926, 29, 529; 
Huggins and Magill, J. Amer. Chem. Soc., 1927, 49, 2357). There. 
fore to produce one layer of iodide molecules on the inner surface 
of the manometer we need 20/4-42 x 10-16 = 1016 molecules, i.¢,, 
1016 x 454/6-06 x 107° = 0-75 x 10-5 g. Since we found a decrease 
of 12% of 40 mg., about 5 mg. should be adsorbed on the wall, 
and the thickness of the layer would be (5 x 10-%)/(0-75 x 10-5), 
i.e., more than 500 molecules. Such a result is very improbable, 
for it cannot be understood why the glass wall should exert its 
influence on molecules separated from it by so many layers. Hence 
we may conclude that adsorption is probably not the cause of the 
behaviour of mercuric iodide. 

To determine whether a slight reaction between glass and mercuric 
iodide was responsible for roughening the glass surface or for the 
formation of mercury silicate at higher temperatures, the following 
experiments * were carried out.. In a bulb of combustion glass of 
about 25 c.c. capacity 5-6 g. of powdered glass of the same origin 
were heated above 600° in a vacuum to remove adsorbed water and 
air; a known amount of mercuric iodide was rapidly introduced, 
and the bulb was evacuated again and sealed off. The tube was 
then heated in an electric furnace at 600—650°, and mercuric iodide 
was sublimed in the point of the vessel, which was broken off, 
weighed, heated until all the iodide was driven off, and weighed 
again. 

(1) Introduced 139-4 mg., heated for 24 hours at 650°, regained 
139-7 mg. 

(2) Introduced 101-8 mg., heated for 20 hours at 600°, regained 
101-6 mg. 

Since in the experiments with glass-spring indicators the heating 
was at 550—600° and lasted only for 1 hour, it is evident that not 
the slightest reaction could have taken place in that case. 

(e) Behaviour of Other Substances.—It was desirable to know if 
other substances showed similar phenomena when treated in the 
same way. Accordingly preliminary experiments were made with 
mercuric chloride and bromide, iodine, mercurous chloride, and 


* These two tests were done in the chemical laboratory (Remsen Hall) of 
the Johns Hopkins University. I am indebted for this part of the work and 
also for the interest they have taken in this paper to Drs. Patrick and Frazer. 
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mercury; the first three showed continuous transformations to. the 
Gay Lussae curve, especially mercuric bromide, which showed 
decreases up to 25% even without glass powder. The other two 
substances, on the other hand, showed sharp breaks, and no decreases 
were observed even after heating for some hours at 600°. These 
experiments are being continued. 


Summary. 

1. Mercuric iodide exhibits a continuous passage from the satur- 
ation curve to the Gay Lussac line, similar to that found by McHaffie 
and Lenher for water and benzene and by Frazer, Patrick, and 
Smith for toluene. The deficiencies in vapour pressure for mercuric 
iodide and certain other substances are, however, much larger. 

2. No reaction could be detected between glass and mercuric 
iodide. 

3. The effect is independent of the degree of dryness. 

4. The introduction of glass powder into the vessel augments the 
effect. 

5. A plane glass surface does not prevent the phenomenon, 
contrary to the results of Frazer, Patrick, and Smith with toluene 
and water. 

6. Adsorption cannot explain the phenomenon, for the layers 
vould have to be more than 500 molecules thick, and this is regarded 
as very improbable. 


I take this opportunity to thank Prof. Dr. A. Smits and Dr: J. M. 
Bijvoet for the interest they have taken in this paper. 
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CXCI.—Reduction of Nitrites, Nitrates, and Nitric 
Acid with Magnesium Amalgam: A New Method 
of Preparing Hyponitrites. 


By Pancnanan NeEogi and BrrenpRa Lat Nanplt. 


Ir has been shown that magnesium reacts very slowly with solutions 
of many metallic salts to give hydroxides (Lemoine, Compt. rend., 
1899, 429, 291; Tommasi, Bull. Soc. chim., 1899, 21, 885; Kahlen- 
berg, J. Amer. Chem. Soc., 1903, 25, 380; Senbert and Schmidt, 
Annalen, 1892, 267, 218). Since magnesium amalgam is much 
more reactive, its reducing action on metallic nitrates and nitrites 
has now been studied, and found to afford a convenient method for 
the preparation of hyponitrites. Among those thus prepared are 
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several not hitherto described, viz., cadmium, zinc, lithium, rubidium, 
and cesium hyponitrites, and that of magnesium has been obtained 
in solution. 

Most of the known hyponitrites depend for their preparation on 
double decomposition with sodium nitrite (compare Divers, J, 
1899, 75, 95), but the method now described is direct. Moreover, 
the use of magnesium amalgam possesses advantages over that of 
sodium amalgam (as used by Divers) in that magnesium hydroxide 
is much more readily removed than sodium hydroxide and that it 
does not enter into secondary reactions (e.g. precipitation of metallic 
hydroxides) or tend to decompose unstable hyponitrites. 

The reduction of nitrates by magnesium amalgam takes place in 
several stages, the presence of nitrites, hyponitrites, hydroxylamine, 
and ammonia having been established in many cases. Hydroxyl. 
amine is frequently produced in considerable quantities, but. not a 
trace was observed in the preparation of rubidium and cesium 
hyponitrites ; its isolation as sulphate in good yield is described. 

In testing for hyponitrites by silver nitrate it is first necessary to 
remove the hydroxylamine by shaking with mercuric oxide. The 
silver nitrate test may be applied in the case of lithium, sodium, 
potassium, barium, strontium, and calcium hyponitrites even in the 
presence of their hydroxides, for the silver oxide first formed reacts 
with the soluble hyponitrites, precipitating the characteristic yellow 
silver hyponitrite; but in the case of rubidium and cesium hypo- 
nitrites, the silver oxide does not undergo this double decomposition, 
and the solution has to be neutralised with dilute nitric or acetic 
acid before the test is applied. 


EXPERIMENTAL. 


Preparation of Magnesium Amalgam.—20 G. of magnesium, 
either as filings or as small pieces of clean ribbon, are placed in a flask 
containing 400 g. of mercury and gently heated for 2 or 3 minutes 
on @ wire gauze over a flame. The flask is then removed and 
vigorously shaken at intervals during 10 minutes, the heat evolved 
being sufficient to keep the elements in a state of reaction. (If 
heating is continued for too long, the whole mass takes fire.) When 
all the magnesium has dissolved, the liquid mass is solidified by 
being poured on a porcelain tile, and while still soft it is cut into 
small pieces and stored in a stoppered bottle which is protected 
from moisture. It was found unnecessary and even undesirable to 
conduct the amalgamation in an atmosphere of carbon dioxide or 
hydrogen, for the whole mass sometimes took fire in the latter gas. 

Procedure.—Owing to the exothermic nature of the reduction 
and to the instability of hyponitrites, all solutions were immersed 
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in a freezing mixture and thoroughly stirred during the reaction, so 
that the temperature did not exceed 5°. Also, it was found essential 
to continue the reduction until no nitrite remained before attempting 
to concentrate the solution, for nitrates and nitrites appear to 
accelerate the decomposition of the hyponitrite. 

It is advisable to filter off the bulky precipitate of magnesium 
hydroxide from time to time during the reduction, for it is difficult 
to remove it all at once at the end of the reaction. 

Lithium Hyponitrite—To a concentrated neutral solution of 
lithium nitrate, cooled in an ice-salt mixture, magnesium amalgam 
yas slowly added in small pieces. The mixture was kept for a short 
time, and the precipitated magnesium hydroxide was filtered off and 
washed once or twice with small quantities of ice-cold water. The 
filtrate was again reduced, and the operation repeated until the 
wlution was free from nitrate and nitrite; it then contained ammon- 
jum and lithium hydroxides, hydroxylamine, and lithium hypo- 
iitrite, but no magnesium salt. The solution was placed in a 
vacuum desiccator over concentrated sulphuric acid, the hydroxyl- 
amine decomposing and the resulting ammonia being absorbed in 
the acid. After about a fortnight, the whole set to a solid, white 
nixture of lithium hydroxide and hyponitrite. The hyponitrite 
ws extracted with absolute alcohol, in which it was moderately 
wluble, and then precipitated with ether. Several repetitions of 
the extraction and precipitation gave lithiwm hyponitrite free from 
hydroxide; it was dissolved in the minimal quantity of water and 
ygain evaporated to dryness in a vacuum desiccator over sulphuric 
aid (Found, by conversion into Li,SO, : Li, 19-34. Li,N,O, requires 
li, 18-79%). The slightly high result was due to hydrolysis during 
the final crystallisation, as was shown by the alkalinity of the 
aueous solution. 

Sodium Hyponitrite—Sodium nitrite (35 g.) in water (200 c.c.) 
was reduced. as above, 420 g. of 5% amalgam being used. The 
solution smelt strongly of ammonia and contained hyponitrite and 
hydroxylamine. After 20 days’ evaporation the solid hyponitrite 
was obtained together with caustic soda; the latter was extracted 
by washing with absolute alcohol, and the hyponitrite dried in a 
vacuum desiccator. (Divers’s method of precipitating the hypo- 
nitrite by the addition of absolute alcohol gave a smaller yield.) 
(Found : Na, 43-63. Cale.: Na, 43-4%). 

Potassium Hyponitrite—The nitrite (40 g. in 250 c.c. of water) 
was reduced exactly as in the foregoing example. The solution was 
strongly alkaline and contained ammonia, hydroxylamine, caustic 
potash, and potassium hyponitrite, and the hyponitrite was worked 
up as before (Found: K, 56-49. Cale.: K, 56-58%). 
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Reduction of the nitrate instead of the nitrite proceeded similarly J , 
but was less convenient. 

Rubidium Hyponitrite—Rubidium ‘nitrate solution (from: 7 g.0 
the chloride, by reaction with silver nitrate) was completely reduced 
as usual; the resulting solution contained rubidium hydroxide and 
hyponitrite, and ammonia, but no hydroxylamine. After keeping 
over-night in a vacuum desiccator over sulphuric acid, the solution 
was neutralised with dilute acetic acid, and then concentrated asf; 
before. The resulting long, needle-shaped, colourless crystals 
were repeatedly washed with absolute alcohol to remove all the 
acetate, and the rubidium hyponitrite was dried in a vacuum desic. 
cator (Found, by conversion into Rb,SO, : Rb, 63-6. Rb,N,0,,2H,0 
requires Rb, 64-0%). 

The solid hyponitrite was very deliquescent. When heated ina 
test tube it melted in its water of crystallisation, and eerie: ata 
higher temperature without explosion. 

Cesium Hyponitrite-—The nitrate (from 5 g: of the chloride), was 
reduced as before. The solution, containing cesium hydroxide and 
hyponitrite, together with ammonia but no hydroxylamine, ultin- 
ately yielded a white mass from which alcohol extracted the hydroxide 
and left the hyponitrite (Found : Cs, 56-69. Cs,N,0,,8H,O requires 
Cs, 56- 54%). 

Mu agnestum Hyponitrite. This hitherto-unknown hyponitrite has 
been prepared by us, but not isolated, by reduction of the nitrate 
(40 g. in 250 e.c. of water). The hyponitrite is found: with the 
precipitated hydroxide and not in the solution. The washed 
precipitate was added to dilute acetic acid (6%) until no more dis- 
solved and a slight excess remained. The filtered solution gave 
positive test for hyponitrite with silver sulphate, but on keeping 
over-night in a vacuum desiccator, the magnesium hyponitrite was 
totally decomposed. It was also found that the hyponitrite was 
not reprecipitated by any alkali, but was decomposed. 

That magnesium hyponitrite is soluble in ether and acetic acid 
has been shown by our attempts to isolate it in organic media. 
The precipitate of hydroxide and hyponitrite was extracted with a 
mixture of glacial acetic acid (1 vol.) and ether (6 vols.), and the 
extract evaporated in a vacuum desiccator to remove: the ether. 
The remaining acetic acid solution responded to the tests: for 
hyponitrites, but further evaporation caused decomposition. 

Zine Hyponitrite.—Reduction of the nitrate (20 g. in 200 c.c. of 
water, to which a few drops of nitric acid had been added) gave a 
solution containing hydroxylamine and a little magnesium but no 
hyponitrite. The precipitate, however, showed the presence of 
hyponitrite, and was therefore washed, dissolved (with cooling) 2 
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the minimum quantity of dilute acetic acid (6%), neutralised with 
ammonia, and kept for 2—3 hours; the gelatinous precipitate which 
eparated was filtered off, washed, dissolved in acetic acid, and 
precipitated by neutralisation, the process being repeated five 
times in order to get rid of magnesium hydroxide and zine hydroxide. 


ing The gelatinous white precipitate ultimately obtained had the appear- 


ance Of boiled arrowroot and was free from magnesium; on drying 
sina vacuum desiccator it yielded a white powder (Found, by heating 
toZnO: Zn, 45-5. ZnN,O,,H,O requires Zn, 45-6%). Zine hypo- 
nitrite explodes on heating unless it is warmed very gently at first. 

Cadmium Hyponitrite and Hydroxyhyponitrite.—After reduction 
of the nitrate in the usual way, the filtered solution contained nitrate, 
hydroxylamine, and ammonia, but no hyponitrite. The washed 
precipitate, however, showed the presence of hyponitrite, and was 
therefore treated as in the case of zinc. The white precipitate 
vhich was slowly formed in the neutralised solution was filtered off 
after 3 hours, washed, redissolved in dilute nitric acid, and again 
neutralised. After six repetitions of this process, the precipitate 
vas dried and obtained as a yellowish powder of cadmium hyponitrite 
Found : Cd, 64-8.. CdN,O, requires Cd, 65-2%). This had d?’ 2-121. 

During the process of dissolution and reprecipitation, the colour 
a the hyponitrite gradually changed from white to light yellow. 
The white substance has been found to be the oryhyponitrite [Found : 
(d,70-6. Cd(OQH)(NO) requires Cd, 70-5%]. This case is analogous 
to that of lead hyponitrite (Kirschner, Z. anorg. Chem., 1898, 
16, 424). The basic hyponitrite was very explosive, like silver 
hyponitrite, so for analysis a weighed quantity was dissolved in con- 
centrated nitric acid in a crucible and cautiously heated to the oxide. 

Action of Heat on Cadmium Hyponitrite.—0-2892 G. of the yellow 
salt was placed in a hard-glass tube, which was exhausted by a 
Sprengel pump, and heated gradually in a bath of sulphuric acid. 
At 185° the substance decomposed suddenly into cadmium oxide 
and a gas, which was collected in a graduated tube and occupied 
40 c.c.; as it was almost totally, though slowly, absorbed by cold 
water, it was assumed to be nitrous oxide, especially as no nitrous 
fumes were formed when air was admixed with it. The gas was 
completely soluble in alcohol. 

Calcium Hyponitrite.—After reduction of the nitrate as usual, the 
solution contained hydroxylamine, ammonia, and calcium hypo- 
nitrite, but no magnesium. The precipitate also gave tests for 
hyponitrite. Calcium hyponitrite being partially soluble in water, 
the precipitate was repeatedly extracted with small quantities of 
water, and the extract added to the main solution, which was then 
kept over sulphuric acid in a vacuum desiccator for a day, to remove 
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hydroxylamine and ammonia, neutralised with phosphoric acid, 
to remove calcium hydroxide, filtered, and the filtrate was evaporated 
over sulphuric acid in a vacuum. The solid crystalline mass was 
washed with small quantities of absolute alcohol and again dried 
(Found : Ca, 23-17. Cale. for CaN,0,,4H,O : Ca, 23-26%). 

Strontium Hyponitrite—This was prepared exactly as in the 
preceding case (Found: Sr, 37-1. Cale. for SrN,O,,5H,O : §, 
36-9%). 

Barium Hypomnitrite.—This salt, which is more soluble in water 
than that of calcium or strontium, was prepared in the same way 
(Found : Ba, 51-66. Cale. for BaN,O,,4H,O: Ba, 50-98%). 

Lead Hyponitrite and Oxyhyponitrite—Reduction of lead nitrate 
(30 g. in 200 c.c. of water) gave a solution containing hydroxylamine 
and ammonia, but no magnesium or hyponitrite. The precipitate 
was dissolved with cold dilute acetic acid, the solution neutralised, 
and the dissolution and precipitation were repeated. The white 
precipitate thus formed was filtered off, washed, and dried (Found: 
Pb, 77-8. Calc. for PbN,O,: Pb, 77-6%). 

The white salt, after treatment with acetic acid and ammonia 
four or five times at room temperature, became yellow; it was 
then filtered off, washed, and dried in a vacuum (Found : Pb, 842. 
Cale. for PbO,PbN,O, : Pb, 84:5%). 

Reduction of Other Nitrates—In the cases summarised below 
hyponitrites were not obtained. 

1. Mercuric nitraie gave a red precipitate of mercuric oxide; 
ammonia was evolved, and the solution contained magnesium nitrite. 

2. Mercurous nitrate gave at first a brown precipitate, which 
gradually turned black; ammonia was evolved and magnesium 
nitrite was detected in the solution. 

3. Cobalt nitrate gave at first a blue precipitate (perhaps a basic 
salt), which gradually turned to brown cobaltic hydroxide ; ammonia 
was evolved and the solution contained magnesium nitrate and 
nitrite only. 

4. Copper nitrate gave a precipitate of basic copper nitrate, 
Cu(NO,).,3Cu(OH), (Found : Cu, 52-88. Cale.: Cu, 52-92%), and 
the solution contained magnesium nitrate and nitrite, hydroxyl- 
amine, and ammonia. Nitric oxide is at first evolved, followed by 
ammonia. 

5. Nickel nitrate gave at once a black precipitate of nickelic 
hydroxide, and the contents of the solution were the same as in the 
preceding case. 

6. Silver nitrate was at once reduced to the metal; the solution 
contained magnesium nitrate and nitrite and ammonia. 

7. Ammonium nitrate gave the nitrite and ultimately ammonia only. 
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Reduction of Nitric Acid : Preparation of Hydroxylamine Sulphate. 
—Nitric acid (200 c.c. of 10%) and sulphuric acid (20 c.c. of 10%) 
were cooled in ice and reduced in the usual way. The precipitate 
was separated and the filtrate reduced with the addition of 5 c.c 
of 10% sulphuric acid, this operation being repeated three times. 
The solution was finally evaporated on a water-bath, and the 
hydroxylamine sulphate removed from the magnesium and 
ammonium sulphates by repeated extraction with warm absolute 
alcohol. Evaporation of the extract gave hydroxylamine sulphate 
in a yield of 60% of the nitric acid used; its purity was 97-83% as 
estimated by Raschig’s method. 


PRESIDENCY COLLEGE, CALCUTTA, 
INDTA. [Received, October 10th, 192'7.] 


(XCH.—Experiments on the Synthesis of Antho- 
cyanins. Part IV. The Constitution of O- 
Benzoylphloroglucinaldehyde. 


By ALEXANDER ROBERTSON, ROBERT ROBINSON, and 
ApA MARGARET STRUTHERS. 


THE O-benzoylphloroglucinaldehyde that is obtained by the mono- 
benzoylation of phloroglucinaldehyde by the Schotten—Baumann 
method (Robertson and Robinson, J., 1927, 1710) has been found 
to be a very convenient starting point in syntheses of anthocyanidins 
and even of certain anthocyanins; it therefore became necessary 
to determine its constitution. The first indication that the hydroxyl 
in the o-position to the aldehydo-group is the one that is benzoylated 
and that the derivative has the formula (I) was afforded by the 
properties of benzoylacacetinidin chloride (II), obtained by con- 
densation of O-benzoylphloroglucinaldehyde and p-acetylanisole. 
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This flavylium salt yielded an alkali-insoluble (therefore not de. 
benzoylated), red dnhydro-base quite similar to those derived from 
authentic 7-hydroxyflavylium salts, and consequently the formula 
(III),, which: is the alternative, seemed improbable. Flavylium 
salts with one free hydroxyl and that in position 5 give violet or 
blue anhydro-bases (compare Collie and White, J., 1915, 107, 369; 
and see below). 

Confirmation of the formule (I) and (II),as valid representations 
of O-benzoylphloroglucinaldehyde and benzoylacacetinidin chloride 
was found in the observations that these substances could be 
obtained by the condensation of O-benzoylphloroglucinol (Fischer, 
Annalen, 1910, 371, 303) with hydrogen cyanide and anisoyl- 
acetaldehyde, respectively, in presence of hydrogen chloride. The 
yield of the aldehyde was poor, but on the other hand isomerides 
could not be isolated. 

The use of diazomethane and of methyl sulphate and sodium 
hydroxide having proved unsuccessful, we found it possible to 
methylate O-benzoylphloroglucinaldehyde by means of potassium 
carbonate and methyl iodide in boiling acetone solution. The 
product was characterised as 2 -benzoyloxy - 4 : 6 - dimethoxybenz- 
aldehyde, BzO-C,H,(OMe),*CHO, since on hydrolysis it yielded 
benzoic acid and the known 2-hydroxy-4 : 6-dimethoxybenz- 
aldehyde. The method is very suitable for the preparation of this 
substance. 

The benzoylation of phloroglucinaldehyde may be contrasted 
with that of phloroglucinolcarboxylic acid (Fischer, Joc. cit.), in 
which it is the hydroxyl group in the p-position to carboxyl] that 
is first attacked. These results can be explained on the assumptions 
that a carbonyl group cannot inactivate more than one o-situated 
hydroxyl group and that apart from this well-known influence the 
o-hydroxyl is more acidic than the p-hydroxyl. Furthermore, the 
reaction of phloroglucinolearboxylic acid with benzoyl chloride 
depends on the formation of a dipotassium derivative, and the 
application of recognised principles makes it clear that the charge 
on the bivalent anion will be concentrated first on the carboxy] ion 
and then on the most remote phenolic oxygen atom; the kationoid 
carbon atom of benzoyl chloride, therefore, finds electrons available 
for new co-valency formation most easily at the oxygen atom in 
the p-position to the carboxyl group. Benzoylation of the carboxyl 
group may also occur, but under the conditions of the reaction 
the product cannot survive. 
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EXPERIMENTAL. 


4: 6-Dihydroxy-2-benzoyloxybenzaldehyde (I)—In the preparation 
of O-benzoylphloroglucinaldehyde (Robertson and Robinson, loc. 
cit.) the weight of benzoyl chloride employed should be 4-2 g. and 
not 2:35 g. as previously stated. 

A mixture of O-benzoylphloroglucinol (E. Fischer, Joc. cit.) 
(5-5 g.), anhydrous hydrogen cyanide (5 c.c.), and absolute ether 
(100 c.c.) was saturated with hydrogen chloride at room temperature. 
A thick syrup separated in about an hour and after 48 hours the 
ether was decanted from the semi-crystalline mass that had col- 
lected. This was washed with ether, dried in a vacuum, and dis- 
solved in water (100 c.c.) and the solution was heated at 80° for 
15 minutes. The red solid that separated appeared to contain 
benzoic acid; it was dissolved in alcohol (50 c.c.; charcoal), and 
the solution then added to aqueous sodium bicarbonate (200 c.c.). 
The crude product was collected and crystallised from chloroform 
(charcoal) with much loss; only 0-08 g. of the pure substance was 
obtained. The yield was doubled when the hydrolysis was effected 
by means of 5% aqueous sodium acetate for 5 minutes at 80°. 
The aldehyde was obtained in colourless, elongated prisms which 
darkened at 185°, turned red at 195°, and melted at 198—200° 
(Found: C, 65-0; H,4-1. Cale. for C,,H,,0,: C, 65-1; H, 3-9%). 
The behaviour on heating was unaltered by admixture with 
0-benzoylphloroglucinaldehyde from phloroglucinaldehyde, and a 
comparison of crystal form under the microscope and of the ferric 
chloride reaction (wine-red in alcohol) showed that the specimens 
were identical. No other product of this reaction could be isolated 
from the mother-liquors in a homogeneous condition. 

2-Benzoyloay-4 : 6-dimethoxybenzaldehyde.—A mixture of O-benz- 
oylphloroglucinaldehyde (3 g.), acetone (30 c.c.), and methyl 
iodide (20 c.c.) was boiled, and finely powdered potassium carbonate 
(15 g.) introduced; the solution was then refluxed for 40 minutes 
and most of the solvent removed by distillation. Ether and water 
were added and the ethereal layer was thoroughly washed with 
fresh water, dried with sodium sulphate, and evaporated. The 
residue crystallised from ethyl alcohol in long, well-shaped prisms 
and then from ethyl acetate in colourless, pointed, prismatic needles, 
m. p. 148° (Found in air-dried material: C, 65-5; H, 5-0. 
CsH,,0,;,0°5H,O requires C, 65-1; H, 5-1%. Found in material 
dried at 105° in a high vacuum: OC, 67:3; H, 4-4. C,,H,,0, 
requires C, 67-1; H, 4:9%). The substance is sparingly soluble 
in alcohol and is unaffected in a short time by boiling aqueous 
sodium hydroxide. It was also obtained by the action of benzoyl 
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chloride and warm aqueous sodium hydroxide on 2-hydroxy. 
4 : 6-dimethoxybenzaldehyde. 

Hydrolysis. The benzoate was readily attacked by hot aqueous. 
alcoholic sodium hydroxide. The product, isolated by acidification 
and extraction with ether and separated by means of sodium 
bicarbonate, was 2-hydroxy-4 : 6-dimethoxybenzaldehyde, which 
crystallised from aqueous methyl alcohol in colourless needles, 
m. p. 70° (alone or mixed with an authentic specimen). It con. 
densed with w-methoxyacetoveratrone in presence of hydrogen 
chloride to a flavylium salt having the properties of O-pentamethyl. 
eyanidin chloride. The ferrichloride had m. p. 210° with previous 
softening. Acidification of the sodium bicarbonate solution gare 
benzoic acid. 

7-Hydroxy-5-benzoyloxy-4'-methoxyflavyliwm Chloride (11).—When 
an ethereal solution of anisoylacetaldehyde (from 4-2 g. of the 
copper derivative) and O-benzoylphloroglucinol (4 g.) at 15° was 
saturated with hydrogen chloride, a red condensation product 
quickly separated. On the following day this was collected (5-0 g. 
or 80%) and dissolved in acetic acid and the solution was saturated 
with hydrogen chloride. The salt then slowly separated in a 
crystalline condition and it was recrystallised by solution in a hot 
mixture of 0-5°/ aqueous hydrochloric acid and an equal volume 
of alcohol and addition of concentrated hydrochloric acid until a 
faint turbidity appeared. The sheaves of orange-red, prismatic 
needles were dried over sulphuric acid (Found: C, 64-2; H, 48. 
Cale. for C,,H,,0;Cl,H,O : C, 64:7; H, 45%). The salt exhibited 
the characteristic properties of the benzoylacacetinidin chloride 
previously prepared by Pratt, Robertson, and Robinson (J., 192, 
1978) and in addition to a careful direct comparison of the speci- 
mens the picrates were obtained from both sources and found to he 
identical in all respects. This derivative separated, when picri 
acid was added to a boiling alcoholic solution of the chloride, as 
mass of curved, hair-fine, orange needles or bundles of needles. It 
is almost insoluble in hot ethyl alcohol and when heated it darkens 
at 215° and melts at 230—231° with decomposition. A mixture ¢ 
the specimens showed the same behaviour. 

5-Hydroxy-4'-methoxy-6 : 8-dimethylflavylium Chloride (IV)—A 
slow stream of hydrogen chloride was passed through a solution of 
m-xyloreylaldehyde (0-8 g.) (Robertson and Robinson, J., 192, 
2202) and p-acetylanisole (1-2 g.) in absolute formic acid (40 ¢.c) 
until it was saturated. After 48 hours, the product was pre- 
cipitated by ether, and crystallised by addition of hot concentrated 
hydrochloric acid to a solution in hot 4% hydrochloric acid (fin! 
concentration 10°); it formed fine, reddish-violet needles (1-2 g) 
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which appeared red by transmitted light (Found in air-dried material: 
(, 58:2; H, 6-2. C,.H,,0,Cl,3H,O requires C, 58-2; H, 6-2%). 
The substance is dehydrated in a high vacuum over sulphuric acid 
and becomes deeper red in colour; the product is hygroscopic. 

This salt readily forms in dilute hydrochloric acid (up to 10%) 
orange to deep orange-red solutions. The colour-base precipitated 
on the addition of sodium acetate to its aqueous solutions dissolves 
in benzene to a blue solution. When the benzene extract is shaken 
with dilute hydrochloric acid, it is decolorised and the orange 
favylium salt dissolves in the aqueous layer. 

Previously the only known 5-hydroxyflavylium salt, not con- 
taining hydroxyl groups in other positions, was 5-hydroxy-3 : 3’ : 4’- 
trimethoxy-6 : 8-dimethylflavylium chloride (Robertson and Robin- 
son, J., 1927, 2204) and this we now find gives a bluish-violet colour- 
base that is soluble in benzene. 

A small amount of tectochrysin (5-hydroxy-7-methoxyflavone) 
was boiled with acetic anhydride and a little potassium acetate for 
30seconds. An excess of zinc dust was then added and the boiling 
continued for 30 seconds. The orange-yellow solution was diluted 
with alcohol (then exhibiting a vivid green fluorescence), filtered, 
mixed with concentrated hydrochloric acid, and boiled until it 
became turbid. The deep orange solution obtained was twice 
extracted with much ether, separated treated with sodium acetate, 
and extracted with benzene. The violet benzene solution was 
decolorised on being shaken with dilute hydrochloric acid, the 
aqueous layer becoming orange; and this alternation could be 
continued. A similar experiment with 7-hydroxy-4'-methoxy- 
favone gave a red benzene solution and yellow acid aqueous solution. 
Clearly this behaviour is due to the formation of 5- and 7-hydroxy- 
favylium salts in the two cases mentioned. The fact that the 
violet base gives an acid solution having a deeper orange colour 
than that given by the red base is in harmony with the experience 
of Collie and White (loc. cit.) in connexion with the isomeric benzo- 
pyrylium salts derived from orcinol and acetylacetone. 


The authors wish to thank the Chemical Society for a grant 
which has defrayed a part of the cost of the investigation. 


THE UNIVERSITY, MANCHESTER. [Received, March 27th, 1928.] 
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CXCIII.— Experiments on the Synthesis of Anthocyanins, 
Part V. A Synthesis of 3-B-Glucosidylpelargonidin 
Chloride, which is believed to be identical with 
Callistephin Chloride. 


By ALEXANDER ROBERTSON and RoBERT RoBINson. 


For reasons which have been explained in previous memoirs we 
were of the opinion that callistephin chloride, one of two antho- 
cyanins isolated by Willstatter and Burdick (Annalen, 1916, 412, 
149) from the purple-red aster (Callistephus chinensis, Nees, syn. 
Aster chinensis, Linn.), must be regarded as a 3- or 7-glucoside of 
pelargonidin chloride and the former possibility was preferred. 
The 3-glucoside (III) has now been synthesised by an unambiguous 
method and its highly characteristic properties agree so closely 
with those recorded by Willstaétter and Burdick for callistephin 
chloride that there can be no doubt that the synthetic product is 
identical with the natural anthocyanin, and thus for the first time 
an actual flower pigment has been artificially prepared. 

In Part I (J., 1926, 1717) we showed in the most favourable case 
that the general method of the anthocyanidin syntheses of Pratt 
and Robinson could be applied to the preparation of glucosidoxy- 
flavylium salts. Part II (J., 1927, 242) included a description of the 
synthesis of a flavylium salt 3-glucoside, but this was not a phloro- 
glucinol derivative; and our many attempts at that stage to produce 
such a substance were fruitless. 

It was more difficult to synthesise the 3-glucosides than the 4’. 
or 7-glucosides and with the methods then available it was much 
more difficult to obtain the phloroglucinol derivatives than the 
corresponding salts with a resorcinol nucleus; the combined difi- 
culty seemed at one time insuperable. 

The discovery of the valuable properties of O-benzoylphlor- 
glucinaldehyde (see previous paper), with the aid of which a pelar- 
gonidin methy] ether 4’-glucoside chloride was synthesised (Part Il, 
J., 1927, 1710), made the prospects much brighter, and after 
improving the technique of the employment of this substance we 
ultimately achieved our object. 

«-Chloro-4-hydroxyacetophenone, HO-C,H,°CO-CH,Cl, was con- 
verted into w-acetoxy-4-hydroxyacetophenone, 

HO-C,H,-CO-CH,OAc, 
and then by means of aqueous sodium hydroxide into the sparingly 
soluble sodium salt of w : 4-dihydroxyacetophenone, 
NaO-C,H,°CO-CH,-OH. 
This salt served for the preparation of carbomethoxy, benzoyl, ani 
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aetyl derivatives, of which only the last, AcO-C,H,-CO-CH,°OH, 
yas found to serve our purpose through all the subsequent stages. 
The O-tetra-acetyl-8-glucoside (1) of this carbinol was obtained by 
endensation with O-tetra-acetyl-«-glucosidyl bromide in presence 
of silver carbonate in benzene solution at 35°. This method con- 
stitutes a considerable improvement in the methods for the prepar- 
ation of such glucosides and has been used in other cases with 
satisfactory results. The flavylium salt synthesis by means of 
0-benzoylphloroglucinaldehyde and the glucoside (I) proceeded in 
ethereal solution and better in a mixture of ether and chloroform. 

Cl 
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The product (II) was hydrolysed by means of cold 8° aqueous 
sodium hydroxide, giving a solution of the de-benzoylated and 
de-acetylated glucoside in a form in which the pyran ring is probably 
open. On acidification, however, the pyrylium salt is regenerated 
and without loss of the glucose residue. The purification of the 
anthocyanin (III) was tedious and difficult; we followed to a large 
extent the methods of Willstatter and Burdick (loc. cit.), but also 
made use of the picrate. Ultimately we obtained a good specimen 
of crystalline, homogeneous material, C,,H,,0,.C1,2H,O, which 
gave pelargonidin chloride on hydrolysis and had all the properties 
of callistephin chloride. 

This synthesis has a bearing on the problem of the constitution 
of the anthocyanins, because the recognition of callistephin as a 
dglucoside of pelargonidin debars pelargonenin, an isomeric antho- 
tyanin obtained by Willstatter and Bolton by the step-wise 
hydrolysis of the diglucoside pelargonin, from being also recognised 
a 4 pelargonidin-3-glucoside. The isomerides have widely different 
foperties (see p. 1470) and especially interesting is the fluorescence 
of alcoholic solutions of pelargonenin chloride and the absence of 
fuorescence in similar solutions of callistephin chloride. It is 
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evident also that the situation of the glucose residue in pelargonenin 
must be the situation of the diglucoside residue in pelargonin, 
because the alkali-colour-reactions of pelargonenin and pelargonin 
are stated to be very similar (Willstatter and Bolton, Annalen, 
1915, 408, 50; 1916, 442, 136). Pelargonin is also fluorescent in 
alcoholic solution, although not so brilliantly as pelargonenin. 

We are forced to the conclusion that pelargonin chloride is q 
5- or 7-diglucoside of pelargonidin chloride, and this is entirely in 
harmony with the views previously put forward in this and the 
parallel series of papers dealing with anthocyanidins. 

Karrer, Widmer, Helfenstein, Hirliman, Nievergelt, and Mon. 
sarrat-Thoms (Helv. Chim. Acta, 1927, 10, 729) have, however, 
expressed the opinion that the chief anthocyanins, for example, 
pelargonin, cyanin, peonin, and malvin, are anthocyanidin 3-sacchar. 
ides and have drawn their conclusions from the results of com. 
parative experiments along three distinct lines, namely (a) the 
properties of malvone, (b) the relative yields of derivatives of 
benzoic acid obtained on oxidation of anthocyanidins and antho. 
cyanins with 15° hydrogen peroxide, and (c) the methylation and 
subsequent fission of anthocyanins. 

In view of the existence of the anthocyanin hirsutin (Karrer and 
Widmer, Helv. Chim. Acta, 1927, 10, 758), which may be 3-sub- 
stituted and resembles malvin in many respects, the colour-reaction 
evidence is not decisive in this group of delphinidin derivatives. 
Furthermore the valid interpretation of the oxidation experiments 
is by no means clear. 

Consequently we need discuss only the methylation experiments 
to which Karrer and Widmer and their collaborators give special 
prominence. The anthocyanins were methylated by means of 
methyl sulphate and alkali and then by means of methyl iodide and 
silver oxide. Hydrolysis of the amorphous product was effected 
by rather vigorous treatment with hot methyl-alcoholic hydro- 
chloric acid and the resulting methylated anthocyanidin was found 
to have one free hydroxyl group in position 3. The argument was 
then developed on the assumption that this position is protected 
from the action of the methylating agents by the sugar residues. 

This is doubtless a plausible and satisfactory interpretation of 
these interesting observations, but there is also much to be said for 
an alternative hypothesis founded on the assumption that the sugar 
groups are attached to position 5. 

Under the conditions of the experiments it is highly improbable 
that the pyran ring could remain intact and when it is broken the 
three hydroxyls of the phloroglucinol nucleus should be methylated. 
The recovery of anthocyanidin would then be difficult, Again, 
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karrer and his co-workers did not observe C-methylation of the 
phloroglucinol nucleus, and this would certainly have occurred if 
the pyran ring opened at an early stage. A recent example of this 
phenomenon is found in the work of Asahina, Shinoda, and Inubuse 
J, Pharm. Soc. Japan, 1927, 133) on sakuranetin : methyl sulphate 
and alkali effect the introduction of two or three methyl groups in 
the phloroglucinol nucleus of the flavanone. The only difficulty 
net with in explaining Karrer’s results by the 5-glucoside structures 
is that the substances produced by the ring fission of the antho- 
cyanins sheuld be of the form R-CH:C(OH)-CO-R’, and Malkin and 
Robinson have shown (J., 1925, 127, 369) that such enols are readily 
converted into their methyl ethers. The hydroxyl group here 
considered is the one in position 3, and we must therefore assume 
that the three carbon atoms connecting the aromatic nuclei take 
sme form, such as *CH(OMe):CO-CH(OMe):, in which the central 
carbon atom does not bear a methoxyl group. If the possibility 
of this be granted, then Karrer’s results are not in conflict with our 
hypothesis that the sugar is in position 5. The annexed scheme 
illustrates a possible course of the reactions. 
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Summarising, we may say that a consideration of the properties of 
callistephin and of the reactions of synthetical hydroxyflavylium 
ults leads to the conclusion that pelargonin (pelargonenin), peonin, 
and cyanin are 5- or 7-saccharides : Karrer’s important experiments 
ae consistent only with the hypothesis that these anthocyanins are 
3-or 5-saccharides. It seems, therefore, that the weight of evidence 
favours the 5-saccharide configuration and in that case the close 
correspondence in intimate structural detail between the antho- 
xanthins and anthocyanins breaks down, at least in these instances 
(compare Atree and Perkin, J., 1927, 234). 
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EXPERIMENTAL. 


«-Chloro-4-hydroxyacetophenone.—The following modification of 
Tutin’s method (J., 1910, 97, 2503) was adopted in order to avoid 
the intense irritation of the eyes and skin involved in working with 
ethereal solutions of the crude ketone. 

Chloroacetyl chloride (12 g.) was added in one portion to a mixture 
of anisole (10 g.), carbon disulphide (50 c.c.), and anhydrous alumin. 
ium chloride (30 g.), previously heated under reflux on the steam. 
bath. The solvent was removed by distillation, and the residue 
heated for 4 hours on the steam-bath and then decomposed by ice 
and dilute hydrochloric acid. The solid product was dissolved in 
the minimum volume of methyl alcohol and added in a thin stream 
to 10% sodium carbonate solution (300 c.c.); the mixture was 
agitated for an hour, treated with charcoal, and acidified with hydro. 
chloric acid. The ketone was then crystallised from 80% alcohol 
(yield, 7—8 g.; m. p. 148°). 

« : 4-Diacetoxyacetophenone.—This substance was obtained by 
Nolan, Pratt, and Robinson (J., 1926, 1968) by acetylation of 
w-acetoxy-4-hydroxyacetophenone; it may be more conveniently 
prepared by heating a mixture of w-chloro-4-hydroxyacetophenone 
(6 g.), anhydrous potassium acetate (3 g.), and acetic anhydride 
(30 c.c.) on the steam-bath for 2 hours (yield, 6-5 g.). It crystal- 
lised from light petroleum in elongated, pointed prisms and from 
benzene in diamond-shaped plates, m. p. 98° (as previously stated, 
loc. cit.). 

w-Acetoxy-4-hydroxyacetophenone.—The m. p. of this derivative 
(Nolan, Pratt, and Robinson, loc. cit.) has been raised 6°. The best 
conditions for its preparation are the following: A mixture of 
«-chloro-4-hydroxyacetophenone (35 g.), anhydrous potassium 
acetate (30 g.), acetic acid (10 ¢.c.), and absolute ethyl alcohol 
(250 c.c.) was refluxed for 1 hour, and the greater part of the solvent 
then removed by distillation. Water (600 c.c.) was added, and the 
solid collected (32 g.) after the whole had been kept for 12 hours in 
the ice-chest. 

The derivative crystallises from warm water (charcoal) in long, 
colourless, prismatic needles, m. p. 133°. It is soluble in dilute 
aqueous sodium carbonate. 

« : 4-Dihydroxyacetophenone.—w-Acetoxy-4-hydroxyacetophenone 
(32 g.) was added to 16% aqueous sodium hydroxide (150 c.c.), 
and a clear solution resulted after 15 minutes’ heating on the 
steam-bath. On cooling, the sodium derivative crystallised in 
glistening plates; it was collected, washed with alcohol, and dried 
(25 g.). Acetylation by means of acetic anhydride and sodium 
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acetate for 1 hour at 100° afforded « : 4-diacetoxyacetophenone, 
m. p. 98°. 

o-Hydroxy-4-methylcarbonatoacetophenone, 

CO,Me-0-C,H,-CO-CH,-OH. 

—A solution of the sodium salt of w : 4-dihydroxyacetophenone 
(5:5 g.) in warm water (50 c.c.) was rapidly cooled in order to cause 
the separation of small crystals. Methyl chloroformate (2-5 g.) 
was then gradually introduced with vigorous stirring. After } hour 
the mixture was cooled to 0° and the fine needles that had separated 
were collected (5-0 g.). The substance was crystallised from 
benzene-light petroleum (1:3), and then separated from water 
(charcoal) in long, colourless, prismatic needles, m. p. 84° (Found : 
(, 57-1; H, 47. Cy, 9H,,O; requires C, 57-1; H, 48%). This 
carbonate is readily soluble in alcohol, moderately readily soluble 
in cold benzene and hot water, and sparingly soluble in light 
petroleum. 

w-Hydroxy-4-acetoxyacetophenone.—Acetic anhydride (10 c.c.) was 
added in three portions with vigorous shaking to a suspension of 
the sodium salt of w:4-dihydroxyacetophenone (10 g. finely 
powdered) in water (40 c.c.) and ether (75 c.c., to which further 
quantities were added as the product crystallised). After separ- 
ation the aqueous layer was saturated with sodium chloride and 
twice extracted with ether; water (20 c.c.) was then added to the 
combined extracts and the original ethereal layer, and the ether 
distilled. The residual liquid deposited a white crystalline mass 
(7 g.), which was sufficiently pure for many purposes. The sub- 
stance crystallised from water in rectangular, plank-shaped, white 
prisms, m. p. 95—96°, exhibiting a strong tendency to form clusters 
(Found: C, 61-8; H, 5-1. C, 9H,,0, requires C, 61-9; H, 5-2%). 
The solubilities resemble those of the carbonate (above); the pure 
substance is sparingly soluble in dry ether. Further acetylation 
yielded w : 4-diacetoxyacetophenone, m. p. 98°, and the substance 
is distinguished from the isomeric w-acetoxy-4-hydroxyaceto- 
phenone by its insolubility in cold dilute alkali solution. 

w-Hydroxy-4-benzoyloxyacetophenone.—Benzoyl chloride (4 g.) was 
gradually added to a vigorously agitated solution of the sodium 
salt of w :4-dihydroxyacetophenone (5 g.) in water (100 c.c.). 
After 15 minutes, saturated, aqueous sodium bicarbonate (100 c.c.) 
was introduced and after 2 hours the solid was isolated (4 g.); it 
crystallised from ethyl alcohol in glistening, regular, rectangular 
plates, m. p. 140—141° (Found: C, 70-7; H, 4-6. C,;H,.0, 
requires C, 70-4; H, 4-6%). The substance is sparingly soluble in 
cold alcohol, moderately readily soluble in cold benzene, and readily 


soluble in hot aleohol and benzene. 
3C 
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w : 4-Dibenzoyloxyacetophenone.—Benzoyl chloride (4-0. g.) was 
added in one portion to a vigorously stirred solution of the sodium 
salt of w : 4-dihydroxyacetophenone (3-5 g.) and sodium hydroxide 
(2-5 g.) in water (80 c.c.), and the solid was isolated after 30 minutes 
and washed with aqueous sodium bicarbonate. This derivative is 
much more sparingly soluble in hot alcohol than the monobenzoate 
and crystallised in glistening, diamond-shaped plates, m. p. 180— 
182° after softening at 176° (yield, 2 g.) (Found: C, 73-3; H, 4-2, 
C..H,,0; requires C, 73-3; H, 4-4%). 

w-O-T etra-acetyl-8-glucosidoxy-4-benzoyloxyacetophenone, 

COPh-0-C,H,°CO-CH,°O-C,H,O(OAc),.— 

Freshly prepared, dry silver carbonate (10 g.) was added to a solution 
of w-hydroxy-4-benzoyloxyacetophenone (4:5 g.) and O-tetra. 
acetyl-«-glucosidyl bromide (12 g.) in dry benzene (80 c.c.) at 35°, 
The mixture was vigorously stirred for 15 minutes and then refluxed 
for 30 minutes. The crude glucoside was precipitated from the 
filtered solution by means of light petroleum (400 c.c.) and the 
syrup was washed with hot water and triturated with cold water 
until it became semi-solid. A solution of this material in warm 
methyl alcohol deposited the glucoside as an opaque jelly which 
gradually crystallised; the substance then separated from ethyl 
alcohol in voluminous, colourless, hair-fine needles, m. p. 147° 
(yield, 5 g.) (Found: C, 59-4; H, 4-9. Cy 9H,,0,5 requires C, 59-4; 
H, 5-0%). This substance is readily soluble in hot methyl or ethyl 
alcohol and on cooling separates as a gel that is slowly resolved into 
crystals; it is sparingly soluble in ether, but easily soluble in cold 
chloroform. Attempts to condense this glucoside with O-benzoyl- 
phloroglucinaldehyde to give a derivative of callistephin were 
unsuccessful. 

w-O-Tetra-acetyl--glucosidoxy-4-acetoxyacetophenone (I).—The 
method previously employed for the preparation of w-O-tetra-acetyl- 
glucosidoxyacetophenone (J., 1927, 244) was tried, but did not give 
satisfactory results in the present case. 

Dry silver carbonate (15 g.) was added to a solution of w-hydroxy- 
4-acetoxyacetophenone (7 g.) and O-tetra-acetyl-a-glucosidyl 
bromide (20 g.) in anhydrous benzene (100 c.c.) at 35°, and the 
mixture agitated for 4 hour. The reaction proceeded smoothly 
with a slight rise of temperature and was completed by refluxing 
for 15 minutes. The filtered solution was mixed with light petroleum 
(1000 c.c.) and the pale straw-coloured syrup obtained was well 
washed with hot water and then with cold water until it crystallised. 
The substance separated from 70% methyl alcohol (charcoal) in 
long, colourless, rectangular rods, m. p. 132° (yield, 10 g.) (Found: 
C, 54-8; H, 5-5. C©,,H.Oy, requires C, 55-0; H, 5-3%). This 


pare 
acety 
prod} 
pris 
with 


a- 


This 
carbi 
prism 
(3H, 
readil 
in et] 
Nu 
carbo 
(the 
exam’ 
J., 1g 


orang 
on the 
it was 
(0-4 g 
C, 55: 
solutic 
mixed 
of thi 
produ 
crysta 


THE SYNTHESIS OF ANTHOCYANINS. PART V. 1467 


glucoside is very sparingly soluble in anhydrous ether, somewhat 
readily soluble in the simple alcohols and benzene, and readily 
soluble in chloroform. 

«-0-Tetra-acetyl-B-glucosidoxyacetophenone (loc. cit.) was pre- 
pared in @ similar manner from benzoylcarbinol (10 g.), O-tetra- 
acetylglucosidyl bromide (25 g.), and silver carbonate (20 g.).. The 
product crystallised from 85% methyl alcohol (charcoal) in white, 
prismatic needles, m. p. 104—105° (yield, 12 g.), and was identical 
with the specimen previously obtained. 

o-O-Tetra-acetyl-B-glucosidoxy-4-methoxyacetophenone, 

MeO-C,H,°CO-CH,°0-C,H,0(OAc),.— 
This glucoside (4 g.) was obtained in the like manner from anisoy]- 
carbinol (5 g.). It crystallised from 80°% methyl alcohol in elongated 
prisms with pointed ends, m. p. 133° (Found: C, 55-6; H, 5-7. 
Cy3H, gO; requires C, 55-6; H, 5-6%). The substance is moderately 
readily soluble in cold alcohol and’ benzene and sparingly soluble 
in ether. 

Numerous analogies are available indicating that the silver 
carbonate method applied to O-tetra-acetyl-«-glucosidyl bromide 
(the ordinary acetobromoglucose) yields 8-glucosides. A recent 
example is the synthesis of amygdalin (Campbell and Haworth, 
J., 1924, 125, 1337). The use of a higher temperature than the 
normal, as in the above cases, effects a considerable improvement 
in the yields. The possibility that these glucosides obtained from 
benzoylearbinols are really derivatives of the «-hydroxypheny]l- 
acetaldehydes is excluded by their condensation with o-hydroxy- 
benzaldehydes to flavylium salts. 

3-0-T'etra-acetyl-B-glucosidoxy-7 -hydroxy-5-benzoyloxy - 4'- acetoxy - 
favylium Chloride (I1).—A solution of w-O-tetra-acetyl-8-glucosidoxy- 
4-acetoxyacetophenone (1-0 g.) and 2-benzoyloxy-4 : 6-dihydroxy- 
benzaldehyde (1-5 g.) in dry chloroform (30 c.c.) and dry ether 
(100 c.c.) was saturated with dry hydrogen chloride at room tem- 
perature and protected from the access of moisture. In the course 
of 24 hours the liquid became deep red and exhibited an intense 
orange-green fluorescence. The condensation product crystallised 
on the sides of the vessel in red plates having a brilliant green reflex ; 
it was collected after 3 days, washed with ether, and air-dried 
(04 g.) (Found: C, 55-8; H, 4:8. ©,,H,,0,,Cl,2H,O requires 
0, 55:7; H, 48%). The original, decanted chloroform-ethereal 
solution gave a further 0-6 g. of more crude material when it was 
mixed with dry ether (100 c.c.), and in preparing larger quantities 
of this salt an equal volume of ether was added to the reaction 
product without first separating the red crystalline deposit. Re- 
crystallisation was not a feasible operation. The salt is readily 
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soluble in alcohol to an orange-red solution exhibiting green 
fluorescence, and it is insoluble in cold 0-5% hydrochloric acid, 
The alcoholic solution gives a purplish-violet coloration with sodium 
hydroxide or concentrated aqueous sodium carbonate, but only a 
yellowish-red coloration with dilute aqueous sodium carbonate, 
We attribute this behaviour to the necessity for hydrolysis of the 
4’-situated acetoxy] group as a preliminary to the exhibition of a 
strong alkali colour-reaction. 

3-8-Glucosidylpelargonidin Picrate-—The crude benzoylpenta. 
acetylglucosidylpelargonidin chloride (4-5 g.) was finely powdered 
and added to 8% sodium hydroxide solution (90 c.c.), cooled to 10°. 
Air was excluded from the apparatus by nitrogen, and the solid 
quickly dissolved to a dark reddish-brown, almost black, solution, 
After remaining for 3 hours at room temperature, the solution was 
acidified with 7% hydrochloric acid so that the concentration of 
hydrogen chloride was brought to 2%. The liquid immediately 
assumed a deep red colour and was heated at 60° until the form- 
ation of the oxonium salt appeared to be complete. Benzoic acid 
and other ether-soluble impurities were removed by five extractions 
and, on keeping, the separated aqueous solution deposited some 
tarry matter. The filtered liquid was evaporated over potassium 
hydroxide in a good vacuum at the ordinary temperature; more 
tar separated after 12 hours and was removed. The crude glucoside 
separated on further evaporation as a red gelatinous mass, which 
was collected and dried in the air. The product from three exper- 
ments was dissolved in 0-05°% aqueous hydrochloric acid and pre- 
cipitated by the addition of an excess of lead acetate solution. 
The mixture of the lead salt of the glucoside and lead chloride was 
collected, washed with 0-05% hydrochloric acid (100 c.c.), drained, 
and added to acetic acid (100 c.c.), which left the lead chloride 
undissolved. The solution was filtered, and the lead salt precipitated 
by the addition of ether (500 c.c.) as a dark red sticky mass, which 
after decantation of the mother-liquor was washed with fresh ether. 
The residual lead salt was then decomposed by means of propy! 
alcohol (150 c.c.) and 25% methyl-alcoholic hydrogen chloride 
(25 c.c.), and the lead chloride removed by filtration. On the 
addition of dry ether (1000 c.c.) the anthocyanin chloride was pre- 
cipitated in an amorphous condition as a bright red solid (yield, 
1-2 g.). At this stage the hydrochloride could not be crystallised, 
but it exhibited the correct reactions. 

The salt was dissolved in 0-01% hydrochloric acid (10 c.c.), and 
cold saturated aqueous picric acid (70 c.c.) added. After 24 hours 
the bright red precipitate was collected, washed with saturated 
aqueous picric acid, and dried (1-2 g.). The product had a dull 
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golden reflex. Another specimen was prepared by theYaddition 
of aqueous picric acid to an alcoholic solution of the “crude 
chloride. 

The salt dissolved with difficulty in boiling alcoholic picric acid 
(saturated in the cold) and separated gradually in the course of 
3—4 days from the cooled solution as a mass of irregular, bright 
red plates having a brilliant golden reflex. On recrystallisation 
from more dilute alcoholic picric acid (4 vols. of aleohol mixed with 
1 vol. of cold saturated alcoholic picric acid) perfect, microscopic, 
rectangular plates were obtained ; the separation occupied 3—4 days 
in this case also. The derivative was once more crystallised and 
washed with alcoholic picric acid and then with ether (Found : 
N, 6-0. C,,H,,0,,N, requires N, 6-35%). The salt is moderately 
readily soluble in ethyl alcohol and readily soluble in methyl alcohol 
and water. The alcoholic solutions are red in colour, tinged with 
violet, and become more orange on dilution with alcohol. 

3-8-Glucosidylpelargonidin Chloride (Callistephin Chloride) (III).— 
The pure crystalline picrate (0-8 g.) was dissolved in 5% methyl- 
alcoholic hydrogen chloride (35 c.c.), and the chloride precipitated 
as an amorphous red solid by the addition of ether (300 c.c.). This 
material (0-5 g.) could be crystallised, by the method described by 
Willstatter and Burdick (loc. cit.) for callistephin chloride, by the 
slow evaporation of a methyl-alcoholic solution to which one- 
quarter of its volume of 12% hydrochloric acid had been added. 
The anthocyanin crystallised in hair-fine, orange-red needles and 
it was recrystallised in the same manner and obtained in the same 
form. The crystals are voluminous, filling the liquid and matting 
together on the filter. In mass they have a dark brownish-red 
colour and bronze reflex, but are orange by transmitted light under 
the microscope. A specimen was washed with 12% hydrochloric 
acid and dried in the air (Found: C, 49-9, 49°8; H, 5-2, 5-0; 
(l, 7-1; loss at 105° in a high vacuum, 7:1, 7-2. Cale. for 
C,,H,,0,9C1,2H,O : C, 49-9; H, 5-0; Cl, 7-1; 2H,O,7-1%. Found 
in anhydrous material: C, 53-8, 53-7; H, 4-8, 4-8. Cale. for 
C,,H,;0, Cl: C, 53-8; H, 45%). Willstatter and Burdick record 
concordant analyses of anhydrous callistephin chloride (C, 53-84; 
H, 4-61%), but in regard to the air-dried material they merely give 
the loss at 105° (8-05%), which is between that calculated for 
2H,O (7-1%) and 2-5H,O (8-8%). 

Every statement made by Willstatter and Burdick (loc. cit., 
p. 161) regarding the properties of callistephin chloride applies to 
the synthetic glucoside and therefore there can be no doubt that 
the substances are identical. The annexed table illustrates this 
and also the contrast with the isomeric pelargonenin chloride, the 


1470 


ROBERTSON AND ROBINSON : 


EXPERIMENTS ON 


properties of which have been recorded by Willstatter and Bolton 


(loc. cit.). 


3-8-Glucosidyl- 
Callistephin pelargonidin 
chloride. chloride. 
Dark brown-red mass of hair-fine needles 
' with bronze reflex. 
Readily soluble in water to a yellowish- 
red solution that becomes more violet 
on dilution and then colourless. 


Readily soluble in 0-5%, 7%, and moder- 
ately readily soluble in 10%, aqueous 
hydrochloric acid; much less readily 
soluble in 12% hydrochloric acid. 


When concentrated solutions in aqueous 
hydrochloric acid are kept, the antho- 
cyanin separates as a gelatinous mass, 


Readily soluble in 7% sulphuric acid. 


Easily soluble in methyl alcohol contain- 
ing hydrogen chloride. 


Easily soluble in ethyl alcohol. 


The alcoholic solutions are red, tinged 
with violet, and much yellower than 
pelargonidin solutions. 


The alcoholic solutions do not exhibit any 
fluorescence and give no ferric chloride 
colour reaction. 


Moderately concentrated aqueous acid 
solutions are yellowish-red and dilute 
solutions are reddish-yellow. 


With aqueous sodium carbonate a reddish- 
violet to violet-red solution is obtained. 
The same colour is produced by sodium 
hydroxide and even in alcoholic solution 
the colour is reddish-violet, only a shade 
bluer than in aqueous solution. 


Pelargonenin chloride. 
Scarlet-red needles. 


Sparingly soluble in water. 


Very difficultly soluble in 0-5% 
hydrochloric acid or acid of 
greater concentration. 


Sparingly soluble in 7% sulphuric 
acid. 


Easily soluble in methy] alcohol. 


Moderately readily soluble in 
ethyl alcohol. 


Colour of alcoholic solutions 
intermediate between those of 
callistephin and pelargonidin. 

The alcoholic solution exhibits 
strong fluorescence. 


The acid aqueous solutions have 
a more bluish tinge. 


Aqueous sodium carbonate gives 
a violet-blue coloration and in 
alcoholic solution the color. 
ation is pure blue. 


A specimen of pure callistephin chloride was unfortunately not 


available for a direct comparison, but Professor R. Willstatter very 
kindly sent us a specimen of partly purified material (‘‘ kugeln ”) 
and in addition some asterin chloride. The callistephin specimen 
gave a ferric chloride reaction (due to asterin) and its alkali-colour 
reaction was bluer than that of our synthetic glucoside. We there- 
fore took a dilute methyl-alcoholic solution of the latter (containing 
a trace of hydrochloric acid) and added a solution of asterin chloride 
of the same concentration in the same faintly acid methyl alcohol, 
drop by drop; a solution was finally obtained which had exactly 
the same colour and behaviour with ferric chloride and sodium 
carbonate as a solution of the crude callistephin (also in the faintly 
acid methyl alcohol). 
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Distribution Number.—Willstatter and Burdick state that the 
partition of callistephin chloride between amyl alcohol and 0-5% 
hydrochloric acid characterises it as a normal monoglucosidic 
anthocyanin, but did not determine the distribution number. The 
synthetic glucoside exhibits an unusually high number. This was 
determined according to the method of Willstitter and Zollinger 
(Annalen, 1916, 412, 208). The air-dried pigment was employed 
and a standard was prepared from 2-130 mg. dissolved in methy]- 
alcoholic hydrochloric acid (1 c.c.) and made up to 50 ¢c.c. with amyl 
alcohol previously saturated with 0-5% aqueous hydrochloric acid. 
The pigment (10-023 mg.) was dissolved in 0-5% hydrochloric acid 
and shaken with pyridine-free amyl alcohol previously brought into 
equilibrium with 0-5% hydrochloric acid. It was found useful to 
dear the solutions centrifugally before making the colorimetric 
observations; these showed that 31-9% of the total colouring 
matter had passed into the amyl-alcoholic layer. On a second 
extraction 32-1% of the material remaining in the aqueous solution 
passed into the amyl alcohol. The distribution number is 
therefore 32. 

It is difficult to criticise this value because of the paucity of data 
relating to monoglucosidic anthocyanins. Willstatter and Bolton 
found the value 19-5 for chrysanthemin (Annalen, 1916, 412, 146). 
The distribution is visibly affected by the strength of the aqueous 
acid, and especially in the presence of picric acid a much larger 
proportion of the glucoside passes to the amyl-alcoholic layer. 

Absorption.-The solvent employed was 98% alcohol (475 c.c.) 
mixed with 20% hydrochloric acid (25 c.c.). The following 
observations were made through a thickness of 10 cm.: N/5000, 
end of band at 5825; N/10,000, at 5757; N/20,000, at 5690, and, 
on addition of ammonia, shift to 6138; N/40,000, 5598 (fairly 
sharp) . . . 4660 (indefinite); NV /80,000, 5500 (mot sharp)... 
48654790. At N/40,000 the light admitted in the blue region is 
of feeble intensity, but at V/80,000 the band is obvious. 

Hydrolysis.—An equal volume of concentrated hydrochloric acid 
was added to a boiling solution of the glucoside in 0-5°% hydro- 
chloric acid, and after the mixture had been maintained at the 
point of incipient ebullition for about a minute crystals began to 
separate; thereafter the solution was soon almost decolorised. The 
salt was collected, washed with 1% hydrochloric acid, and dried at 
80—90° in the air (Found: C, 56-1, 56:1; H, 40,41. Calc. for 
C,;H,,0;ClH,O: C, 55:6; H, 40%). A somewhat high carbon 
content has previously been observed in pelargonidin chloride 
hydrate (compare Willstatter and Zechmeister, Sitzungsber. Preuss. 
Akad. Wiss. Berlin, 1914, 886; Pratt and Robinson, J., 1924, 125, 
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188). In every respect this substance exhibited the recorded 
properties of pelargonidin chloride and it was shown by careful 
comparison of reactions, solubility, and crystal form to be identical 
with a specimen, prepared from benzoylpelargonidin chloride, which 
we hope to describe in detail in a later paper. 


We wish to thank the Chemical Society and the Royal Society 
for grants which have defrayed a part of the cost of this inves. 
tigation. 


THE UNIVERSITY, MANCHESTER. (Received, March 27th, 1928.} 


CXCIV.—Neocyanine. 


By Frances Mary Hamer. 


Atmost all the important photographic sensitisers belong to the 
cyanine group of dyes and no fewer than sixteen types of cyanines 
have been described, for fifteen of which the constitution is known: 
y-cyanine, isocyanine, cyanine, 2: 2’-carbocyanine (pinacyanol), 
2 : 4’-carbocyanine (dicyanine), 4 : 4’-carbocyanine (kryptocyanine), 
thiocyanine, thiocarbocyanine, thio-4-cyanine, thioisocyanine, oxa- 
carbocyanine, indocarbocyanine, indo-y-cyanine, xanthoapocyanine, 
and erythroapocyanine (compare Bloch and Hamer, Phot. J., 1928. 
68,21). Neocyanine is the sixteenth. 

Neocyanine is the name given to a dye which Dundon, Schoen, 
and Briggs isolated as a less soluble by-product in the preparation 
of kryptocyanine (J. Opt. Soc. Amer., 1926, 12,397). They describe 
in detail its optical and photographic properties, which are par- 
ticularly interesting, and state that it sensitises more powerfully 
beyond 8000 A. than any dye previously reported; since the 
publication of their paper, it has been recorded that a substance 
called *‘ prozyanol,”’ of which neither the origin nor the constitution 
is mentioned, possesses a sensitising maximum still further in the 
infra-red (Blunck, Astr. Nachr., 1928, 231, 338). Since Dundon, 
Schoen, and Briggs have given no details for the preparation of 
neocyanine, and since no suggestion has been made as to its constitu- 
tion, it seems desirable to publish what further information is 
elsewhere available. 

1 : 1’-Diethyl-4 : 4’-carbocyanine iodide, or “ kryptocyanine,” 
was originally prepared in 9% yield by treatment of an alcoholic 
solution of lepidine ethiodide with alkali and formaldehyde or 
chloroform (Adams and Haller, J. Amer. Chem. Soc., 1920, 42, 2661), 
and it was presumably according to this method that neocyanine 
was originally obtained. The constitution of kryptocyanine was 


estab 
lepidi 
diphe 
1923, 
cyani 
pyrid 
has r 
three 
of the 
striki 
addit 
eyani 
neocy 


solub 
obtai 
ties © 
colou 
lising 
pyrid 
recry' 
42%, 
out tl 
slight 
cyani 
was 2 
mixta 
ethob 
deal » 
of rec 
and a 
lepidi 
soluti 
iodid 
lepidi 
phon: 
14% 
yield 
with 
prese 
krypt 
amou 


HAMER : NEOCYANINE. 1473 


established by Mills and Braunholtz, who synthesised it from 
lepidine ethonitrate by the action of di-o-formylethylamino- 
diphenyl disulphide, and obtained a 15% yield of pure iodide (J., 
1923, 123, 2804). A general method for the preparation of carbo- 
eyanine dyes, by the action of ethyl orthoformate in the presence of 
pyridine on quaternary salts containing reactive methyl groups, 
has recently been described; it was applied to the preparation of 
three 4 : 4’-carbocyanines and, as the yields varied from 36 to 43% 
of those theoretically possible, its success was regarded as especially 
striking in this case (Hamer, J., 1927, 2796). It isrecorded that in 
addition to a 42% yield of recrystallised 1 : 1’-diethyl-4 : 4’-carbo- 
cyanine iodide, there was also obtained about half its weight of 
neocyanine, which was identified by its optical and photographic 
properties. 

Three dyes of the neocyanine type have now been prepared by 
this general method. Since the neocyanine is in each instance less 
soluble than the corresponding kryptocyanine, it may readily be 
obtained pure by boiling the mixture of dyes with successive quanti- 
ties of spirit insufficient for complete solution and, so soon as the 
colour of the filtrate shows the absence of kryptocyanine, recrystal- 
lising the undissolved residue of neocyanine. By the action of 
pyridine and ethyl orthoformate on lepidine ethiodide, the yield of 
recrystallised 1 : 1’-diethyl-4 : 4’-carbocyanine iodide obtained was 
42%, and that of neocyanine ethiodide was 17%. But by carrying 
out the condensation with lepidine etho-p-toluenesulphonate, under 
slightly modified conditions, the yield of 1 : 1’-diethyl-4 : 4’-carbo- 
cyanine iodide was only 7%, whereas that of neocyanine ethiodide 
was 26% of that theoretically possible. By treatment of the reaction 
mixture with sodium bromide instead of potassium iodide, neocyanine 
ethobromide was isolated, and this was found more convenient to 
deal with on account of its greater solubility; in this case the yield 
of recrystallised 1 : 1’-diethyl-4 : 4’-carbocyanine bromide was 5%, 
and a 37% yield of neocyanine ethobromide was obtained. When 
lepidine methiodide is condensed with ethyl orthoformate in pyridine 
solution, the sole product is 1: 1’-dimethyl-4 : 4’-carbocyanine 
iodide (Hamer, loc. cit.). By carrying out the condensation with 
lepidine metho-p-toluenesulphonate, isolating the resulting sul- 
phonates, and converting them into bromides, there were obtained a 
14% yield of 1 : 1’-dimethyl-4 : 4’-carbocyanine bromide and a 41% 
yield of neocyanine methobromide. From condensations carried out 
with lepidine etho-p-toluenesulphonate, it appears that in the 
presence of much pyridine there is a tendency to the formation of 
kryptocyanine rather than of neocyanine, but that with a small 


amount of pyridine the reverse is the case. 
3c 2 
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Each of the three neocyanines exhibits a higher melting and 
decomposition point than does the corresponding 4 : 4’-carbocyanine, 
This fact, in conjunction with the slight solubility of the neocyanines 
as compared with the 4: 4’-carbocyanines, indicates that the 
neocyanines are compounds of greater molecular weight. The 
crests of the absorption and sensitising bands of the neocyanines lie 
nearly 1000 A. further into the red than those of the 4 : 4’-carbo. 
cyanines, from which it may be concluded, either that neocyanine 
possesses a longer carbon chain connecting the nitrogen atoms than 
does kryptocyanine, or that it is a substance of greater complexity 
of structure and higher molecular weight. 

After the three neocyanines had been dried in a vacuum at 100— 
120° until of constant weight, analyses were made, and the empirical 
formule were calculated. The ratio of halogen atoms to nitrogen 
atoms was in each case 2:3. The molecule is very large, so that it 
is not possible to determine the number of carbon atoms with 
absolute certainty from the analytical results. With the ethiodide 
and ethobromide the mean values found for the number of carbon 
atoms are 37-8 and 36-9 respectively, and with the methobromide 
the mean is 34:7. It is clear that the neocyanine molecule is formed 
from three molecules of lepidine alkyl halide, with elimination of one 
halogen atom, presumably in the form of hydrogen halide, which 
would combine with the pyridine, and the analyses indicate two 
possibilities : that either one or two additional carbon atoms may 
enter into the new molecule. It has not been found possible to 
formulate the course of the reaction on the second hypothesis. On 
the other hand, it seems extremely probable that three molecules of 
lepidine alkyl halide would, through their reactive methyl groups, 
condense with one molecule of ethyl orthoformate, the process simply 
consisting in the production of three molecules of ethyl] alcohol and 
being accompanied by removal of hydrogen halide. But formula (I) 
is not regarded as representing the constitution of neocyanine, for 
it is only reasonable to suppose that the colour and sensitising 
properties of neocyanine are attributable to causes similar to those 
obtaining in kryptocyanine, and that the dyes must in fact beara 
very close structural relationship to each other. Now in certain 
cyanine condensations, two atoms of hydrogen are eliminated per 
mol. of dyeformed. For instance, the preparation of an isocyanine, 
by the action of sodium ethoxide on an alcoholic solution of quinoline 
ethiodide and quinaldine ethiodide, is represented by the equation: 


C,H,N(EtI):CH, + C,H,N(Etl) = 
C,H,NEt:CH-C,H,N(EtI) + HI + H,. 


Similarly the preparation of pinacyanol by the action of alkali on an 
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alcoholic solution of quinaldine ethiodide and formaldehyde, in the 
presence of quinoline ethiodide, is accompanied by the loss of two 
hydrogen atoms : 


C,H ,N(EtI)-CH, + CH,O = 
C,H, NEt:CH-CH:CH-C,H,N(EtI) + H,O + HI + H,. 


Ij is therefore probable that the same phenomenon takes place in 
the formation of neocyanine, and that the trilepidylmethane 
derivative (I) loses two hydrogen atoms, so that neocyanine ethiodide 
may be represented by formula (II). According to this, it is very 
smply related to 1:1'-diethyl-4:4’-carbocyanine iodide (III), 


EtNI 


ccmeeee 
SOOO 


NEt EtNI NEt EtNI NEt EtNI 
(I.) (II.) (III.) 


since it is derived from it merely by substitution of a lepidy]l ethiodide 
group for the hydrogen atom attached -to the central carbon atom 
of the three-carbon chain. This formula, which is proposed for 
neocyanine, accords with the method of synthesis of the compound, 
and accounts for its optical and photographic properties, and also 
explains the slight solubility and high melting point of the neo- 
cyanines. It shows reasonable agreement with the analytical results. 
The question of the presence or absence of the two hydrogen atoms 
is of course not one that can be decided by analytical data in the 
case of compounds of such high molecular weight. Although 
formula (II) has a high degree of probability, it is greatly to be 
desired that its validity should be further tested by the synthesis of 
neocyanine or by experiments on its breakdown. 


EXPERIMENTAL. 

Neocyanine Ethiodide.—Lepidine ethiodide (5 g.; 2 mols.), dry 
pyridine (20 c.c.), and ethyl orthoformate (5-5 g.; 4 mols.) were 
hoiled together for 3 hours, during which crystals separated. These 
were collected when cold (0°89 g.; 21% yield) and recrystallised 
from spirit (1000 c.c.); the yield of neocyanine ethiodide (0-72 g.) 
was 17%. To isolate 1 : 1’-diethyl-4 : 4’-carbocyanine iodide, the 
pyridine mother-liquor was poured into boiling water, cooled, and 


1476 HAMER : NEOCYANINE. 


filtered. The solid obtained (2-23 g.; 56% yield) was recrystallised 
from spirit (150 c.c.) and resulted in 42% yield (1-67 g.). It was 
dried in a vacuum at 100—120° and analysed by the method of Carius, 
which methods of drying and analysis were used throughout this 
work (Found : I, 26-4. Cale. for C,;H,;N,I: I, 26-4%). 

According to the second method of preparing neocyanine ethiodide. 
lepidine (5-6 g.; 2 mols.) and ethyl p-toluenesulphonate (7-83 g ; 
2 mols.) were heated at 140—150° for 3 hours, and the quaternary 
salt so formed was boiled with pyridine (30 c.c.) and ethyl ortho. 
formate (13 c.c.; 4 mols.) for 3 hours. The hot reaction liquid, 
which was free from solid, was poured into an excess of boiling 
aqueous potassium iodide. The iodide obtained (5-9 g.) was boiled 
with successive quantities of spirit (50 c.c. x 6) until the filtrate was 
pure green, and the residue was then recrystallised from spirit 
(3000 c.c.) : a 26% yield of neocyanine ethiodide (2-62 g.) resulted. 
The first two spirit solutions gave a 9% yield of crude 1 : 1’-diethy)- 
4:4’-carbocyanine iodide, which on recrystallisation from spirit 
(25 c.c.) gave a 7% yield (0-65 g.) (Found : I, 26-6%); the next four 
spirit solutions gave only a small amount of solid (0-03 g.), which 
was a mixture of the two dyes. That the neocyanine was com. 
pletely freed from kryptocyanine was evident. 

The large proportion of neocyanine ethiodide, as compared with 
1 : 1’-diethyl-4 : 4’-carbocyanine iodide, afforded by the second 
method can hardly be attributable to the difference in the lepidine 
quaternary salt, and the separation of neocyanine ethiodide during 
the first reaction might be expected to favour its formation. In the 
following two comparative experiments, volumes of pyridine in the 
ratio 1 : 50 were taken: the dyes (1-08 g. and 0-81 g., respectively) 
obtained by the reaction of the quaternary salt from lepidine (1 ¢.c.; 
2 mols.) and ethyl p-toluenesulphonate (1-50 g.; 2 mols.) with ethyl 
orthoformate (2-5 c.c.; 4 mols.) and pyridine (2 c.c. and 100 c.c., 
respectively) were boiled with successive quantities of spirit (each of 
20 c.c.) and, when a green filtrate was obtained, the residue was 
recrystallised from spirit. In the case of the dye prepared in the 
solution of small volume the yield of recrystallised kryptocyanine 
was small compared with that of neocyanine (0-02 g.: 0-31 g,), 
whereas with more pyridine, the yield of kryptocyanine was large 
compared with that of neocyanine (0-30 g. : 0-08 g.). 

When heated, 1 : 1’-diethyl-4 : 4’-carbocyanine iodide gives rise 
at about 205° to a tar of metallic appearance; sudden and violent 
decomposition occurs at about 260°, the exact point depending upon 
the rate of heating. Mills and Braunholtz (loc. cit.) give m. p. 
253—254°. 

Neocyanine ethiodide, unlike 1: 1’-diethyl-4 : 4’-carbocvanine 
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iodide, only forms minute crystals, which show a coppery lustre, 
and it is also obtained in the form of a dull green powder. It is 
only very slightly soluble in spirit. It melts with decomposition at 
about 284° (Found : C, 57-25, 57-0; H, 5-1,4-9; N, 5-1, 5-2; I, 32-2, 
32-0. Cs,H3,Nsl, requires C, 57-1; H, 4-8; N, 5-4; I, 32-7%). 

Neocyanine Ethobromide——The quaternary salt from lepidine 
(128 g.; 2 mols.) and ethyl p-toluenesulphonate (17-9 g.; 2 mols.) 
was boiled with pyridine (45 c.c.) and ethyl orthoformate (30 c.c. ; 
4mols.) for 3 hours, and the reaction mixture was poured into a hot 
solution of sodium bromide (18-5 g. in 100 c.c. of water). The 
resultant bromide (11-6 g.) was boiled with successive quantities 
of spirit (50 c.c. x 3), and the residue was then recrystallised from 
spirit (1500 ¢.c.): the yield of neocyanine ethobromide (7-12 g.) 
was 35°% of that theoretically possible. The first spirit solution 
gave a 5% yield (0-83 g.) of product which was chiefly 1 : 1’-diethyl- 
4:4'-carbocyanine bromide, m. p. about 250° (decomp.), and the 
second and third solutions gave a 2% yield (0-37 g.) of neocyanine. 

In another experiment (2-04 g. of lepidine taken), in which 50 
times the above proportion of pyridine was used, most of the solvent 
was distilled off after the condensation, and the residue was treated 
with sodium bromide. The crude bromide (2-35 g.) was boiled with 
spirit (20 e.c. x 2): the first spirit solution gave a 52% yield 
(1-62 g.) of dye which was mainly 1 : 1’-diethyl-4 : 4’-carbocyanine 
bromide, the second gave a 4% yield (0-12 g.) of neocyanine etho- 
bromide, and the undissolved residue (0-05 g.) amounted to a 
further 1° yield of neocyanine. 

Neacyanine ethobromide forms small green and gold crystals and 
is considerably more soluble in spirit than is the corresponding 
ethiodide. It melts with decomposition at about 291° (Found : 
(, 64-2, 64-2; H, 5-6, 5-6; N, 5-9; Br, 23-2, 23-1. C,,H,,N,Br, 
requires C, 65-0; H, 5-5; N, 6-15; Br, 23-4%). 

Condensation of Lepidine Methiodide with Ethyl Orthoformate.— 
During the boiling of lepidine methiodide (3 g.) with pyridine 
(30 c.c.) and ethyl orthoformate (33 c.c.) for 3 hours, much solid 
separated. It was collected when cold, and the yield of green 
crystals (1-44—1-80 g.) was 61—76%. In one experiment, boiling 
with successive quantities of spirit (100—200 c.c.), insufficient to 
dissolve all the solid, showed this to consist of 4 : 4’-carbocyanine 
free from neocyanine methiodide. In another case, recrystallisation 
from spirit (950 c.c.) gave a 37% yield (0-89 g.) of minute green 
crystals of 1: 1’-dimethyl-4 : 4’-carbocyanine iodide (Found: I, 
28-0. Cale. for C.,H,,NoI: 1, 28-1%). 

Neocyanine Methobromide.—Lepidine (5-4 g. ; 2 mols.) and methyl 
p-toluenesulphonate (7-03 g.; 2 mols.) were heated at 140—150° 
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for 3 hours and the resulting quaternary salt was boiled with pyridine 
(70 c.c,) and ethyl orthoformate (12}'c.c.; 4 mols.) for 3 hours, 
during which time much solid separated. This sulphonate was 
filtered off when cold, dissolved in a hot mixture of spirit (100 c.c.) 
and water (180 c.c.), and treated with aqueous sodium bromide 
(10 g. in 20 c.c. of water). The resulting bromide was washed and 
dried (5-6 g.). It was boiled with two lots of spirit (each of 100 ¢.c,) 
and, as the second filtrate was green, the residue was recrystallised 
from spirit (1100 c.c.): the resulting yield of neocyanine metho. 
bromide (3-13 g.) was 39%. The solid (0-29 g.) from the second 
spirit extract gave a green solution, so it was again crystallised from 
spirit (100 c.c.), and the further amount of neocyanine methobromide 
obtained (0-17 g.) brought the total yield up to 41%. The crystals 
(1-12 g.) from the first spirit extract consisted of a 22% yield of crude 
1: 1’-dimethyl-4 : 4’-carbocyanine bromide, and .after recrystallis. 
ation from spirit (50 c.c.), the yield (0-72 g.) was 14%. The difference 
in solubility between this 4 : 4’-carbocyanine and the corresponding 
neocyanine is not so marked as in other cases, so that.1 : 1’-dimethyl- 
4: 4’-carbocyanine bromide was not obtained free from the latter 
dye (Found: Br, 20-3. C,,H,,N,Br requires Br, 19-7%). The 
4: 4’-carbocyanine begins to decompose at about 265° and melting 
with violent decomposition occurs at about 275°. Neocyanine 
methobromide forms beautiful little crystals of a bright copper 
colour and these melt with decomposition at about 288° (Found: 
C, 64:0, 64-0; H, 5-1, 5-0; N, 6-1; Br, 24-5, 24:6. C,,H,,N,Br, 
requires C, 63-6; H, 4:9; N, 655; Br, 249%). All three 
neocyanines show a very similar sensitising action. 
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CXCV.—The Isomeric 2-Amino-a-aryleinnamic Acids. 


By Joun Masson GuLLanp and Cyrit Josep VIRDEN. 


PscHorR (Ber., 1896, 29, 496) observed that 2-amino-«-phenyl- 
cinnamic acid (I) exists in two interconvertible isomeric forms, one 
yellow, the other colourless. Stoermer and Prigge (Annalen, 1913, 
409, 23) confirmed this observation, but did not examine the 
isomerides more closely, and other workers who have prepared 
2-amino-«-arylcinnamiec acids make no mention of such isomerism. 
During an investigation into the constitution of thebenine (this 
vol., p. 921), we had occasion to prepare 2-amino-3 : 4 : 2’ : 5’-tetra- 
methoxy-«-phenylcinnamic acid (II), and found that it occurs in 
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idine § two forms, one yellow, the other colourless. This communication 
Ours, # isan account of the experiments which have been carried out up to 
Was | the present time in order to elucidate the nature of this isomerism. 
€.¢.) 
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C-CO,H C-CO,H C-CO,H 
tho. ¢- MeO ’ = . 
ond OMe J/OMe 
rom 
nide The synthesis of the amino-acids (II) follows the usual stages. 
tals # 2: 5-Dimethoxybenzaldehyde, prepared by introducing the alde- 
ude # hydo-group into p-dimethoxybenzene, condenses with hippuric 
lis. acid, yielding the azlactone, 5-keto-2-phenyl-4-(2’ : 5'-dimethoxy- 
nce MH benzylidene)-4 : 5-dihydro-oxazole, which is converted into «-benz- 
ling § amido-2 : 5-dimethoxycinnamic acid by heating for a short time with 
yl. § dilute hydrochloric acid or sodium hydroxide. Prolonged alkaline 
iter # hydrolysis of the azlactone yields 2 : 5-dimethoxyphenylpyruvic acid, 
The § which is oxidised by hydrogen peroxide to 2 : 5-dimethoxyphenyl- 
ing § acetic acid. When the sodium salt of this acid is condensed with 


2-nitroveratraldehyde (Pisovschi, Ber., 1910, 43, 2137), trans- 
2-nitro-3 : 4: 2’ : 5'-tetramethoxy-x-phenylcinnamic acid (III) is 
formed, together with a small amount of 2-nitro-3 : 4-dimethoxy- 
cinnamic acid (this vol., p. 931). The reduction of the acid (ITI) 
with ferrous sulphate and ammonia yields a mixture of two 2-amino- 
3:4: 2’ : 5’-tetramethoxy-x-phenylcinnamic acids (II), A, m. p. 219°, 
which is colourless, and B, m. p. 167°, which is yellow; the marked 
difference of solubility in alcohol provides an easy method of 
separation. These acids are interconvertible: the addition of an 
excess of sodium acetate to a solution of either in dilute hydrochioric 
acid precipitates the acid B, and either acid, uncontaminated by the 
other, may readily be obtained at will when an ammoniacal solution 
of A or B is treated with acetic acid under conditions which are 
described in the experimental section. Both these acids must have 
the trans-configuration for the following reasons. In the first place, 
both yield 3:4:5: 8-tetramethoxyphenanthrene-9-carboxylic acid 
(IV) when a methyl-alcoholic solution of the diazonium sulphate is 
boiled. When the acid (IV) is heated with glacial acetic acid in a 
sealed tube, it loses carbon dioxide and forms 3:4: 5: 8-fetra- 
methoxyphenanthrene. Secondly, the corresponding cis-amino-acid 
exists only in alkaline solution. Thus, trans-2-nitro-3 :4:2':5’- 
tetramethoxy-«-phenyleinnamic acid (III) is partly converted into 
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cis-2-nitro-3 : 4 : 2’ : 5'-tetramethoxy-«-phenylcinnamic acid (V) when 
an aqueous solution of its sodium salt is exposed to ultra-violet light, 
and the reduction of the barium salt of this acid (V) with ferrous 
sulphate yields a solution from which hydrochloric acid precipitates 
7:8: 2’: 5'-tetramethoxy-3-phenylcarbostyril (VI) (compare Stoermer, 
loc. cit., p. 18). The same carbostyril derivative is formed from the 
amino-acids (II), either by exposing an alcoholic solution of B to 
ultra-violet light, or by heating A or B with acetic anhydride and a 
trace of sulphuric acid. 


MeO, 
ON “Ou : | ee 
\ : ) Me ave 
MeO | N {) 
. ee H OMe 


The difference in colour of alcoholic solutions of the acids A 
(almost colourless) and B (bright yellow) indicates that the isomerism 
is not due merely to dimorphism, and the molecular weights of the 
acids confirm this deduction. The acid B, m. p. 167°, proved to be 
unimolecular in camphor (Rast, Ber., 1922, 55, 1051), as was to be 
expected from its lower melting point and the close resemblance 
of its properties to those of other 2-amino-«-aryleinnamic acids. 
The acid A, m. p. 219°, on the other hand, was bimolecular, and 
therefore it became important to determine the molecular weights 
in other solvents, and to ascertain the effect of adding a small 
amount of one form to a saturated solution of the other (compare 
Sidgwick, J., 1915, 107, 672). The sparing solubility of the acid A 
restricted the choice of solvent: in benzene, for example, it is 
practically insoluble. In azobenzene, the acids A and B were 
associated, but at comparable concentrations the observed values 
for the molecular weights of A were approximately twice those of 
B. In acetic acid, the acids A and B were readily soluble and both 
appeared to be unimolecular ; the values for A were consistently low, 
but it should be noted that this acid retains moisture, which cannot 
be eliminated without causing decomposition. 

Tn acid or alkaline solutions the unimolecular form of the 2-amino- 
«-arylcinnamic acids predominates. (The properties of the hydro- 
chloride and chloroplatinate of Pschorr’s colourless amino-acid, 
loc. cit., are also those of the corresponding derivatives of the yellow 
form, and we consider that these are all salts of the unimolecular 
yellow form.) In neutral solvents, on the other hand, the bi- 
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molecular is the stable form, and we have observed that in benzene 
or azobenzene the acid B changes into the acid A in a comparatively 
short time. 

The precise nature of the bimolecular form of these acids can be 
elucidated only by the further study of this and other cases of the 
isomerism. Since the analytical data for Pschorr’s acid indicate 
that it is anhydrous, it is not possible on the basis of the available 
evidence to decide whether the water of crystallisation of the acid 
Ais essential for the production of the bimolecular form, or whether 
the A type is composed intrinsically of two molecules of the B type, 
and we wish therefore to record the facts, and to postpone the dis- 
cussion of the theoretical question until a later publication. 


EXPERIMENTAL. 


2: 5-Dimethoxybenzaldehyde—After several _ unsatisfactory 
attempts to introduce the aldehydo-group into quinol by the method 
of Tiemann and Miiller (Ber., 1881, 14, 1986), the modification of the 
Gattermann aldehyde synthesis recommended by Adams and 
levine (J. Amer. Chem. Soc., 1923, 45, 2373; 1924, 46, 1518) was 
found to be satisfactory. The conditions which have already been 
detailed (this vol., p. 929) were closely adhered to, and the pure 
aldehyde was obtained in a yield of 70% of that theoretically 
possible. 

5- Keto -2 - phenyl -4-(2’ : 5'- dimethoxybenzylidene) - 4 : 5 - dihydro - 
ovazole-—This azlactone is obtained by heating together on a 
boiling water-bath 2 : 5-dimethoxybenzaldehyde (10 g.), hippuric 
acid (12 g.), fused sodium acetate (12 g.), and acetic anhydride 
(20 c.c.). The orange product is washed with cold alcohol and 
repeatedly boiled with water (yield, 75%); further treatment is 
winecessary for the next stage. The azlactone crystallises from 
acetic acid, ethyl acetate, or ethyl alcohol, from which it separates in 
orange needles, m. p. 170—172° (Found: N, 4-4. C,H,,O,N 
requires N, 4-5%). 

«-Benzamido-2 : 5-dimethoxycinnamic Acid, 

C,H,(OMe).°CH:C(NHBz)-CO,H. 

—When the azlactone is boiled for a short time with alcoholic 
hydrochloric acid or with dilute sodium hydroxide, a clear solution 
is obtained which deposits this acid on cooling or acidification, 
respectively. It separates from alcohol in colourless needles, m. p. 
195—196° (Found in material dried at 100°: N, 4:5. C,,H,,O;N 
requires N, 4:39). The azlactone is regenerated by boiling with 
acetic anhydride. 

2:5-Dimethoxyphenylpyruvic acid, CgH,(MeO),°CH,°CO-CO,H, is 


1482 GULLAND AND VIRDEN : 


obtained in 76% yield when the azlactone is hydrolysed by boiling 
10% sodium hydroxide solution for 12 hours, and the product js 
separated from benzoic acid by the sulphur dioxide method of 
Haworth, Perkin, and Rankin (J., 1924, 125, 1686). It separates 
from glacial acetic acid in cream-coloured octahedra, m. p. 166— 
170° (decomp.), which are rather readily soluble in methyl alcohol 
or acetone, but sparingly soluble in benzene (Found: C, 58-8; 
H, 5-5. ©,,H,,0; requires C, 58-9; H, 5-3%). 

3-Hydroxy-2' : 5’-dimethoxy - 2 - benzylquinoxaline.—2 : 5 - Dimeth- 
oxyphenylpyruvic acid (2 g.) and o-phenylenediamine (1 g.) in ethy| 
alcohol (5 c.c.) are heated on the water-bath for a few minutes. On 
cooling, the clear solution deposits colourless needles, which after 
recrystallisation from ethyl alcohol melt at 179—180°, and retain 
half a molecule of alcohol when dried in a vacuum desiccator (Found: 
loss at 120°, 7-1; N, 8-8. ©,,H,,O;N,,sEtOH requires loss, 7-2; 
N, 8-8%). 

2:5-Dimethoxyphenylacetic acid, (MeO),C,H,‘CH,°CO,H, is 
obtained (yield, 80°) when a solution of 2: 5-dimethoxyphenyi- 
pyruvic acid (5 g.) in ice-cold sodium hydroxide (35 c.c. of 2N) is 
oxidised by perhydrol (5-5 ¢.c. made up to 20 ¢.c.). Next day the 
pure acid is precipitated in colourless needles by dilute sulphuric 
acid. It crystallises from benzene in plates, m. p. 123°, which 
dissolve readily in alcohol, ether, and acetone (Found: C, 60-8; 
H, 6:0. Cale.: C, 61-2; H, 61%). Wolkow and Baumann 
(Z. physiol. Chem., 1892, 15, 214) give m. p. 124-5°. The sodium 
salt is prepared by evaporating to dryness a solution of the acid in 
the calculated amount of aqueous sodium carbonate. 

Condensation of 2-Nitroveratraldehyde with 2 : 5-Dimethoxyphenyl- 
acetic Acid. trans-2-Nitro-3 : 4: 2’ : 5’-tetramethoxy-«-phenylcinnan- 
ic Acid (III) and trans-2-Nitro-3 : 4-dimethoxycinnamic Acid.—A 
mixture of sodium 2: 5-dimethoxyphenylacetate (10 g.), 2-nitro- 
veratraldehyde (Pisovschi, Ber., 1910, 43, 2137) (30 g.), and acetic 
anhydride (200 g.) is heated at 100° for 60 hours. Water is then 
added to destroy the acetic anhydride, and the residual oil ‘is 
repeatedly extracted with small quantities of boiling dilute sodium 
carbonate solution. On cooling, the combined extracts deposit 
long silky needles of sodium trans-2-nitro-3 : 4 : 2’ : 5’-tetramethoxy- 
a-phenylcinnamate. These are ground with concentrated hydro- 
chloric acid ; the acid obtained, after being washed and dried (13-5 g.), 
crystallises from ethyl alcohol in bright yellow, hexagonal plates, 
m. p. 204—205° (Found: C, 58-9; H, 4-9. C,,H,,O,N requires 
C, 58-6; H, 4-9%). 

Acidification with concentrated hydrochloric acid of the alkaline 
mother-liquor from which the sodium salt has separated (above) 
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precipitates trans-2-nitro-3 :4-dimethoxycinnamic acid (1-5 g.), 
which crystallises from ethyl alcohol in colourless needles, m. p. 229° 
with softening from 216°. There is no depression in the melting 
point of a mixture of this acid with the cinnamic acid obtained by 
the condensation of 2-nitroveratraldehyde and malonic acid (com- 
pare this vol., p. 932)... The amount of this acid which is produced 
in the condensation described above increases rapidly with rise in 
temperature, and in earlier experiments it was observed that when 
the reaction took place at 140° equal weights of the two acids were 
produced. 

The Isomeric trans-2-Amino-3 : 4 : 2’ : 5'-tetramethoxy-a-phenyl- 
cmnamic Acids, A and B (Il),—A hot solution of trans-2-nitro- 
3:4: 2’ : 5’-tetramethoxy-«-phenylcinnamic acid (13-0 g.) in dilute 
ammonia (100 c.c.) is added carefully (frothing) to a hot reducing 
mixture previously prepared by the addition of ammonia (d 0-880; 
120 c.c.) to @ solution of ferrous sulphate (83-6 g.) in hot water 
(150 c.c.); the mixture is heated on the water-bath for 30 minutes. 
After the ferrosoferric oxide has been thoroughly washed with 
dilute ammonia, the combined filtrate and washings are cooled and 
just acidified with glacial acetic acid. The product separates as a 
gunmy mass which rapidly crystallises; on recrystallisation from 
ethyl alcohol, the acid A (7:5. g.) separates in colourless needles. 
From the alcoholic mother-liquor, when evaporated to small bulk 
and cooled, the acid Bis obtained as yellow needies (0-5 g.). 
The quantity of this acid increases, and the amount of A decreases 
correspondingly, if an excess of acetic acid is used in precipitating the 
product of the reduction. 

The acid B is purified by dissolving it in cold, dilute hydrochloric 
acid (charcoal) and precipitating it by the addition of sodium acetate 
solution. After being washed with water and dried on porous tile, 
it crystallises from ethyl alcohol in yellow needles, m. p. 167° 
(Found in material heated at 100°: C, 62-6, 62:3; H, 5-6, 5-7; 
N, 3-8; OMe, 33-2. C, ,H,,0,N requires C, 63-5; H, 5-9; N, 3-9; 
40Me, 345%). The somewhat low percentage of carbon indicates 
the retention of traces of moisture, which are lost only by heating 
to 140° (Loss at 140°: 0-6, 0-7%. Found in material dried at 
140°: C, 63-5; H, 6-0%). The acid forms a yellow solution in 
dilute hydrochloric acid and a colourless solution in dilute sodium 
hydroxide or carbonate or ammonia, and is precipitated from these 
by the addition of sodium acetate or acetic acid respectively. It 
dissolves rather readily in methyl or ethyl alcohol, forming a bright 
yellow solution, but is sparingly soluble in cold benzene. It was 
converted into an uncrystallisable gum when a 0-:1% aqueous 
solution was boiled under reflux for 12 hours. 
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When an ethyl-alcoholic solution of the acid B in a silica flask ig 
exposed to ultra-violet light for several days, 7:8 : 2’ : 5’-tetra. 
methoxy-3-phenylcarbostyril (V1) separates quantitatively as colour. 
less needles, m. p. 189° (Found: C, 64:3; H, 5-7. C,H,,0.N 
requires C, 64-6; H, 5-4%). The same substance is obtained by 
heating for 30 minutes on the water-bath a solution of the acid 
(0-5 g.) in acetic anhydride (5 c.c.) containing one drop of concen. 
trated sulphuric acid, pouring the mixture into water, and crystallis. 
ing the precipitate from alcohol. It is insoluble in sodium carbonate, 
but dissolves in concentrated sodium hydroxide or concentrated 
hydrochloric acid. 

The acid A, when obtained as described above, softens at 180° 
and melts at 198°. In attempting to purify it in the first instance, 
it was dissolved in sodium bicarbonate and precipitated by the slow 
addition of glacial acetic acid and scratching. On this occasion only 
was the acid A reprecipitated in this way; in all subsequent cases, 
the acid Bseparated. Further investigation showed that the acid A 
is obtained in a pure condition when a solution of the crude acid, 
m. p. 198°, in dilute ammonia is just neutralised with the requisite 
quantity of acetic acid (previously determined by titration); no 
separation takes place until the vessel is scratched ; the acid A is then 
precipitated as a colourless, crystalline powder. On recrystallisation 
from ethyl alcohol it forms colourless needles, m. p. 219°, which 
retain water of crystallisation at 140° (Found : C, 62-1, 62-3, 62-4; 
H, 6-2, 6-4, 6-2. C,,H,,0,N,}H,O requires C, 62-0; H, 6-0%). It 
dissolves sparingly in hot ethyl alcohol, forming a faintly yellow 
solution from which it crystallises on cooling, and it is insoluble in 
benzene (mean f. p. of benzene, 0-061°; after addition of the acid A, 
0-059°). Its solution in dilute hydrochloric acid is yellow, and in 
sodium hydroxide or carbonate or ammonia colourless ; the addition 
of sodium acetate or acetic acid, respectively, precipitates the acid 
B. On the other hand, by neutralising a solution of either acid, 
A or B, in dilute ammonia by the sudden addition, with vigorous 
mechanical stirring, of the calculated amount of acetic acid (pre- 
viously determined), a clear, colourless solution is obtained which 
deposits the acid A on scratching. This difference in the precipita- 
tion of the two acids is presumably due to the formation of a neutral, 
supersaturated solution, and explains the production of both acids 
in the reduction of the nitro-acid and careful precipitation by acetic 
acid. The acid A crystallised unchanged when a 0-1% aqueous 
solution which had been boiled under reflux for 12 hours was con- 
centrated. When heated with acetic anhydride and sulphuric acid 
as described in the case of the acid B, it is converted quantitatively 
into 7:8: 2’: 5’-tetramethoxy-3-phenylearbostyril (V1). 
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Molecular weights of the acids A and B. For C,,H,,0,N,M = 359. 
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Transformation: of the Acid B into the Acid A in Azobenzene.— 
The azobenzene was distilled, crystallised from ethyl alcohol, and 
dried at 100°, and the samples of the acids were dissolved in the solvent 
by warming to about 80°, except where otherwise stated. The 
freezing point of a freshly prepared solution of the acid A, saturated 
at about 80°, was 0-211° below that of azobenzene, but it is probable 
that the solution was supersaturated, since the depression fell to 
006° in the course of 1} hours. The addition (without warming) 
of some of the acid B to the fresh solution of A increased the depres- 
sion to 0-436°. The depression of a freshly prepared 8-8°% solution 
of the acid B was 0-666°, and after } hour this had decreased to 
0-229°. On addition of some of the acid A (without warming), the 
freezing point continued to rise (0-198°), and after 4 hour the 
depression was 0-088°. On dissolving the azobenzene in benzene, 
the whole of the amino-acid was recovered in the insoluble, 
bimolecular form. 

cis-2-Nitro-3 : 4 : 2’ : 5'-tetramethoxy-a-phenyleinnamic Acid (V) 
ard its Reduction—A concentrated aqueous solution of sodium 
trans-2-nitro-3 : 4 : 2’ : 5’-tetramethoxy-«-phenylcinnamate in a 
quartz flask is exposed to ultra-violet light for 8 days. (Subsequent 
experiments showed that the yield of cis-acid is not increased by more 
prolonged exposure.) The solution is then just acidified with acetic 
acid, and the unchanged trans-acid (4:75 g.) which separates is 
removed. The addition of concentrated hydrochloric acid now 
precipitates the cis-acid (0-15 g.) in an impure condition. The 
combined yields of cis-acid from two experiments are recrystallised 
from ethyl alcohol, from which the cis-acid separates in pale yellow 
needles, m. p. 186° (Found: C, 58-4; H, 4:9. C,,H,,0,N requires 

', 38°6; H, 49%). 

The alkaline reduction of this acid yields a solution of the corre- 
sponding cis-2-amino-3 : 4 : 2’ : 5’-tetramethoxy-«-phenylcinnamic 
acid, which passes into 7:8: 2’ : 5’-tetramethoxy-3-phenylcarbo- 
styril (VI) on acidification. A solution of the cis-nitro-acid (0-08 g.) 
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in a little dilute ammonia is added to a hot reducing mixture, pre. 
pared from barium hydroxide (0-55 g.) in hot water (10 c.c.) and 
ferrous sulphate (0-53 g.) in hot water (8 c.c.). During the reaction 
a stream of nitrogen is passed through the vessel in order to prevent 
atmospheric oxidation of the ferrous hydroxide. The mixture is 
heated on the water-bath for 15 minutes and filtered, and the cooled 
filtrate is acidified by hydrochloric acid. The carbostyril which 
separates crystallises from ethyl alcohol in colourless. needles, m. p, 
189°; there is no depression of the melting point of a mixture of this 
preparation with the material obtained from the trans-amino-acid. 

3: 4:5: 8-Tetramethoxyphenanthrene-9-carboxylic Acid (IV).—An 
ice-cold solution of  trans-2-amino-3 : 4: 2’ : 5’-tetramethoxy- 
«-phenylcinnamic acid (4 g.) in methyl alcohol (60 c.c.) and sulphuric 
acid (40 c.c. of 2N) is diazotised, and the clear red solution is diluted 
with water and héated at 60° until the evolution of nitrogen ceases; 
the acid is then precipitated as a gum, which becomes crystalline 
on being rubbed with alcohol (yield, about 50%). The acid crystal- 
lises from ethyl alcohol in colourless needles of constant m. p. 190— 
198° (Found: C, 66-2; H, 5-2. C,9H,,0, requires C, 66-7; H, 
53%). 

3:4:5: 8-Tetramethoxyphenanthrene.—The preceding acid (1 g.) 
in glacial acetic acid (40 c.c.) is heated in a sealed tube at 240° for 
40 hours. The dark solution is poured into water, made alkaline 
with ammonia, and extracted with ether. The extract is washed 
and dried, the solvent evaporated, and the residual oil crystallised 
repeatedly from methyl alcohol, from which 3 : 4 : 5 : 8-tetramethouy- 
phenanthrene separates in light brown needles, m. p. 118—120° 
(Found: C, 71-9; H, 5-9. C,,H,,0, requires C, 72-5; H, 6-0%). 

The picrate, prepared in alcoholic solution, separates from ethyl 
alcohol in dark chocolate needles, m. p. 158° (Found: N, 74. 
C.,H,,0,,N, requires N, 7-9%). ; 
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(XCVI.—The Action of Bromine Water on Certain 
Olefinic Hydrocarbons and Ethers. 


By Joun Reap and Wiit1Am Gattoway Ret. 


From the series of researches indicated in a recent communication 
(this vol., p. 745), it has become evident that wide use may be made 
of chlorine water and bromine water as reagents for the addition of 
hypochlorous and hypobromous acids to olefinic substances. The 
present paper describes the application of bromine water in this 
way to styrene and a number of related aromatic ethers, and also to 
amylene and dl-A?-menthene. Since the first-named group yields 
bromohydrins which are not readily affected by hot water, it has 
been possible to adduce four further examples in which the yield of 
bromohydrin is increased by raising the temperature during the 
reaction with bromine water. Under the conditions adopted, the 
percentage yields of bromohydrin obtained at the ordinary tem- 
perature and at about 90°, respectively, were as follows: styrene, 
17-9, 96:7; anethole, 47-9, 76-1; safrole, 65-2, 69-2; isosafrole, 
67-0, 72:8. Taking into account the behaviour of oleic acid and 
indene (loc. cit.), it thus appears to be a general rule that when the 
halogenohydrin is stable towards hot water the ratio halogeno- 
hydrin /dihalogenide increases with rise of temperature. ‘The yield 
of halogenohydrin is increased also by dilution. At concentrations 
from about 0-1 to 0-2 gram-molecule per litre, yields of more than 
90% of the amounts of bromohydrin theoretically possible have now 
been obtained by the action of bromine water on the following 
substances: ethylene, sodium maleate, sodium fumarate, itaconic 
acid, indene, styrene, cinnamic acid, methylcoumaric acid, and 
methyleoumarinic acid. Of the other substances investigated, 
maleic acid and allyl alcohol gave yields of more than 85%; and 
amylene, anethole, safrole and isosafrole gave from about 70% to 
80°, dl-A?-menthene 62-9%, and oleic acid 51:5%. 

It has already been pointed out that the reactions in question 
may be used, inter alia, for the rapid and convenient preparation 
of aldehydes and ketones from olefinic substances, e.g., of phenyl- 
acetaldehyde from cinnamic acid, and of $-hydrindone from indene 
(J., 1921, 419, 1775; 1922, 124, 2551); we describe below a similar 
conversion of amylene (trimethylethylene) into trimethylethylene 
oxide and methyl isopropyl ketone. We have also taken occasion 
to prepare certain af-amino-alcohols by the action of cold con- 
centrated ammonia on the corresponding bromohydrins. Thus, 
styrene yields 8-hydroxy-$-phenylethylamine ; since the same base 
has been obtained by reducing isonitrosoacetophenone (Kolshorn, 
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Ber., 1904, 37, 2483), the position of the amino-group and the mode 
of addition of the hypobromous acid are thereby established. Ina 
similar way, we have prepared §-hydroxy-§-p-methoxypheny). 
isopropylamine (m. p. 84°) from anethole, and have moreover 
resolved it into optically active components (m. p. 80—8I1°), 
8-Hydroxy-«-p-methoxyphenylpropylamine has been described by 
Takeda and Kuroda (J. Pharm. Japan, 1919, 561); our substance 
appears to be identical with an isomeric alkamine (m. p. 80°), of 
undetermined constitution, prepared by these authors. By apply. 
ing the same method to amylene we have been able to prepare 
y-amino-$-hydroxy-8-methylbutane, an asymmetrically constituted 
base which we have as yet been unable to submit to optical 
resolution. 
EXPERIMENTAL. 

The Action of Bromine Water on Styrene.—(1) To 500 c.c. of water, 
maintained at about 90°, were added four successive portions of 
5 g. of styrene. To the mixture, thoroughly emulsified in each 
instance by vigorous shaking, a 7% solution of bromine in aqueous 
potassium bromide (10°) was added with moderate rapidity until 
the attainment, after continued shaking, of a permanent yellow tint. 
The amount of bromine added at each stage was noted, and its 
distribution was determined by titrating the resulting hydrobromic 
acid in a small measured volume of the aqueous solution with 
standard sodium bicarbonate. 

The proportion of bromine converted into bromohydrin and hydro- 
bromic acid declined in the successive stages from 97-6°% to 94-99%, 
and of the total amount of bromine added (25-85 g.), 96-7°% reacted 
in this way, leaving only 3-3% to function in the formation of 
dibromide. From these results it is also apparent that of the 20 ¢. 
of styrene used, only 16-8 g. reacted, owing possibly to the presence 
of polymerisation products.* Extraction with ether yielded a 
limpid, amber-coloured liquid (35 g.), having nj’ 1-5780. The 
bulk of the product (21 g.), distilling at 109—110°/2 mm., and having 
nj 1-5800, d? 1-4994, consisted of styrene bromohydrin, or 
8-hydroxy-B-phenylethyl bromide, OH-CHPh-CH,Br. This substance 
is a heavy, colourless liquid, with an irritating odour; it is almost 
insoluble in water (Found: Br, 40-0. C,H,OBr requires Br, 
39-8%). It was impracticable to distil the product of the reaction 
at 10 mm., owing to decomposition. 

(2) Upon conducting the operation at the ordinary temperature, 
the yield of bromohydrin fell to 77-99%, and the extracted oily pro- 
duct deposited crystals of styrene dibromide («8-dibromo-«-pheny!- 

* The original styrene distilled completely between 78° and 85°, and 80° 
passed over between 80° and 83°. 
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ethane) when kept (m. p. 74—75°) (Found: Br, 60-1. Cale. for 
(,H,Br.: Br, 60-4%). Attempts to prepare the bromohydrin 
from the dibromide by digestion with aqueous alcohol or acetone in 
presence of calcium carbonate were unsuccessful, the dibromide 
remaining practically unaltered after 10 hours. It is thus improb- 
able that the enhanced yield of bromohydrin at the higher tem- 
perature is due to partial hydrolysis of the dibromide. 

8 - Hydroxy - 8 - phenylethylamine, OH*CHPh-CH,*NH,.—Styrene 
bromohydrin (10 g.) was shaken mechanically with concentrated 
aqueous ammonia (50 g.) for 10 hours. The excess of ammonia 
was then removed by spontaneous evaporation in an open dish, and 
the oily by-products (including bromostyrene) by subsequent 
extraction with ether. The concentrated aqueous residue yielded 
a brownish-yellow syrup (1-7 g.) when basified with potassium 
hydroxide and extracted with ether. This product consisted of the 
free hydroxy-amine, and when submitted to the Schotten-Baumann 
reaction with benzoyl chloride it readily gave the corresponding 
benzoyl derivative, m. p. 143° (Ber., 1904, 37, 2483) (Found : 
(,74:2; H, 6-5. Cale. for C,;;H,;0O.N : C, 74-7; H, 6-2%). 

The Action of Bromine Water on Anethole.—(1) To 10g. of anethole 
emulsified in 250 c.c. of water at about 90° was gradually added 
bromine (10-85 g.; 1 mol.) dissolved in aqueous potassium bromide 
(10 g. in 150 ¢.c.), the mixture being shaken vigorously throughout 
the process. A determination of the resulting hydrobromic acid 
showed that 76-1°% of the bromine had reacted to form this sub- 
stance and the bromohydrin. The pasty product, when extracted 
with ether and dried (17 g.), deposited crystals of anethole dibromide 
(m. p. 67°). The residual viscid syrup, which had a very irritating 
odour, decomposed when heated in a vacuum apparatus. 

(2) When the operation was repeated at the ordinary temperature, 
a suspension of finely powdered anethole in water being used, only 
47-9°, of the bromine reacted to form bromohydrin and hydro- 
bromic acid, and a larger proportion of crystalline anethole dibromide 
was isolated from the product. In both instances the calculated 
quantity of bromine reacted with the anethole. 

8-H ydroxy-B-p-methoxyphenylisopropylamine, 

MeO-C,H,°CH(OH)-CHMe-NH,. 
—Anethole bromohydrin (50 g.), prepared from anethole dibromide 
(Ber., 1905, 38, 3470), was shaken for 3 days with concentrated 
ammonia (250 g.). After the product had been exposed over-night 
in an open dish, the residual oil was extracted with ether; the 
aqueous washings of the ethereal extract were added to the original 
aqueous liquor, and most of the water was removed by evaporation 
onthe water-bath. The free base, isolated in the usual way, formed 
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a viscid syrup (7 g.), which gradually crystallised; the colourless 
product ebtained by washing with ether melted at 84°. The base 
is insoluble in light petroleum, moderately easily soluble in ether, 
and readily soluble in water. The hydrochloride, after recrystal. 
lisation from acetone, melted at 182°; it is very soluble in alcohol 
or water (Found: Cl, 16-3. Cyj9H,;0,.N,HCl requires Cl, 16-3%), 
The benzoyl derivative crystallised from alcohol in fine needles, 
m. p. 159°; the benzylidene derivative is a viscid syrup. 

The crude d-camphorsulphonate had [«]) +15-0°, [M], +62°, in 
1% aqueous solution. After two fractional recrystallisations from 
hot absolute alcohol, this salt yielded large colourless prisms of 
d-8-hydroxy-8-p-methoxyphenylisopropylamine d-camphorsulphonate, 
m. p. 194—195°, [«], +20-5°, [M], +85°; the rotatory power was 
unaltered by further recrystallisation. d-§-Hydroxy-8-p-methozy- 
phenylisopropylamine separates from ether in needles, m. p. 80— 
81°. The following determinations of optical rotatory power were 
made at 15°: [a]p +4-6°, [M]p +8° (water, c 1-0); [a]p +13-9°, 
[Mp +25° (methyl alcohol, ¢ 1-0); [a]p +18-4°, [M]p +33° (ethyl 
alcohol, ¢ 0:6) ; [«]p +22-9°, [M]p +-41-5° (benzene, c 1-2) ; [a]p +21-7°, 
[M]p +39° (acetone, c 0-6). The hydrochloride, m.p.. 171—172°, 
had [«]p +14:7°, [M]p +32°, in water (c 0-9) (Found : Cl, 16-3%). 
The benzoyl derivative crystallised from alcohol in fine needles, 
m. p. 153—154°; a 0-5% alcoholic solution showed no measurable 
optical activity when examined in a 2-dem. tube in sodium light. 

The crude d-«-bromocamphorsulphonate of the inactive base 
formed large prisms, m. p. 103°. 

The Action of Bromine Water on Safrole-—A procedure was 
adopted exactly similar to that described for anethole. At about 
90°, 69-2°% of the added bromine was used in the formation of 
bromohydrin and hydrobromic acid, and at the ordinary temperature 
the proportion fell to 65-2%. In both instances the calculated 
amount of bromine was absorbed, and 10 g. of safrole yielded 17 g. 
of a dark brown, viscid syrup with an irritating odour; when kept 
for a while, this deposited colourless needles of safrole dibromide, 
which melted at 87° after being collected and washed with ether 
(Found: Br, 49-1. C,)H,,0,Br, requires Br, 49-7%). The 
dibromide obtained by brominating safrole in chloroform and other 
organic solvents was a liquid which could not beinduced to crystallise. 

The Action of Bromine Water on isoSafrole, Eugenol, and iso- 
Eugenol.—isoSafrole behaved very similarly to safrole, the pro- 
portions of bromine functioning in the formation of bromohydrin 
and hydrobromic acid being 72-8% at 90° and 67-0% at the ordinary 
temperature. 

Upon treating isosafrole bromohydrin (50 g.; compare Ber., 
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1905, 38, 3469) with: concentrated ammonia, in the way described 

for styrene bromohydrin, it yielded a viscid oil (6 g.), which appeared 

to consist of B-amino-«-hydroxydihydroisosafrole, 
CH,0,:C,H,-CH(OH):CHMe-NH,. 

The hydrochloride separated from acetone in colourless needles, 

mn. p. 154° (Found : Cl, 15-2. C,9H,,0,N,HCl requires Cl, 15:3%). 

Eugenol and isoeugenol yielded indefinite tarry products when 
trated with bromine water, even when the mixtures were cooled 
in ice-water; this result is probably to be associated with the 
phenolic character of these ethers. 

The Action of Bromine Water on Amylene.—The commercial 
amylene used in this work consisted mainly of trimethylethylene 
(b. p. 37°); 10% distilled below 34°, 77% between 34° and 40°, and 
8% between 40° and 50°. The crude amylene (10 g.) was emulsified 
with water (200 c.c.) at the ordinary temperature and treated 
gradually, in the usual way, with a solution of bromine (22-9 g.; 
1 mol.) in water (300 c.c.) containing dissolved potassium bromide 
(0 g.). A permanent yellow tinge was produced after the addition 
of 73-39% (220 c.c.) of this solution; so that 26-7% of the hydro- 
carbon mixture appeared to be unaffected by bromine water. 
Titration disclosed that 78-9°% of the added bromine had reacted to 
form bromohydrin and hydrobromic acid. The product was isolated, 
by extraction with ether, as a limpid, pale yellow liquid (18 g.) with 
an irritating odour. After three successive fractional distillations 
under diminished pressure, this material gave a 50% yield of a 
colourless liquid which distilled completely at 45—46°/12 mm. and 
appeared to be identical with the amylene bromohydrin (y-bromo- 
s-hydroxy-6-methylbutane) prepared by Mokiewsky (J. Russ. 
Phys. Chem. Soc., 1898, 30, 900) (Found: Br, 48-1. Calc. for 
(;H,,0Br: Br, 47-9%). 

y-Amino-8-hydroxy-B-methylbutane, OH-CMe,*CHMe-NH,.—Upon 
shaking amylene bromohydrin (40 g.), prepared as above, for 24 
hours in a stoppered bottle with concentrated ammonia (200 g.) the 
oily layer gradually diminished but did not disappear completely. 
Excess of ammonia was allowed to evaporate in an open dish, and 
the oil was extracted with ether; when recovered, it had n}*° 1-5043 
and contained no bromohydrin or base. The aqueous layer, when 
evaporated to small bulk, basified, and extracted with ether, 
yielded a brown oil (11-5 g.) with a strong basic odour; the bulk 
of this product distilled at 60—62°/16 mm. as a pale yellow oil. 
The chloroplatinate separated from a strong aqueous solution in 
orange prisms, m. p. 186° (decomp.) [Found: Pt, 31-8. 
(C;]H,,0N),.,H,PtCl, requires Pt, 31:7%]. The benzoyl derivative 
was obtained as an oil, and the p-nitrobenzoyl derivative melted 
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indefinitely at about 65°. The d-«-bromocamphorsul phonate crystal. 
lised from acetone in felted masses of colourless needles, m. p. 170°: 
systematic fractional crystallisation from this solvent yielded frac. 
tions with values of [«], ranging from +61° to +66° in dilute 
aqueous solution, but no appreciable optical rotation was discernible 
in dilute alcoholic solutions of specimens of the free base regenerated 
from such fractions. The d-camphorsulphonate separated from 
ethyl acetate in glistening plates, m. p. 144°; fractional crystallis. 
ation of this salt also failed to yield an indication of the optical 
resolution of the base. 

Trimethylethylene Oxide (By-oxy-8-methylbutane), Me,C-——CHMe. 
—Upon heating amylene bromohydrin with potassium hydroxide 
dissolved in methyl or ethyl alcohol, it proved impracticable to 
separate the resulting trimethylethylene oxide from the solvent. 
Accordingly, the bromohydrin (200 g.) was added to potassium 
hydroxide (70 g.) dissolved in water (500 c.c.), the mixture being 
heated for $ hour on the water-bath under reflux, with frequent 
shaking. After the upper oily layer had been separated, the aqueous 
liquid was distilled until no more oil passed over; upon adding the 
distillate to the oily layer, drying the mixture with sodium sulphate, 
and distilling it, the whole (53 g.) passed over at 74—78°. From 
this result, taken in conjunction with the observed values d} 0-827, 
dj. 0-8288, and nj§ 1-3896, the product appeared to be identical 
with trimethylethylene oxide described by Eltekow (J. Russ. Phys. 
Chem. Soc., 1882, 14, 361). 

MethylisoPropyl Ketone, CHMe,*COMe.—Heat was evolved upon 
adding trimethylethylene oxide to dilute sulphuric acid, and the 
product which was isolated after the mixture had been boiled for 2 
hours under reflux consisted of a mixture of methyl isopropyl] ketone 
and the corresponding glycol. The ketone was prepared in better 
yield (10 g.) by heating amylene bromohydrin (25 g.) with litharge 
(50 g.) and lead chloride (10 g.) at 200° for 7 hours in a sealed tube; 
it was also formed by heating the bromohydrin with water at 100 
(compare J. Russ. Phys. Chem. Soc., 1902, 34, 287). 

The Action of Bromine Water on dl-A’-Menthene.—We ate 
indebted to Dr. G. J. Robertson, of this College, for the particulars 
of a method devised by him for preparing dl-A?-menthene (compare 
Milobedzki and Kolitowska, Roczniki Chem., 1926, 6, 67) : 

dil-Menthol (31-2 g.) was added gradually to phosphorus trichloride 
(27-5 g.; 1 mol.), the container being cooled in water. The clear 
liquid was then heated slowly to 80° and kept at that temperature 
for about an hour, until the evolution of hydrogen chloride had 
practically ceased. The product was poured into ice-water, and the 
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oil was extracted with ether, washed with water, and dried over 
sodium sulphate. After two fractional distillations under diminished 
pressure, dl-A?-menthene,* b. p. 60—62°/15 mm., was obtained in 
good yield (23 g.). 

dl-A?-Menthene (10 g.), emulsified with ice-water (250 g.) by 
rigorous shaking in a stout glass bottle, was treated gradually in the 
usual way with bromine (11-6 g.; 1 mol.) dissolved in an aqueous 
solution (150 c.c.) of potassium bromide (10 g.). The bromine was 
decolorised at once, and the calculated amount was readily absorbed ; 
629% was found by titration to have reacted in the formation of 
hydrobromic acid and bromohydrin. The product was isolated by 
extraction with ether as an amber-coloured oil (16 g.), having 
ne 1-5111; it decomposed when submitted to vacuum distillation 
(Found: Br, 42-6. A mixture of 62-9% C,)H,,OBr and 37-1% 
(49H, sBr, requires Br, 42-5%). The utilisation of this product as a 
source of substances of interest in the chemistry of terpenes is under 
investigation. 

UnitED COLLEGE oF ST. SALVATOR AND St. LEONARD, 

University oF St. ANDREWS. [Received, April 18th, 1928.] 


CXCVII.—Optical Activity and the Polarity of 
Substituent Groups. Part IX. Menthyl Esters 
of Methoxynaphthoic and of Diphenyl-2-carboxylic 
Acids. 


By Econ BretrscHer, H. GorpoN RULE, and JOHN SPENCE. 


Ix earlier communications of this series emphasis has been placed 
on the influence of o, p-directive substituents in lowering the 
molecular rotation, when introduced into the o-position in an 
optically active ester of benzoic acid. In continuance of this line 
of investigation, the examination of a number of menthy] esters of 
methoxynaphthoic acids has now been undertaken, the methoxyl 
group having been selected as the substituent owing to the ex- 
ceptionally large depression produced by this group in the rotatory 
powers of menthy] and sec.-$-octyl benzoates. 

The a- and 8-naphthoic acids, in comparison with benzoic acid, 
offer the advantage of several different o-positions. Moreover. the 
peri-compounds of the naphthoic series have many points in common 
with the o-derivatives, and it appeared probable that an examination 


* l.Menthol, when treated similarly, was found by Dr. Robertson to yield 
a partly racemised d-A’-menthene, having [a]}}’ +-22-3°. 
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of compounds of this type might be of assistance in determini 
whether the peculiar o-effect in question is transmitted through the 
chain of carbon atoms or through space. 

Very little information is so far available regarding the influence 
of substituents on the rotatory powers of active naphthoic esters, 
The unsubstituted menthyl 1- and 2-naphthoates have been in. 
vestigated by Rupe (Annalen, 1903, 327, 186), the rotatory power 
of menthyl 1-methoxy-2-naphthoate in the crude state was 
measured by Cohen and Dudley (J., 1910, 97, 1748), and that of the 
3-methoxy-2-naphthoate * by these authors and by Pickard and 
Kenyon (J., 1915, 107, 58). In the present work, the menthy] 
esters of 2-, 4-, 5-, and 8-methoxy-l-naphthoic acids have been 
prepared and examined, and the preparations of the unsubstituted 
l-naphthoate and of the 1- and 3-methoxy-2-naphthoates have 
been repeated, the 1-methoxy-derivative having now been obtained 
in the optically pure state. In addition, the menthyl esters of 
dipheny]-2-carboxylic acid and of 2’-methoxydiphenyl-2-carboxylic 
acid have been prepared for the purpose of comparison. 

An interesting and hitherto unrecorded feature of the crystalline 
3-methoxy-2-naphthoic ester and of the newly prepared 8-methoxy- 
1-naphthoate is the powerful triboluminescence they exhibit. This 
was first observed on crushing a cake of the 3 : 2-derivative ina 
mortar in bright daylight. The deep violet flashes emitted were 
plainly visible and resembled a strong electric discharge. The 
5-methoxy-ester also is triboluminescent, but the remaining 
crystalline esters, the 4: 1- and the 2 : 1-compounds, do not possess 
this property. 

Values of [M/], obtained for the various menthy] esters, together 
with other values recorded in the literature, are summarised in 
Tables I and II. Molecular rotatory powers of the esters of diphenyl- 
2-carboxylic acid and of 2’-methoxydiphenyl-2-carboxylic acid 
in solution are given in Table III. Among the crystalline esters, 
only the 3-methoxy-2-naphthoate could be maintained in the 
supercooled condition. The 2-, 4-, 5- and 8-methoxy-1-naphthoates 
melted at comparatively high temperatures and solidified a few 
degrees below these points; the rotatory powers of these estes 
were therefore determined in solution. 

* There is some confusion in the literature regarding these acids. 1-Meth- 
oxy-2-naphthoic acid, described by Cohen and Dudley as a-methoxynaphthoie 
acid, is listed in Stelzner’s Literaturregister (1910—11, p. 705) as 4-methoxy- 
l-naphthoic acid. Similarly, the 3: 2-acid, described as B-methoxynaphthoic 
acid, is listed as the 2: 1-compound. The uncertainty is possibly due to the 
authors tabulating the ester of the a-acid under the heading of p-compounés, 
and that of the f-acid under o-compounds (p. 1735), and is increased by the 
fact that the melting points quoted for both acids are too low. 


of the 
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TaBie I. Taste IT. 
Menthyl 1-Naphthoates. Menthyl 2-Naphthoates. 


Sub- . Sub- 4 

stit. Solvent. C. [M]p . stit. Solvent. 4 [M]p . 
None 4:990 —222°3 None . —287-6° 
9-090 -—245-91 .1-MeO j — 223-84 
a 4-938 —2733 3-MeO , — 164-55 
2-MeO 6 5-000 + 20-7 

a 20:00 + 34-0 , —123 
4-MeO 5-000 —313-4 . —174¢ 

5-000 —250 cs — 159-58 
5-MeO 4-642 —262-9 

- 4-663 —231 
8MeO C,H, 4-987 —129-6 

4-995 —155-6 

ft 4-972 —114-9 

1 Rupe, Annalen, 1910, 378, 121. * Tschugaeff, C., 1902, II, 1238. 
3 See the experimental section of this paper. ‘ Cohen and Dudley, loc. cit., 
record [M], = —239° for the crude ester. 5 Cohen and Dudley find [M], = 
-166:4°. ® Kenyon and Pickard, J., 1915, 107, 58. 


» 


” 


TABLE III. 


Menthyl Diphenyl-2-carboxylate and 2'-Methoxydiphenyl-2- 
carboxylate. 
Unsubstituted ester. Substituted ester. 


In C,H, (c = 5-194) [M]p = —201°. In C,H, (c = 5-63) [M]~ = —323°. 
In C,H,-OH (c = 5:37)[M]p = —302°. 


TaB_e IV. 


Molecular Rotations [M), of Aromatic Esters? at 20°. 


1-Naphtho- 2-Naphtho- 
Active alcohol. Solvent. Benzoate. ate. ate. 
— 273°° — 287-6°8 
— 246 -— 
+ 53-7 +129-4 
d-y-Nonanol ° . — 80 + 68-4 
d-Benzylmethylcearbinol C,H,-OH , +104-5 +371+1 
’ Kenyon and Pickard, loc. cit., p. 115. ® Tschugaeff, loc. cit. * This 


paper. 


Influence of Substitution on Rotatory Power.—Before discussing 
the specific influence of the methoxyl group, it is instructive to 
compare the rotatory powers of 1- and 2-naphthoic esters with those 
of the corresponding benzoates. Reference to Table IV, which 
summarises the molecular rotatory powers recorded in the literature 
for the esters of menthol, d-8-octanol, d-y-nonanol and d-benzyl- 
methylearbinol, shows that the substitution of the 2-naphthoyl 
group for the benzoyl group results in every case in a marked increase 
inthe rotation. This increase cannot be due merely to the presence 
of the second unsaturated nucleus, since the rotatory powers of the 
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l-naphthoates are in general actually lower than those of the 
corresponding benzoates. All these differences, however, may be 
correlated with the changes in rotatory power following nuclear 
substitution in sec.-8-octyl benzoate and other active derivatives of 
benzene. In such compounds m-substituents tend to raise the 
rotatory power and p-substituents to bring about a still greater 
increase, whether the substituent be 0, p- or m-directive in type.* 
Now the change from a benzoic ester to one of 2-naphthoic acid is 
equivalent to a 3 : 4-substitution in the benzene nucleus and thus 
is accompanied by an increase in rotatory power. On the other 
hand, the passage from the 2-naphthoic to the 1-naphthoic ester 
corresponds to the transference of a ring junction from the p- to 
the o-position with respect to the carboxylic complex. As the 
substituent is here of the o, p-directive type (leading to the formation 
of «-derivatives in naphthalene), the change results in a reduction of 
rotatory power, owing to the characteristic influence of such groups 
in the o-position. 


CO-0-Cj oH ig ; CO-O-Cj oH, 


OMe 


CO-0°C,,pHj9 00°C, 9H 45 
OMe 


Returning now to the case of the methoxy-derivatives, it has 
previously been demonstrated that a methoxyl group in the 
o-position depresses the rotatory power of menthyl benzoate 
(Cohen and Dudley, Joc. cit.) and of sec.-B-octyl benzoate, whereas 
in the p-position it raises the value. The same regularity is now 
found to hold for the menthyl methoxynaphthoates (Tables I and 
II). 

The simplest example is that of the 2-naphthoic ester, in which 
the o-substituent may occupy either of the positions 1 and 3. It 
will be observed that the depression in rotatory power is mor 


* This generalisation holds for the substituents NO,, Cl, CH,-O, CO,H, 
and CH;, when introduced into the nucleus in octyl benzoate (Rule, Hay, 
Numbers, and Paterson, this vol., p. 178). Similar changes occur in the 
nuclear-substituted methyl dibenzoyltartrates (Frankland, Carter, and 
Adams, J., 1912, 101, 2470) and the substituted dianilides of tartaric acid 
(Frankland and Twiss, J., 1910, 97, 155). The relation is also evident in the 
menthyl benzoates, although here the influence of m- or p-substitution on 
rotatory power is in some cases almost negligible (Cohen, J., 1914, 105, 1892; 
1918, 118, 57). 
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pronounced in the case of the 3-methoxy-ester, which may be 
explained provisionally on the assumption of a screening effect 
exercised by the substituent. Each of the side chains attached to 
the ring bearing the carboxyl group has its own specific influence 
on the rotation, and following the generalisation formulated above 
it would be expected that the union of the second ring would 
depress the rotatory power in the o-position, but raise it to an 
increasing extent as it passes from the m- to the p-position. In 
menthyl 3-methoxy-2-naphthoate the elevating influence of the 
pring junction on the active complex appears to be partially 
sreened by the substituents in the intermediate positions. The 
chief influences at work here are the depressive effect of the 
omethoxy-group and the comparatively small elevating effect of 
the m-ring junction. In 1-methoxy-2-naphthoate the  m-ring 
junction appears to be screened, whilst the stronger elevating 
influence of the p-junction has full play, thus leading to a higher 
rotatory power for this isomeride than for the 3-methoxy-derivative. 

Among the menthyl I-naphthoates, a methoxyl group in the 
2-position exerts so marked an influence that the rotatory power is 
actually reversed in sign. This is a rare phenomenon with 1-menthyl 
esters; a similar dextrorotation has also been recorded for menthyl 
triphenylacetate (Tschugaeff, Ber., 1912, 45, 2760), menthyl 1 : 4-di- 
hydronaphthoate (Rupe, Annalen, 1903, 327, 186), and certain 
complex thio-esters (Tschugaeff, Ber., 1909, 42, 2246). In the 
present instance the reversal appears to be due to the additive 
lowering influence of two groups, each of the o, p-directive type. 
The case is thus analogous to that of the 2 : 6-dibromobenzoic ester 
examined by Cohen (J., 1914, 105, 1892), in which the combined 
elect of the two bromine atoms in the o-positions, although in- 
sufficient to reverse the sign of the rotation, reduces the value of 
(M}> from —233° to —19°. 

A special interest attaches to the 8-methoxy-l-naphthoate, in 
which the substituent also leads to a marked diminution in rotatory 
power. The resemblance between eri- and o-compounds as 
revealed in their chemical behaviour (e.g., anhydride formation and 
steric hindrance) is therefore also evident in the optical activity of 
these compounds. This similarity lends further support to the 
iew that the peculiar effect of o-substituents on the rotatory power 
of aromatic esters is transmitted through space and not through 
he carbon chain (compare also Rule, Hay, and Paul, this vol., 
p. 1347). 

On the other hand, a comparison of the rotatory powers in benzene 
lution shows that when the methoxyl is introduced into the 
-position with respect to the carboxy] group, as in the 4-methoxy-1- 

3D 
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naphthoate, it raises the value. In the 5-position, however, the 
substituent produces no observable change. 

The derivatives of diphenylearboxylic acid were prepared in 
order to discover whether the presence of a methoxy] substituent in 
the ortho-position to the common bond joining the two nuclei led 
to a depression in rotatory power as in the peri-compound of naph- 
thalene. This was found not to be the case. In benzene solution 
the menthyl 2’-methoxydiphenyl-2-carboxylate ({[M]p —323°) has 
a higher rotation than the unsubstituted ester ([M], —201°). The 
influence of the methoxyl group in this case appears to be of the 
general polar type as in the acetic esters and in the p-substituted 
benzoic esters (compare Rule, Hay, Numbers, and Paterson, loc, 
cit.). This is readily understood in view of the comparatively free 
rotation of the two nuclei round the bond joining them, and of other 
observations relating to diphenyl compounds. Robinson (J, 
1927, 2488), for example, comments on the fact that 2’ : 2-dinitro. 
diphenyl is inactive towards alcoholic ammonia at 150°. Burton 
and Kenner (J., 1922, 121, 495) and Le Févre and Turner (this vol., 
p. 247) conclude that the two nuclei are independent systems joined 
by a bond which is not a link in a true conjugated system. In the 
peri- and o-derivatives the methoxy] group is maintained permanently 
in close proximity to the asymmetric complex. A comparison of 
the two diphenylcarboxylic esters with menthyl benzoate ({M) 
—239°) is interesting. The introduction of the phenyl group into 
the o-position in the benzoate does not lead to an increase in rotatory 
power, as might have been anticipated from itscyclic and unsaturated 
character, but has the usual depressive effect of an 0, p-directive 
grouping in this position. ; 

Influence of Solvents —The values recorded in Tables I and Il 
show that the character of the solvent affects the rotatory powers of 
the naphthoic esters to a greater extent than those of the cort- 
sponding benzoic esters. In the case of menthyl 2-methoxy-1- 
naphthoate, the rotation is negative in chloroform and acetone 
but positive in benzene and in concentrated solutions in carbo 
disulphide. In each solvent examined, the rotatory power (ff 
this ester becomes increasingly positive with increasing concel-™% 
tration, thus indicating that the homogeneous ester has a com: 
paratively high positive rotation. The highest positive rotation 
were observed in benzene (c = 20 and c = 5) and in carbon di- 
sulphide (c = 34). 

Dispersion-—With the exception of menthyl 2 methoxy! 
naphthoate, the above methoxynaphthoic esters proved to havejl 
normal dispersion under the conditions of experiment. Whel 
1/a is plotted against 22, it is found that the deviations from the 
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linear, although very small, are systematic rather than casual. 
The dispersion of these compounds may therefore be described as 
normal and complex. The dispersion ratios, «455¢/e5993, for the 
|-naphthoates vary between 2-06 and 2-17. The 3-methoxy-2- 
naphthoate gives considerably lower ratios, varying from 1-95 in 
the homogeneous state to the surprisingly low value of 1-54 in 
chloroform solution. : 

Menthyl 2-methoxy-1-naphthoate exhibits a dispersion which is 
complex and under certain conditions anomalous. When the 
values obtained for this compound at various concentrations in 
different solvents are plotted in the form of a characteristic diagram 
(Armstrong and Walker, Proc. Roy. Soc., 1913, A, 88, 388), the 
points all lie on the diagram with the exception of those for the 
rotatory powers of 30% and 40% solutions in chloroform. Anomal- 
ous dispersion is observed in chloroform, c = 40, and in carbon 
disulphide, c = 5. 

During the preparation of the menthyl ester of diphenyl-2- 
carboxylic acid by way of the acid chloride, it was found that under 
certain conditions a considerable proportion of fluorenone was 
formed. This point is being further investigated. 


EXPERIMENTAL. 


The menthol employed in the following preparations was specially 
purified and had [«]7)" = — 49-75° in alcohol, c = 10. 
Menthyl 2-Methoxy-\-naphthoate——The required methoxy-acid 
was obtained by a modification of Bodroux’s method (Compt. rend., 
, . Magnesium, activated with iodine, was brought 

into reaction with 1-bromo-2-methoxynaphthalene, and the cooled 
thereal suspension of the finely divided magnesium compound was 
reated with solid carbon dioxide at —40°. The crude acid was 
‘Fhisolved in the minimum amount of alkali and dilute mineral acid 
was added drop by drop with vigorous shaking, a gummy impurity 
hing precipitated. As soon as the methoxy-acid began to deposit 
8a white powder the liquid was filtered and acidified. After 
vice crystallising from alcohol, the methoxy-acid was pure, m. p. 
6°. The yield was 63%. Bodroux obtained less than 20%, 
agely owing to his method of purification. 

2-Methoxy-1l-naphthoyl chloride, prepared by means of thionyl 
hloride, was purified by rapid distillation under diminished pressure 
veld, almost quantitative). 

Menthyl 2-methoxy-1-naphthoate was obtained from the acid 
iloride (23 g.) and menthol (16 g.) dissolved in benzene (100 c.c.), 
ith the gradual addition of pyridine (17 g.). The reaction is very 
igorous and the mixture should be well cooled to prevent the 
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formation of coloured products. The ester separates from ligroin 
in long needles; m. p. 122—123° (Found: C, 77-5; H, 83. 
C..H,,0, requires C, 77-6; H, 8-3%). 

Menthyl 4-Methoxy-1-naphthoate-——4-Methoxy-1-naphthaldehyde 
(24 g.) was first prepared from «-naphthyl methyl ether (25 g) 
and hydrogen cyanide by Gattermann’s method (Annalen, 1907, 


357, 366). The aldehyde, in an equal weight of pyridine, wa! 

diluted with hot water, and the emulsion shaken until cold § ™ 
Oxidation with potassium permanganate then gave the acid in ¢,7 
78%, yield. the 
4-Methoxy-1-naphthoyl chloride, prepared by means of thionyl V4 
chloride, distilled at 210—215°/15 mm. erota 
Menthyl 4-methoxy-\1-naphthoate was obtained from the acid dM 
chloride and menthol, dissolved in a small amount of chloroform § &Y° 
pyridine being used as condensingagent. The ester was crystallised (4/0 
from ligroin until of constant rotatory power. M. p.. 114—115°§ "4 
(Found : ©, 77-4; H, 8:5. Cy .H,,0, requires C, 77-6; H, 83%), § ed 
Menthyl 8-Methoxy-1-naphthoate.—1 : 8-Naphtholactone (Eck-§ “4" 
strand, J. pr. Chem., 1888, 38, 159, 278) (8-5 g.), dissolved in acid 
N-aqueous sodium hydroxide (110 ¢.c.), was cooled with ice andj (fie 
mechanically shaken while methyl sulphate (28 g.) was added ing *i4 
four portions during } hour, and after 1 hour’s shaking the product {6 
was heated at 100° to destroy any excess of the methylating agent. had 
Methyl 8-methoxy-1-naphthoate was removed from the alkalingg *” 
mixture by extraction with ether. : It separated from light petroleum with 
in colourless, rhombic plates, m. p..51—52° (Found: ©, 7218 °2 
H, 5:7. C,,H,.0, requires OC, 72-2; H, 56%). 8-Methoxy-l§ ™™° 
naphthoic acid, together with some unchanged hydroxy-acid™ ™°th 
remained in the alkaline liquid. Addition of diazotised sulphanilit Th 
acid converted the hydroxy-acid into a dye. After 3 hours, tg *4 
methoxy-acid and the dye were precipitated by means of hydo *'r- 
chloric acid as a viscous mass which soon solidified. This was drieigg ™ 
on tile over phosphoric oxide and extracted with benzene, leaving ‘iled 
the dye as a dark red powder. The methoxy-acid separates fro Dudle 
benzene in glistening needles, which lose their lustre on standing Mer 
M. p. 162—163° (corr.) (Found: C, 71-2; H, 5-3. C,.Hyl™ %i4 5 
requires C, 71:2; H, 5-0%). Gad, . 
Two separate methylations of 8°5.g. of the naphtholactone we 2838). 
carried out with sodium hydroxide as alkali, and two others wil Coher 
potassium hydroxide in the same proportion and concentratiogg Mer 
The former gave a total of 95g. of ester and 11:7 g. of acid; t into . 
latter gave 15:0 g. of ester and 6°3 g. of acid. Sched! 
Menthyl 8-methoxy-1-naphthoate could not be prepared by way' oe 
jazot: 


the acid chloride, as the reaction with thionyl chloride did ™ 
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proceed smoothly and led to. resinification. The methoxy-acid 
(12 g.) and menthol (36 g.) were heated for 42 hours at 120°, a few 
bubbles of hydrogen chloride being passed through the mixture at 
intervals. The mixture was worked up in the usual way and 
gave the ester as an oil (6-4 g.) which solidified on standing. On 
distillation under 0-09 mm. pressure it was obtained colourless. 
The ester separated from light petroleum in colourless prisms, 
m. p. 96—96-5° (Found: C, 77-3; H, 8-5. C,.H,,0, requires 
(,776; H,8-3%). After two crystallisations from light petroleum 
the rotatory power remained constant. Some of the ester was 
hydrolysed; the liberated menthol was unchanged in optical 
srotation. 

Menthyl 1-Methoxy-2-naphthoate-—Cohen and Dudley (loc. cit.) 
give 120—123° as the m. p. of the free acid, whereas Hiibner 
(Monatsh., 1894, 15, 735) records 127°. For these and other 
reasons the preparation was repeated, but methyl sulphate was 
used in piace of the iodide. A test methylation was carried out with 
aqueous alkali in the usual manner, but titration of the resulting 
acid with a standardised solution of benzenediazonium chloride 
(Fierz, ““ Farbenchemie,”’ p. 245) showed that 63% of the hydroxy- 
acid had escaped reaction. Methylation of the dry disodium salt 
for 6 hours in boiling xylene was more successful. After the product 
had been washed with alkali and distilled under diminished pressure, 
an oil, b. p. 174—178°/15 mm., was obtained which, on hydrolysis 
with alcoholic alkali and subsequent acidification, gave an acid 
containing only 28% of the hydroxy-compound; the latter was 
removed by treatment with diazotised sulphanilic acid. The 
methoxy-acid crystallised from benzene in needles, m. p. 126—127°. 

The crude menthyl 1-methoxy-2-naphthoate obtained from this 
acid had a rotatory power somewhat higher than that of the pure 
ester. The viscous oil was distilled under 0-02 mm. pressure, the 
main fraction boiling at 172—174°. ‘Two further fractionations 
failed to alter the rotatory power of [J/]j}” —224° (Cohen and 
Dudley record [J]; = —239° for the crude ester). 

Menthyl 3-methoxy-2-naphthoate was prepared from a methoxy- 
acid which melted at 133—134° (compare Lesser, Kranepuhl, and 
Gad, Ber., 1925, 58, 2120; Fries and Schimmelschmidt, ibid., p. 
2838). Its rotatory power agreed with that previously found by 
Cohen and Dudley. ; 

Menthyl 5-Methoxy-1-naphthoate—Laurent’s acid was converted 
into 5-methoxy-l-naphthoic acid by the method of Royle and 
Schedler (J., 1923, 123, 1641) and Shoesmith and Rubli (J., 1926, 
3241). Unchanged hydroxy-acid was removed by treatment with 
diazotised sulphanilic acid and the purified methoxy-acid (m. p. 
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229°) was esterified in the usual manner. The menthyl ester crystallises 
from methyl alcohol in colourless, glistening plates, m. p. 90-3°. It 
is readily soluble in ligroin, benzene and chloroform, but is les 
soluble in alcohol or light petroleum (Found: C, 77-8; H, 8-4 
C,.H,,0, requires C, 77-6; H, 8-3%). 

Menthyl Diphenyl-2-carboxylate..—Diphenyl-2-carboxylic acid was 
prepared from fluorenone by fusion with potash. The purified and 
colourless acid (m. p. 110—111°) was carefully brought into reaction 
with thionyl chloride. The resulting acid chloride was treated 
with menthol, and the heating continued for 2 hours at 40°. The 
reaction mixture was extracted with ether, the extract washed with 
alkali, and the ether distilled off. Menthol was removed by dis: 
tillation in steam. The resulting viscous oil was almost colourless 
and distilled at 175°/0-4 mm. Fractionation was repeated until 
no further change in rotatory power was observed (Found : C, 82-0; 
H, 8-4. C,,H,,0, requires C, 82-1; H, 8-4%). 

Under more vigorous treatment, the acid chloride underwent 
partial ring closure to yield fluorenone (see also Rule and Bretscher, 
J., 1927, 925). The above sample of ester, however, gave no 
reaction with p-nitrophenylhydrazine, a reagent with which it is 
possible to detect the presence of very small amounts of the ketone. 

Menthyl 2'-methoxydiphenyl-2-carboxylate could not be prepared 
by way of the acid chloride (Rule and Bretscher, loc. cit.), but was 
obtained from the free acid by esterification at 120° in the presence 
of hydrogen chloride. After 30 hours’ heating, 11 g. of acid and 
33 g.of menthol gave 7-1 g. of crude ester, [«]) = —85-5° in benzene 
(c = 5). On distillation under 0-3 mm. pressure the ester came over 
at 171—173°. Fractionation was repeated twice more, after which 
the rotatory power was [«]p = —82-3°. It is possible that this 
value might have undergone a further small change on continued 
fractionation, but the quantity was insufficient for this to be carried 
out (Found : C, 78-3; H, 8-2. C,H 90; requires C, 78-6; H, 8-3%). 

Menthyl l-naphthoate prepared from purified naphthoic acid 
had the same rotatory power as previously found by Tschugaefi 
(loc. cit.). 


Rotations in the Homogeneous State. 
l. [M ]ez08: [11] 529s: [M]s161- [Misss-  4358/@5as0 


Menthy! 1-methoxy-2-naphthoate. 
1-0267 0 —166-5° —223-8° —267-8° —488-9° 2-18 


Menthyl 3-methoxy-2-naphthoate. 
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Rotations in Solution at about 20° (l = 2). 
Solvent. c. [Meros- [CM ]5s9s- [Ml ssei- (Masse. 4358/@5008- 


Menthy! 1-naphthoate. 


8-991 — — 247° — —- 
4-938 — 201° — 273 —319° — 560° 
4-990 —172 — 222 — 266 —451 
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Menthyl1 4-methoxy-1-naphthoate. 
— —313 — 374 
—-190 — 250 — 302 
Menthy] 5-methoxy-1-naphthoate. 
— 198-6 — 263 — 325 
— 182 —231 — 287 
Menthyl 8-methoxy-1-naphthoate. 
—116-1 — 156 — 184-5 
— 97:5 — 130 — 157 
— 87-2 —115 — 137-5 


bo bo to 
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Menthy1 3-methoxy-2-naphthoate. 
-= —123 — 139 —190 
Menthy!1 diphenyl-2-carboxylate. 
—151 —201 — 233 — 
Menthyl 2’-methoxydiphenyl-2-carboxylate. 


— 245 — 323 — 390 — 692 
— 223 — 302 — 362 — 654 


Summary. 


The influence of the typically o-, p-directive methoxyl group on 
the rotatory powers of the menthyl naphthoates has been examined 
and found similar to that exerted in the case of menthyl benzoate. 

1. In any position adjacent to the carboxylic complex the sub- 
stituent depresses the rotatory powers of the 1- and 2-naphthoates. 
In menthyl 2-methoxy-l-naphthoate the combined effect of the 
two o-, p-directive groups in the 2- and 6-positions actually reverses 
the sign of the rotation, giving a dextrorotatory ester. 

2. In 4-methoxy-l-naphthoate the p-substituent raises the 
rotation, but in the 5- position it has little or no effect. 

3. A methoxyl group in the peri-position also produces a marked 
diminution in rotatory power, thus indicating that the peculiar 
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o-influence in question is transmitted through space and not through 
the chain of atoms. 

4. A phenyl group in the 2-position in menthyl benzoate leads to 
the diminished rotation characteristic of o-, p-directive substituents, 
A 2-methoxyphenyl group in this position raises the rotation. 

5. The relative magnitudes of the rotatory powers of optically 
active esters of benzoic acid, 1-naphthoic acid, and 2-naphthoic acid 
may be correlated with the known influence of o-, m-, and p-sub. 
stituents on the benzoic esters. 


The authors desire to express their gratitude to the Earl of Moray 
Fund for a grant which has covered most of the expense of this 
investigation. 
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CXCVIII.—E periments on the Synthesis of Brazilin 
and Hematoxylin and their Derivatives. Part III,* 


By Wri114mM Henry PERKIN, jun., JNANENDRA Nats Ray, 
and RoBrertT RosiInson. 


THE synthesis of deoxytrimethylbrazilone (I) (anhydrotrimethyl- 
brazilin) was described in Part II of this investigation (J., 1927, 
2094) and it was not anticipated that the conversion of this sub- 
stance into O-trimethylbrazilin (II) would offer any considerable 
difficulty. 

CH, CH, 


OMe 
OMe 


MeO 


* This communication was written up for publication before the appear- 
ance of a paper by Pfeiffer, Angern, Haack, and Willems (Ber., 1928, 61, 
839) dealing in part with a similar subject matter. 

‘In view of this repeated duplication of research, we have thought it well 
to indicate clearly our projected lines of investigation. In the hematoxylin 
series, we prefer to publish our experiments in a more complete form; they 
have already reached the stage now disclosed in connexion with brazilin. 
We have, however, employed throughout protection of the hydroxyl groups 
by ethylene radicals in the place of methyl groups. Hence the substances 
we have made are different from those described by Pfeiffer and his collabor- 
ators and therefore there does not appear to be any necessity to hurry 
publication, no novel theoretical point being involved in the passage from 
the brazilin to the hematoxylin series, 
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Actually the problem has proved to be a very puzzling one, chiefly 
on account of the remarkable properties of deoxytrimethy]l- 
brazilone (I). . This substance is prone to undergo oxidation; 
when merely shaken with pyridine and aqueous sodium hydroxide 
a considerable proportion of the material becomes alkali-soluble in 
ashort time, and in the presence of acids there is a strong tendency 
to form the isobrazilein salt. 

When, for example, a stream of dry hydrogen chloride was led 
through a solution of deoxytrimethylbrazilone in cold chloroform, 
with ordinary precautions to exclude air, an orange crystalline 
substance was gradually deposited consisting of isobrazilein hydro- 
chloride trimethyl ether (IIT). 


CH, 


ANS% OMe 
CKO | OMe 
A 
MeO 
V (III.) 


Many other attempts to add the elements of water or of an acid, 
HX, to deoxytrimethylbrazilone were unsuccessful. 

Oxidation of deoxytrimethylbrazilone with perbenzoie acid 
in chloroform solution gave various products under different con- 
ditions. The procedure described in the experimental section leads 
to the production of a substance to which we ascribe the formula 
(IV) largely by analogy with the products derived from brazilein 
derivatives by oxidation with hydrogen peroxide (Engels, Perkin, 
and Robinson, J., 1907, 94, 1175). 

In other experiments along these lines we obtained evidence that 
an oxygen atom may be inserted between the central carbon atom 
of the diphenylmethane structure and the pyrocatechol nucleus, 
because a crystalline oxidation product of deoxytrimethylbrazilone 
(. mol.) with perbenzoic acid (1-5 mols.) was found to be converted, 
by gentle warming with sulphuric acid, into a pyrylium salt ex- 
hibiting the characteristic pink colour in acid solution and the 
phenomenal greenish-yellow fluorescence of methoxychromeno- 
dimethoxybenzopyrylium salts (Part I, J., 1926, 950). This 
oxidation product was quite homogeneous and had m. p. 123°, but 
unfortunately we have not succeeded in reproducing the conditions 
for its preparation. In none of these experiments, however, was 
there any indication that deoxytrimethylbrazilone could be trans- 
formed into an oxide of the ethylene oxide type. 

The deep crimson dibromide of deoxytrimethylbrazilone closely 


teeembles the compounds of trimethylbrazilein and tetramethyl- 
3D2 
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dihydrobrazileinol with acids and unquestionably all these substances 
are analogous to the salts derived from o- and p-methoxytripheny). 
carbinols and to the rosaniline salts. The characteristic trimethy). 
brazilein formate, therefore, may be formulated as (V). Here the 
representation of one nucleus in the full quinonoid condition js 
adopted for purposes of convenience only; doubtless the kationic 
charge will be distributed in part to the oxygen atoms of the resorcinol 
nucleus, and even in part to the central carbon atom, and both 
nuclei will be partly quinonoid. 

The corresponding formula for deoxytrimethylbrazilone di. 
bromide is (VI). 


CH, CH, CH, CH, 
Ni NZ\ OHO, NNN OMB 
O come O | | 

—— pome 


MeO (¥E.) 


The action of zinc dust on (VI) in acetic acid suspension and 
solution leads to the formation of deoxytrimethylbrazilone and thus 
it is clear that the double bond of this substance is closely conjugated 
with the aromatic nuclei. All attempts to reduce the unsaturated 
quinonoid centres, leaving the centrally-situated bromine atom 
intact, were fruitless. 

The analogy existing between (V) and (VI) is well brought out 
by the observation that the reduction of trimethylbrazilein by means 
of zinc dust in the presence of hot acetic and hydrochloric acids 
yielded a phenolic product and on methylation with methy] sulphate 
and sodium hydroxide this was transformed into deoxytrimethy!- 
brazilone. Furthermore the reduction of tetramethyldihydr- 
brazileinol (VII) under similar conditions gave deoxytrimethy)- 
brazilone. It is clear that the anhydro-hydrochloride of tetra- 
methyldihydrobrazileinol (VIII) behaves as if it were the additive 
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product, deoxytrimethylbrazilone—-methyl hypochlorite. When the 
dibromide (V1) is treated in cold acetic acid suspension with potass- 
ium acetate a colourless, amorphous bromo-acetate is obtained. 
The acetoxy-group is doubtless attached to position 4 in the pyrat 
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ring, but it was not found possible to replace the bromine atom by 
methoxyl and so achieve a synthesis of tetramethyldihydro- 
brazileinol (VII). 

Preliminary experiments indicated that the bromo-acetate could 
be oxidised by chromic acid with formation of trimethylbrazilone. 
Another noteworthy property of deoxytrimethylbrazilone dibromide 
is the ease with which it loses hydrogen bromide with formation of 
isobrazilein hydrobromide trimethyl ether; this change occurs on 
keeping and very quickly in the presence of acetone. 

On reduction with hydrogen and a palladium catalyst deoxytri- 
methylbrazilone furnishes a dihydro-derivative (IX) and _ this 
yields trimethylbrazilone (X) when it is oxidised by chromic acid 
in acetic acid solution. Thus trimethylbrazilone and its numerous 
derivatives have now been synthetically prepared and may be 
employed instead of deoxytrimethylbrazilone as starting points 
in attempted syntheses of O-trimethylbrazilin. 


CH, CH, CH, CH, 


Se Ne Nee oP ing Had * 


| \ 
(IX.) |  cH—\ /JOMe | =Cco—\ /OMe (x.) 
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MeO, 

From this point of view the reduction of trimethylbrazilone to the 
pinacol (XI) is of much interest and this change was accomplished 
by means of zinc dust in alcoholic acetic acid solution. The 
product exhibited the reactions expected of a trimethyldihydro- 
brazileinol, giving crystalline, crimson salts of the type (V) with 
acids and isobrazilein hydrogen sulphate trimethyl ether on gentle 
warming with sulphuric acid. Reduction of (XI) in strongly acid 
solution afforded deoxytrimethylbrazilone, and experiments on the 
reduction products obtained in neutral or alkaline media are still 


in progress. 


It would be surprising if it does not prove feasible to pass from 
the pinacol (XI) to O-trimethylbrazilin. Nevertheless brazilin 
itself is the real ultimate object of these synthetical experiments and 
one of the methods we contemplate is the following : 
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(A) Demethylation of (IX), followed, by acetylation or benzoy). 
ation of the trihydric phenol and oxidation to triacetylbrazilone oy 
tribenzoylbrazilone. 

(B) Preparation of triacetylbrazilone or tribenzoylbrazilone from 
acetylated or benzoylated brazilin (see p. 1513). 

(C) Reduction of triacetylbrazilone or tribenzoylbrazilone to a 
pinacol. 

(D) Hydrolysis of the pinacol and formation of dl-brazilein (XII), 

(E) Reduction of brazilein to brazilin and resolution of dl-brazilein 
or di-brazilin into the enantiomorphous forms. 

The details require further elaboration and we wish to reserve for 
a short time the investigation of the processes involved in the above 
scheme and naturally in the analogous syntheses of tetra-acyl 
hematoxylone, hematein, and hematoxylin. 


EXPERIMENTAL. 


Preparation of Deoxytrimethylbrazilone—The methylation of 
brazilin by means of methyl sulphate does not appear to have been 
described. 

Potassium hydroxide (30 g.), dissolved in water (40 c.c.) and 
methyl alcohol (20 c.c.), was added to a solution of brazilin (40 g.) 


in hot methyl alcohol (100 c.c.), air being excluded by means of 
coal-gas. Methyl sulphate (50 g.) was then introduced gradually, 
the temperature not being allowed to rise above 50°. Further 
quantities of potassium hydroxide and of methyl sulphate equal to 
those already used were then introduced and finally the reaction 
was completed by heating the mixture at 65° for 15 minutes. The 
product was precipitated by water (800 c.c.), washed, and dried 
(yield, 42—45 g.). It may be employed without crystallisation for 
the preparation of trimethylbrazilone. 

The reduction of trimethylbrazilone by means of phenylhydrazine 
(Gilbody and Perkin, J., 1902, 81, 1046) does not proceed satis- 
factorily in ethyl-alcoholic solution, but the following method works 
well and we are inclined to suspect that it is the method originally 
used and that “alcohol” is a manuscript error (loc. cit., p. 104%, 
line 3). Trimethylbrazilone (8 g.) was gradually added to a mixture 
of acetic acid (40 c.c.) and phenylhydrazine (25 c.c.) at 40° so that the 
temperature remained between 60° and 70°. The mixture was then 
heated at 80° for 4} hour, and the product began to crystallise. 
After cooling, the solid was collected and washed with small 
quantities of acetic acid and then with alcohol (yield, 4—4-5 g.). 

On keeping, the mother-liquor deposited a by-product, which 
crystallised from acetic acid in bright yellow needles, m. p. 245° 
(Found: C, 71-8; H, 5-5; N, 6-8. Cale. for C,,H,,0,N, : C, 717; 


THE SYNTHESIS OF BRAZILIN, ETC. PART III. 1509 


f, 5-7; N, 67%. Calc. for C,;H,.0,N,: C, 72-4; H, 53; N, 
58%). The substance is evidently identical with a compound, 
(,;H.0,N5, m. p. 239—242°, described by Herzig and Pollak 
Ber., 1905, 38, 2166) as the main product of the action of phenyl- 
jydrazine on trimethylbrazilone in acetic acid solution. This 
substance may be a pyrazoline derivative as already suggested 
Perkin and Robinson, J., 1908, 93, 489), but one of the annexed 
formulee is also possible. 


CH, 
ha \oMe 
OMe 


CH, 
Nh 
Pay J 

MeO 


There is evidence that a nitrogen atom is attached to the diphenyl- 
methane carbon atom in that the substance is readily reduced by 
stannous chloride and hydrochloric acid, giving an eosin-red solution. 
This suggests the production of a diphenylcarbinol derivative in the 
reduction. The colourless reduction product, precipitated on the 
addition of water, is under examination. It dissolves in sulphuric 
acid to a deep green dichroic solution. 

Attempts have been made to prepare deoxytrimethylbrazilone 
nore directly from trimethylbrazilin by dehydration or equivalent 
processes. The action of phésphorus pentachloride on trimethyl- 
brazilin in cold chloroform solution was energetic and on the addition 
flight petroleum a quantity of isobrazilein hydrochloride trimethyl 
ether was thrown down. The filtrate contained a gum that could 
not be crystallised; the substance was doubtless the chloride 
corresponding to trimethylbrazilin, but when it was heated with 
dimethylaniline there was no evidence of the formation of deoxytri- 
nethylbrazilone. 

Action of Perbenzoic Acid on Deoxytrimethylbrazilone—An ice- 
cold solution of perbenzoic acid (1-38 g.) in chloroform (30 c.c.) was 
added to one of deoxytrimethylbrazilone (3-1 g.) in chloroform 
(30 c.c.), and the mixture kept at 0° for 4 hours. The solution was 
then washed with cold aqueous sodium carbonate (0-5 g. in 30 c.c.), 
dried, and evaporated ina vacuum. The residue dissolved in alcohol 
(10 c.c.) and on keeping in the ice-chest a voluminous crystalline 
mass separated. The substance (IV) crystallised from alcohol in 
transparent, rectangular plates, m. p. 152° (Found: C, 64:5; 
H, 5-2. C,gH,,O, requires C, 65-0; H, 5-0%). The substance is 
sparingly soluble in alcohol and although it is not attacked by 
aqueous sodium carbonate, it dissolves in aqueous sodium hydroxide. 
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Decomposition occurs on heating and benzoic acid can be isolated 


after acidification of the solution. The yellow solution in sulphuric 
acid becomes successively green, blue, purple and brownish-red on 
heating. The reaction is similar to that shown by the oxidation 
product of tetramethyldihydrobrazileinol with hydrogen peroxide 
(Engels, Perkin, and Robinson, loc. cit.). 

Deoxytrimethylbrazilone Dibromide (V1).—This substance is pre. 
cipitated, when its components are mixed in acetic acid solution, in 
glistening, dark crimson needles and it may also be obtained by the 
addition of a solution of bromine in light petroleum to deoxytri- 
methylbrazilone dissolved in chloroform. Accurate analytical 
figures could not be obtained on account of two properties. When 
kept in a desiccator, the substance loses bromine with the formation 
of the isobrazilein salt (Found: Br, 22-0. Calce.: Br, 20-7%. 
Found in a specimen kept only 20 minutes : Br, 25-8%). Secondly, 
with an excess of bromine a perbromide is precipitated (Found: 
Br, 61-5. C,,H,,0,Br, requires Br, 60-99%). The substance gives 
carmine solutions and its other properties are mentioned in the 
introductory section. 

Dihydrodeoxytrimethylbrazilone (1X).—This substance, which 
might also be conveniently named O-trimethylbrazilane, was obtained 
by shaking a solution of deoxytrimethylbrazilone (2-5 g.) in ethyl 
acetate (200 c.c.), containing norite (1 g.) and 1% palladous chloride 
(10 c.c.), with hydrogen. Absorption of the gas was rapid at first 
and when it slackened the temperature of the mixture was raised 
to 40°. The dihydro-derivative separated from the concentrated, 
filtered solution and after twice crystallising from methyl alcohol 
was obtained in colourless, transparent, rod-like needles, m. p. 109 
(Found: C, 72-7; H, 6-5. CygH 90, requires C, 73-1; H, 6-4%). 
This substance does not exhibit such characteristic colour-reactions 
as does deoxytrimethylbrazilone. On warming its pale yellow 
solution in concentrated sulphuric acid, a deeper yellow solution 
exhibiting a faint green fluorescence is obtained. The brownish- 
red solution in cold concentrated nitric acid on dilution with water 
also exhibits a weak green fluorescence. 

Synthesis of Trimethylbrazilone (X).—A solution of chromic acid 
(0-8 g.) in water (3 c.c.) was gradually added to one of dihydrodeoxy- 
trimethylbrazilone (1-0 g.) in acetic acid (6 c.c.) with good shaking; 
the temperature was kept below 20°. After an hour the crystals that 


had separated were collected and quickly recrystallised from acetic 
acid (yield, 0-4 g.), forming almost colourless prisms, m. p. 185° 
when rapidly heated (Found : C, 66-6; H, 5-7. Calc. for C,,H,,0,: 
C, 66-7; H,5-2%). The melting point of a quickly heated, intimate 
mixture with an authentic specimen of trimethylbrazilone was also 
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35°. The identity was further confirmed by the formation of 
-anhydrotrimethylbrazilone by the action of aqueous sodium 
iydroxide and of acetyl-«-anhydrotrimethylbrazilone by the action 
ifacetic anhydride. The blue-green colour reaction with alcoholic 
wtassium hydroxide and chloroform and the highly characteristic 
haviour with concentrated nitric acid and of the product (nitro- 
iydroxydihydrotrimethylbrazilone) with alcoholic potassium 
iydroxide were also observed. 

Reduction of Trimethylbrazilone by Means of Amalgamated Alu- 
nintum.—Aluminium foil (1 g.) was amalgamated and added to a 
wlution of trimethylbrazilone (2 g.) in ethyl acetate (200 c.c.) and 
after some time the temperature was raised to 50—60°. After 8 
hours the filtered solution was concentrated in a vacuum; the 
rsidue crystallised from hot aqueous alcohol in colourless rods, 
n. p. 129° with evolution of gas (Found: C, 64:2; H, 6-0. 
(gHo90¢,0°5H,O requires C, 64-6; H, 60%). This view of the 
emposition of the substance is put forward provisionally. The 
malyses fitted the formula C,,H,,0, (C,gH,,0,,CH,°CO,Et) and the 
reduction was therefore carried out in moist benzene instead of 
ethyl acetate solution, with the result that the same substance was 
isolated. 

This reduction product dissolves in sulphuric acid to a deep 
violet solution and on gentle warming this becomes brown and 
levelops an intense green fluorescence. The colour of the fluor- 
escence is, however, much duller than that due to the isobrazilein 
ailts’and it becomes very weak on dilution of the sulphuric acid with 
water. The reaction is reminiscent of the behaviour of certain 
substances in the «-anhydrotrimethylbrazilone series and suggests 
that the new compound is similarly constituted. The action of 
acetic anhydride on this substance leads to the formation of a 
crystalline derivative, m. p. 116°, which greatly depresses the m. p. 
of acetyl-«-anhydrotrimethylbrazilone. When heated at 80° for 
} hours in a vacuum, the substance lost 4-7°%, but it is highly prob- 
able that this figure is not significant owing to the decomposition 
that accompanied dehydration. 

We suggest tentatively that this substance is the secondary 
aleohol related to the aldol-type tautomeride of trimethylbrazilone 
and that the action of acetic anhydride dehydrates it to deoxy- 
vanhydrotrimethylbrazilone. This matter will be further in- 
vestigated. 

Trimethyldihydrobrazilone (Hydroxy-O-trimethylbrazilin, Dihydr- 
ory-O-trimethylbrazilane, isoTrimethyldihydrobrazileinol) (X1).—This 
intramolecular pinacol of trimethylbrazilone was obtained in the 
following manner : Acetic acid (20 c.c.) was added in small portions 
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to a solution of trimethylbrazilone (2-0 g.) in alcohol (300 cc); 


mixed with a large excess of zine dust, the temperature being 


maintained at about 45° and the flask well shaken from time to time §; 


After remaining over-night at room temperature, the product wa; 
isolated from the filtered solution by evaporation in a good vacuum, 
treatment of the residue with water and ethyl acetate and of the 
residue from the ethyl acetate layer with alcohol. The crystalline 
paste was drained and the substance recrystallised from not too 
much alcohol, forming stout, colourless prisms, m. p. 167—16$° 
(Found in material dried in a vacuum desiccator: C, 65-5; H, 5-6, 
Found in material dried at 110° in a vacuum: C, 65°8; H, 54. 
Ci 5H 90, requires C, 66-2; H, 5-8%). This pinacol adheres tenaci. 
ously to some water, but apparently not in any simple molecular 
ratio; the anhydrous material acquired a salmon-pink colour but 
its m. p. was unchanged. It dissolves in concentrated hydrochloric 
acid to a crimson-scarlet solution, and in sulphuric acid to a carmine 
solution that rapidly becomes brownish-yellow and acquires very 
intense yellowish-green fluorescence, persistent on dilution with 
water; unless the solution is very dilute, on addition of water to the 
sulphuric acid an orange, crystalline precipitate is obtained, and 
this was identified as isobrazilein trimethyl ether hydrogen sulphate 
by conversion into the corresponding ferrichloride and careful 
comparison with an authentic specimen. This behaviour with 
sulphuric acid recalls that of trimethylbrazilein and tetramethy!- 
dihydrobrazileinol, but in the present case the isobrazilein derivative 
is more rapidly produced. This is natural, since the reaction 
requires the elimination of water in the case of the pinacol and of 
methyl alcoho! in the case of the trimethylbrazilein derivatives. 
The pinacol dissolves in formic acid to a crimson-scarlet solution 
and a formate slowly crystallises from this in prisms. The most 
characteristic salt is, however, the anhydro-sulphate, which crystal- 
lises in deep red needles when sulphuric acid is added to an alcoholic 
solution of the pinacol. It is very sparingly soluble in alcohol. 
The anhydro-hydrochloride can be similarly isolated in crimson 
needles, but it is more readily soluble in alcohol than the sulphate. 
When the salts are decomposed by water the original substance is 
regenerated, but the carbinol has moderately strong basic properties 
and in the presence of dilute mineral acid a certain amount of the 
quinonoid salt is always present. Our investigation of this sub- 
stance is incomplete and we have good reasons for the supposition 
that it will be possible to modify the diphenylcarbinol grouping and 
to reduce it to a diphenylmethane group. It is unlikely, however, 
that this will be accomplished by vigorous direct reduction in 
strongly acid solution. A small quantity of the pinacol was dissolved 
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in acetic acid and a volume of concentrated hydrochloric acid half 


ingM that of the solution was added. Excess of zine dust was then 
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‘BM introduced, and the liquid boiled for a few minutes. The neutral 


product, after crystallisation from alcohol, had m. p. 173° with 
previous softening and was identified as deoxytrimethylbrazilone by 
its characteristic reactions and other properties. 

0-Triacetylbrazilone (X with OAc in place of OMe).—This account 
of the substance is of a preliminary character. O-Triacetylbrazilin 
(10 g.), dissolved in acetic acid (40 c.c.), was oxidised at 15° by 
chromic acid (6 g. in 8 c.c. of water) which was gradually introduced. 
The prismatic needles that were deposited were isolated after 4 
hours and crystallised from alcohol; m. p. 187° (decomp.) (Found : 
(, 61-1; H, 4:4. C,.H,,0,,.0-5H,O requires C, 60-7; H, 4-4%. 
Found in material dried at 110° in a vacuum: C, 61-9; H, 4-2. 
CH, gO, requires C, 62-0; H, 4-2%). The solution in sulphuric 
aid is deep orange-yellow. When a little potassium hydroxide 
jsadded to an alcoholic solution of the substance a yellow coloration, 
changing to green and then brown, is produced. 

0-Tribenzoylbrazilone was similarly obtained by the oxidation of 
0-tribenzoylbrazilin with chromic acid ; it crystallised from alcohol 
incolourless prisms, m. p. 205° (decomp.) (Found: C, 72-6; H, 4-0. 
CH,,O, requires C, 72:5; H, 3-9%). 

This investigation is being continued. 
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CXCIX.—The Action of Certain Dibromotetracarboxylic 
Esters on the Sodium JDerivatives of Ethyl 
Malonate, Ethyl LEthanetetracarboxylate, and 
Analogous Substances. 


By JoHN JOSEPH LENNON and Wiii1Am Henry PERKIN, jun. 


Wxen a dibromo-hydrocarbon reacts with the sodium derivative 
of ethyl malonate, the decomposition usually proceeds in such a 
manner that sodium bromide is eliminated and a cycloparaffin di- 
carboxylic ester is produced ; in the case of trimethylene dibromide, 


| for example, the following change occurs : 


2CHNa(CO, Et), 


(H,Br-CH-CH,Br—— "+ CH, <4, >0 (00, Et),-+ CH, (CO, Et), 
2 


A similar decomposition takes place when the dibromo-hydro- 
catbon is replaced by the corresponding dibromodicarboxylic ester 
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containing CO,Et associated with each bromine atom; e¢.g., wy-di. 
bromopropane-«y-dicarboxylic ester reacts with ethyl sodiomalonate 
to yield ethyl cyclobutane-1 : 2 : 2 : 3-tetracarboxylate : 


CH,-CHBr-CO,Et sees CH,——CH-CO, Et 

CHBr-CO,Et CH(CO,Et)-C(CO,Et), 
(Ing and Perkin, J., 1925, 127, 2389). But if an «y-dibromo. 
auyy-tetracarboxylic ester such as (CO,Et),CBr-CH,°CBr(CO,Et), 
is employed in the place of the «y-dibromo-xy-dicarboxylic ester, 
interaction of an entirely different type occurs. The first case of 
this kind was observed by Perkin and Prentice (J., 1891, 59, 822), 
who, in studying the interaction of ethyl «e-dibromopentane-aze:. 
tetracarboxylate with the sodium derivative of ethyl malonate, 
found that instead of ethyl cyclohexane-1: 1:2: 2:3 :3-hexa. 
carboxylate being formed as analogy had suggested, the product 
consisted of a mixture of ethyl cyclopentane-1 : 1 : 2 : 2-tetra- 
carboxylate and ethyl ethanetetracarboxylate, the change having 
evidently taken the following course : 


(CO,Et),CBr-[CH,],-CBr(CO,Et), + 2CHNa(CO,Et), —> 


H,°CH,-CH, A 
re saad 2 Che), + (COs#t),CH-CH(CO,EH), 
It was suggested at the time that the curious course taken by 
this interaction was due to the greater ease of formation of the 
cyclopentane ring. At a later date (J., 1903* 83, 782; 1905, 87, 
358) Gregory and Perkin showed that the interaction of ethyl 
wy-dibromopropane-axyy-tetracarboxylate with the disodium 
derivative of ethyl propane-««yy-tetracarboxylate does not lead to 
the synthesis of the cyclohexane derivative as had been expected but 
to the formation of two molecules of ethyl cyclopropane-1 : 1 : 2: 2- 
tetracarboxylate, the yield being almost quantitative : 


(CO,Et),CBr-CH,*CBr(CO,Et), + (CO,Et),CNa-CH,*CNa(CO,Et), 


ace (CO, Et), 
vi CH 00 Rt . 


The present investigation was undertaken with the object of 
studying other decompositions of the kind just mentioned, under as 
varied conditions as practicable, and it was hoped that it might 
then be possible to suggest some satisfactory explanation to account 
for the curious course these interactions take. The following brief 
summary will indicate sufficiently well the cases which were selected 
for examination and the course followed by each of the decomposi- 
tions. 

I. Ethyl dibromomalonate and ethyl disodioethanetetracarb- 
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oxylate interact with the formation of ethyl ethylenetetracarb- 
oxylate : 
Br,(CO,Et), + 2(CO,Et),CNa-CNa(CO,Et), —> 
3(CO,Et),C:C(CO,Et), 
If. Ethyl «y-dibromopropane-awyy-tetracarboxylate and ethyl 


sdiomalonate yield ethyl cyclopropane-1 : 1 : 2 : 2-tetracarboxylate 
and ethyl ethanetetracarboxylate : 


((0,Et),CBr-CH,-CBr(CO,Et), + 2CHNa(CO,Et), 


(CO, Et). 
H <i (CONE)? + (COsEt),CH-CH(CO,Et), 


III. Ethyl «y-dibromopropane-a«yy-tetracarboxylate interacts 
with ethyl disodioethanetetracarboxylate to yield ethyl cyclo- 
propane-1 : 1:2: 2-tetracarboxylate and ethyl ethylenetetra- 
carboxylate : 


((0,Et),CBr-CH,*CBr(CO,Et), + (CO,Et),CNa*CNa(CO,Et), —> 


(CO, Et), 
CH *<hico® alg (CO,Et),C:C(CO, Et), 


IV. Ethyl «é- piiheahiielinmes aadd- “arene en and ethyl 
sodiomalonate yield ethyl cyclobutane-1 : 1 : 2 : 2-tetracarboxylate 
and ethyl ethanetetracarboxylate : 


((0,Et),CBr-CH,-CH,-CBr(CO,Et), + 2CHNa(CO,Et), 


CH, —C(CO;Et)s - (90, Et),CH-CH(CO,Et 
(H,—C(CO,Et), » 02") (COsBt), 


V. Ethyl «3-dibromobutane-««33-tetracarboxylate reacts with 
ethyl disodioethanetetracarboxylate to yield ethyl cyclobutane- 
1:1:2:2-tetracarboxylate and ethyl ethylenetetracarboxylate : 


((0,Et),CBr-CH,-CH,-CBr(CO,Et), + (CO,Et),CNa*CNa(CO,Et), 


CHsC(COzEt)s (C0, Et),C:C(CO,Et 
—>' Ge —orca gee, 1 Os 


VI. Ethyl «3-dibromobutane-««38-tetracarboxylate and ethyl 
disodiobutane-««53-tetracarboxylate 98985 with the formation 
of two molecules of ethyl cyclobutane-1 : 1 : 2 : 2-tetracarboxylate : 


((0,Et),CBr-CH,-CH,-CBr(CO,Et), + 
(CO,Et),CNa-CH,°CH,*CNa(CO,Et), 


__, 9SH.—G(CO, Et), 
“CH;—O(CO,Et), 


Various explanations for the apparently anomalous course of 
these decompositions have been considered from time to time. It 
las been suggested that in case III, for example, there may in the 
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first place be an interchange of bromine and sodium giving rise to 
the molecules (CO,Et),CBr-CH,*CNa(CO,Et), and 
(CO, Et),CBr-CNa(CO,Et), 

and that each of these might undergo internal elimination of sodium 
bromide with the formation of ethyl cyclopropane-1 : 1: 2:92. 
tetracarboxylate and ethyl ethylenetetracarboxylate respectively, 
In a similar way, in case VI, ethyl dibromobutanetetracarboxylate 
and the disodium derivative of ethyl butanetetracarboxylate might 
undergo intermolecular change yielding two molecules of 
(CO,Et),CBr-CH,°CH,*CNa(CO,Et),, each of which might then 
suffer internal elimination of sodium bromide with the formation 
of ethyl cyclobutanetetracarboxylate. Interpreted in accordance 
with modern conceptions, this suggestion is probably fundamentally 
correct, but, in this form, it does not appear to be capable of develop. 
ment into an explanation of the whole of the phenomena. 

Another view is that the reason for the course taken in these 
interactions is to be sought in an extension of the theory of Beasley, 
Ingold, and Thorpe (J., 1915, 107, 1080). If in the case of ethyl 
propane-awyy-tetracarboxylate, for example, it is assumed that the 
two pairs of carbethoxy-groups cause the fourth valencies of the 
two carbon atoms to which they are united to be directed together, 
then it is conceivable that the valencies set free in each of the 
molecules when sodium bromide is eliminated might, by nature of 
their proximity, unite directly rather than combine with the second 
molecule, and that, even in case IV, this might be sufficient to cause 
the cyclobutane derivative to be produced rather than the cyclo- 
pentane derivative. Ingold (J., 1921, 119, 305) has calculated that 
the carboxyl group attached to a carbon atom decreases the angle 
between two of the remaining valencies by the same amount as the 
methyl group, namely, by 2° 8’. It is of course possible that two 
carbethoxy-groups attached to the same carbon atom might cause 
a deflexion of more than 5° 6’, but in any case the influence would be 
too inconsiderable to account for the formation of the small rings 
in the examples given in this communication. 

A much more likely explanation, and one which quite easily 
meets all the cases under discussion, is the following, for which we are 
indebted to Professor Robinson. 

It seems probable on general grounds that in cases where com- 
peting intramolecular and intermolecular reactions of a similar 
type may occur, there will be a factor favouring the former processes. 
The inevitable proximity of the reacting centres involves a virtual 
relative increase of concentration or active mass and obviously 
there is a stage that is unimolecular in the intramolecular processes, 
but bimolecular in the intermolecular processes. Thus the action 
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of metals on trimethylene bromide might give either cyclopropane 
ot cyclohexane and on the basis of the principle of maximal loss of 
fee energy we should anticipate the formation of cyclohexane. 
Actually it is cyclopropane that is formed and the consideration 
nentioned above suggests a reasonable explanation of the result. 
It is not practicable in this instance to augment the concentration 
of the bromide to such a degree that the intermolecular reaction 
wcurs to a predominating extent, but in cases where the intra- 
molecular reaction proceeds with greater difficulty it should be 
possible to observe the effects of variations of the concentration 
om the proportions in which the products are obtained. 

We may therefore conclude that substances of the types 


(C0, Et),CBr-C(CO,Et),,Na, (CO,Et),CBr-[CH,],°C(CO,Et),}Na 

vould be far more likely to give (CO,Et),C:C(CO,Et), and 

(00, Et),C-[CH,],°C(CO,Et), than to give products arising from 
Saamamnael 


intermolecular reactions, provided that » is not too great. The 
intramolecular processes are of a particularly facile character and 
involve merely the transfer of a negative charge to the bromine 
atom, a species of oxidation—-reduction mechanism being postulated. . 
Itis necessary, however, if the results described in this communic- 
ation are to be accommodated, to recognise in addition that the 
contrast between the behaviour of ethyl «y-dibromoglutarate and 
its xy-dicarbethoxy-derivative (see p. 1514) is due to the fact that it 
is only the «-bromomalonic esters (among substances here con- 
sidered) that contain a bromine atom analogous to that of the 
hypobromites and capable of substituting itself for hydrogen in 
suitably reactive molecules. So avid of electrons is the bromine 
of the bromomalonic esters of the type CRBr(CO,Et), that the 
substances behave as oxidising agents, liberating iodine from 
potassium iodide (compare the behaviour of ethyl «-bromoaceto- 
acetate in Kurt Meyer’s method of titration of enols with bromine) 
and oxidising hydrazine to nitrogen (Hirst and Macbeth, J., 1922, 
121, 904, 1116; compare Ann. Reports, 1922, 19, 98—103). Orton 
and King (J., 1911, 99, 1185) and Wohl (Ber., 1919, 52, 51) have 
suggested the use of halogenated amides in halogenations and Gupta 
and Thorpe (J., 1922, 121, 1896) showed that dibromodimethy]l- 
dihydroresorcinol reacts quantitatively with dimethylaniline with 
formation of p-bromodimethylaniline. Halogenation with the 
help of bromomalonic esters has, however, not been observed 
previously and is described in the sequel. All the reactions dis- 
cussed in this communication can be correlated by the assumption 
of rapid bromination of substituted sodiomalonic esters by sub- 
stituted bromomalonic esters, followed by slower double decom- 
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positions of the normal type concerned with alkylation of malonic 
esters. A few examples are symbolised below and other cases 
appear to conform to these types. (Alternative views may be taken§f 
of the course of the interaction of bromine and ethyl sodiomalonate, 
Two anions from the ester may transfer their charges directly to a 
bromine molecule or the first phase may be bimolecular, leading to 
the formation of ethyl bromomalonate and sodium bromide. 
Schemes analogous to the latter view have been adopted in the text, 
but the translation into the corresponding schemes employing the 
direct transfer of charges and formation of bromidions can be made 
without difficulty. Both courses are possible and may occu 
simultaneously.) 

A. 1. (CO,Et),CBr-[CH,],°CBr(CO,Et), + CH(CO,Et),}Na —> 


- + 


(CO,Et),CBr[CH,],:C(CO,Et),}Na + CHBr(CO,Et), 


2. (CO,Et),C-[CH,],-C(CO,Et), + Na}Br. 
er ed 
3. CH(CO,Et),}Na + CHBr(CO,Et), —> 
(CO, Et),CH-CH(CO,Et), + Na}Br 
_ 1. (CO,Et),CBr-CH,-CBr(CO,Et), + 
“ + 
(CO, Et),CH-CH,-C(CO,Et),JNa -+ NajOEt 
> (CO,Et),CBr-CH,-C(CO,Et),}Na ++ 
Y  Naf(CO,Et),C-CH,-CBr(CO,Et), + EtOH 
¥ 
ff 


(CO, Et),C*CH,-C(CO,Et), + Na}Br 
Kiana 


2CBr,(CO,Et), + 2(C0,Et),CH-C(CO,Et),}Na —> 
2(CO,Et),C-CBr(CO,Et),}Na + 2CHBr(CO,Et), 


. (CO, Et),C-CBr(CO,Et),JNa—> (CO,Et),C:C(CO,Et), + Na}Br 
. 2CHBr(CO,Et), -+- Na}OEt —> (CO,Et),CH-CBr(CO,Et), + 
NayBr + EtOH 

4. (CO,Et),CH-CBr(CO,Et), + Na}OEt —> 
(CO,Et),C:C(CO,Et), + Na}Br + EtOH 


In order to bring further evidence of the oxidising action of 
bromo-esters containing the «-bromo-x«-dicarboxylic group, the 
action of ethyl wy-dibromopropane-acyy-tetracarboxylate and of 
ethyl «8-dibromobutane-««83-tetracarboxylate on phenol was 
investigated. 
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When the former was heated to boiling with a large excess of 
phenol, the phenol was brominated and the product, on hydrolysis, 
yielded propane-axy-tricarboxylic acid, CO,H*CH,*CH,°CH(CO,H),, 
m. p. 125°, which on heating, decomposed into carbon dioxide and 
glutaric acid (m. p. 97—98°). Clearly the products of this decom- 
position are brominated- phenol and ethyl propane-x«jy-tetra- 
carboxylate, bromination of the phenol and reduction of the 
dibromo-ester having taken place. In a similar manner, ethyl 
13-dibromobutane-««83-tetracarboxylate and phenol interacted 
smoothly to yield brominated phenol and an ester which was 
dearly ethyl butane-««33-tetracarboxylate because on hydrolysis 
by boiling with hydrochloric acid an almost quantitative yield of 
adipic acid was obtained. 

It is therefore each CBr(CO,Et), grouping which is equivalent to 
a molecule of bromine in these reactions. If, for example, ethyl 
x3-dibromobutane-««83-tetracarboxylate could be regarded as 
equivalent to a molecule of the cyclobutane ester plus a molecule of 
bromine, the experiment just described should have yielded the 
ring-ester and hydrogen bromide. That this was not the case 
supports the view that the ring formation, observed in the re- 
actions previously discussed, is dependent on the intermediate 
production of the sodio-derivative of ethyl monobromobutane- 
tetracarboxylate. In order to test this hypothesis still further, the 
following experiment was instituted : 

Ethyl «y-dibromopropane-cxyy-tetracarboxylate (1 mol.) was 
heated in alcoholic solution with $-naphthol (1 mol.) and sodium 
ethoxide (2 mols.) on the steam-bath. The product, after being 
boiled with dilute hydrochloric acid and concentrated, gave a 
large yield of cyclopropane-1 : 1 : 2: 2-tetracarboxylic acid, the 
interaction having evidently taken place on these lines : 

(9H,-ONa + NaOEt + (CO,Et),CBr-CH,-CBr(CO,Et), —> 
C,)H,Br-ONa + (CO,Et),CH-CH,°CBr(CO,Et), — 
(9H ,BrrOH + (CO,Et),CNa-CH,°CBr(CO,Et), — 
‘ (CO,Et), 
ee. C(CO, Et), 

This experiment emphasises the cade for the formation of the 
sodio-bromo-derivative before the ring can be closed. 

Included in this investigation are some further experiments on 
the abnormal behaviour of the disodium derivative of ethyl pentane- 
hexacarboxylate, one of the substances produced in considerable 
quantity during the condensation of ethyl malonate with formalde- 
hyde (Bottomley and Perkin, J., 1900, 77, 298). In the course of 
that investigation it was shown that the disodium derivative of this 
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ester does not react normally when heated with methylene iodide to 
yield ethyl cyclohexane-1:1:3:3:5:5-hexacarboxylate but. is 
almost completely decomposed into ethyl paramethylenemalonate, 
probably thus, 


(CO,Et),CNa-CH,-C(CO,Et),“CH“CNa(CO,Et), —> 
2CH,:0(CO,Et), + Na,C(CO,Et), 


the disodium derivative of ethyl malonate then reacting with the 
methylene iodide to yield a further quantity of ethyl paramethylene. 
malonate. That the disodium derivative of ethyl pentanehexa. 
carboxylate is in fact capable of existence was demonstrated by its 
conversion into ethyl cyclopentane-1 : 1: 3:3: 4: 4-hexacarboxylate 
by the action of bromine (loc. cit., p. 303). 


H,-C(CO,Et), 


CH,-CNa(CO,Et), , 
(CO,Et),C0< + Br, —>(CO,E )eC CH,-C(CO,Et), 


CH,°CNa(CO,Et), 
A characteristic of this ester is that, on hydrolysis and elimination 
of carbon dioxide, it yields trans-cyclopentane-1 : 2 : 4-tricarboxylic 
acid, m. p. 129—130°. 

We have now found that the disodium derivative of ethyl 
pentanehexacarboxylate on heating with ethyl «$-dibromopro- 
pionate, instead of reacting normally with the formation of the 
cycloheptane derivative, yields ethyl cyclopentanepentacarboxylate. 
The product was again identified by conversion into trans-cyclo- 
pentanetricarboxylic acid, m. p. 129—130°. The probable explana- 
tion of this curious synthesis is that the disodium derivative of 
ethyl pentanehexacarboxylate is, on heating, first decomposed into 
ethyl paramethylenemalonate and the disodium derivative of ethyl 
propane-a«yy-tetracarboxylate, which then reacts with the ethyl 


pentacarboxylate : 


(CO, Et),CNa-CH,-C(CO,Et),“CH,*CNa(CO,Et),—>CH,:C(CO,Et), + 
CH,Br-OHBr-00,Bt 


(CO, Et),CNa:CH,CNa(CO,Et), 22> -OePr0e, 


CH,°0(CO,Et), 
Cr H,°CH-CO,Et © 


Goldsworthy and Perkin (J., 1914, 105, 2671) have already shown 
that an excellent yield of ethyl cyclopentanepentacarboxylate may 
be obtained by treating the disodium derivative of ethyl propane- 
tetracarboxylate with ethyl dibromopropionate. The ease with 
which ethyl pentanehexacarboxylate loses a molecule. of ethyl 
paramethylenemalonate when its disodium derivative is heated still 
requires explanation. 
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EXPERIMENTAL. 

Preparation of the Materials employed in the Following Experi- 
nents—* Absolute alcohol” was dehydrated as completely as 
possible by boiling under reflux over quicklime for at least 8 hours 
snd then distilled. 

Ethyl ethanetetracarboxylate, (CO,Et),CH-CH(CO,Et),, was 
prepared by the action of an ethereal solution of iodine on the 
sodium derivative of ethyl malonate under the conditions described 
by Bischoff and Rach (Ber., 1884, 17, 2781). Ethyl propane- 
myy-tetracarboxylate, (CO,Et),CH-CH,-CH(CO,Et),, was obtained 
by the action of formaldehyde on ethyl malonate in the presence of 
diethylamine (Knoevenagel, Ber., 1894, 27, 2346; Haworth and 
Perkin, J., 1897, 74, 1063) and distilled at 195—197°/l4mm. Ethyl 
butane-a«88-tetracarboxylate, (CO,Et),CH*CH,°CH,°CH(CO,Et),, 
was prepared by the action of ethyl sodiomalonate on ethylene 
chloride and on ethyl cyclopropane-1 : 1-dicarboxylate (Perkin, J., 
1894, 65, 578; Bone and Perkin, J., 1895, 67, 111; compare Lean 
and Lees, J., 1897, 71, 1063). It distilled at 211—215°/14 mm. 

Ethyl wy-dibromopropane-awyy-tetracarboxylate, 

(CO, Et),CBr-CH,°CBr(CO,Et),, 

vas obtained by the action of bromine on ethyl propane-aayy- 
tetracarboxylate in chloroform solution (Gregory and Perkin, 
J., 1903, 83, 782). This substance is best purified by cooling a 
saturated solution in warm petroleum (b. p. 60—80°) to —20° and 
melts at 55°. Ethyl «3-dibromobutane-««33-tetracarboxylate, 
(C0, Et),CBr-CH,°CH,°CBr(CO,Et),, m. p. 83—85°, was prepared 
by the action of bromine on ethyl butanetetracarboxylate under 
conditions similar to those used in the preparation of the corre- 
sponding dibromopropane ester (compare Lean, J., 1900, 77, 107). 
Ethyl dibromomalonate was obtained by the action of bromine on 
ethyl malonate as described by Conrad and Bruckner (Ber., 1891, 
24, 3001) and was collected at 128—132°/15 mm. 

The decompositions briefly outlined in the introduction were 
carried out under the following conditions : 

I. Ethyl dibromomalonate (31-8 g.) was added to an alcoholic 
solution of the disodium derivative from ethyl ethanetetracarb- 
oxylate (31-8 g.); the mixture became warm and sodium bromide 
separated. After the whole had been heated under reflux on the 
steam-bath for 2 hours, water was added, and the product isolated 
by extraction with ether as usual. A colourless syrup was obtained 
which largely solidified when it was cooled to —15° and well stirred. 
The solid was collected with the aid of a pump, left in contact with 
porous porcelain, and recrystallised from petroleum; it then melted 
at 56° and was found to be ethyl ethylenetetracarboxylate. The 
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oil which passed through the filter yielded on distillation a further 
quantity of ethyl ethylenetetracarboxylate, the yield of this ester 
being about 60% of that possible. The final mother-liquor con. 
tained the same ester and yielded on hydrolysis and elimination of 
carbon dioxide, besides fumaric acid, about 3 g. of succinic acid 
derived evidently from some unchanged ethyl ethanetetracarboxyl. 
ate. 

II. When ethyl «y-dibromopropane-a«yy-tetracarboxylate (| 
mol.) was added to an alcoholic solution of ethyl sodiomalonate 
(2 mols.), the mixture became warm and sodium bromide separated. 
The reaction was complete after 2 hours’ refluxing and the product, 
isolated by addition of water and extraction with ether, was a viscid 
oil which gradually deposited crystals; after recrystallisation from 
light petroleum, the substance melted at 75—76° and consisted of 
ethyl ethanetetracarboxylate. The oily mother-liquor solidified 
on being cooled to —15° and, after contact with porous porcelain, 
and several crystallisations from petroleum, a substance, m. p. 
40—41°, was obtained which was shown to be ethyl cyclopropane- 
1:1:2:2-tetracarboxylate by analysis and by the undepressed 
melting point of its mixture with an equal amount of this substance 
prepared as explained on p. 1514. 

III. Ethyl «y-dibromopropane-axyy-tetracarboxylate (24-5 g,) 
was added to ethyl ethanetetracarboxylate (15-9 g.) dissolved in an 
alcoholic solution of sodium ethoxide (2-3 g. Na). The interaction 
which set in on standing, was complete after 1 hour’s heatirig under 
reflux on the steam-bath. The product, diluted with water, was 
extracted with ether and the ethereal solution was washed with 
sodium carbonate, dried over calcium chloride, and evaporated; 
a solid was then obtained which was separated into its two com- 
ponents by fractional crystallisation from petroleum. The less 
soluble substance, m. p. 55—57°, was ethyl ethylenetetracarboxylate 
and the other substance, m. p. 42—44°, was proved by careful 
comparison to be ethyl cyclopropane-1 : 1 : 2 : 2-tetracarboxylate. 

IV. On adding ethyl «8-dibromobutane-««83-tetracarboxylate 
(25-2 g.) to a solution of ethyl malonate (16 g.) in alcoholic sodium 
ethoxide (2-5 g. Na), sodium bromide was quickly precipitated; 
the decomposition was complete after 2 hours’ heating under reflux. 
The product, isolated in the usual way, was a pale brown syrup 
which, on cooling, partly solidified. The solid, collected by means of 

the pump and crystallised from petroleum, melted at 75—76° and 
proved to be ethyl ethanetetracarboxylate. The oily mother 
liquor was hydrolysed by boiling with dilute hydrochloric acid for 
several hours, and the solution concentrated first on the steam-bath 
and then over caustic potash in a vacuum desiccator. The solid 
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vhich had separated after some days was collected and crystallised 
from hydrochloric acid ; a small quantity of adipic acid was isolated 
and the mother-liquor contained some succinic acid. The former 
resulted evidently from the hydrolysis of some ethyl butanetetra- 
carboxylate which had been produced by the reduction of the 
libromo-derivative, and the latter from some unchanged ethane- 
tetracarboxylate which had not crystallised. The hydrochloric 
acid mother-liquor from these acids yielded, on evaporation to 
dryness, a syrupy acid which was converted, by boiling with excess 
of acetyl chloride, into an anhydride which distilled at 165—170°/ 
” mm., solidified, and melted at 71—73°. This was identified 
as the anhydride of cis-cyclobutane-1 : 2-dicarboxylic acid by con- 
version into the acid, m. p. 136—138°, by boiling with water (Perkin, 
J., 1894, 65, 582). 

V. On mixing equimolecular proportions of ethyl «3-dibromo- 
butane-aa38-tetracarboxylate and ethyl disodioethanetetra- 
carboxylate in alcoholic solution, interaction set in at once; it was 
completed by heating under reflux for } hour. The product, 
isolated in the usual manner, was a viscid oil which at —10° gradually 
deposited a solid; this, after recrystallisation, melted at 55—57° 
and proved to be ethyl ethylenetetracarboxylate. The oily mother- 
liquor was hydrolysed by boiling with dilute hydrochloric acid for 
some hours and concentrated ; a little fumaric acid then separated 
and was identified by conversion into maleic anhydride. The 
mother-liquor was evaporated to dryness and the syrupy residue 
was heated in an oil-bath at 180° until evolution of carbon dioxide 
had ceased and then digested with excess of acetyl chloride for 
2hours. On distillation, an anhydride was obtained which boiled 
at 165°/20 mm. and solidified to a crystalline mass, m. p. 62—70°. 
This was decomposed by boiling with water, and the solution allowed 
to evaporate over sulphuric acid in a vacuum desiccator; a solid 
was then obtained from which, by crystallisation from hydrochloric 
acid, cis-cyclobutane-1 : 2-dicarboxylic acid, m. p. 136—137°, was 
isolated in quantity. 

VI. On the addition of ethyl dibromobutanetetracarboxylate 
(25-2 g.) to a solution of ethyl butanetetracarboxylate (17-3 g.) 
in alcoholic sodium ethoxide (2-3 g. Na), the mixture became warm 
and sodium bromide separated. The action was completed by 
heating under reflux for 1 hour and the product was treated with 
water and extracted with ether. The syrup remaining after evapor- 
ation of the ether was hydrolysed by boiling with dilute hydrochloric 
acid for several hours, the solution was evaporated, and the syrupy 
residue heated at 180° until evolution of gas had ceased and then 
tefluxed for 2 hours with acetyl chloride. On distillation, an oil, 
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b. p. 148°/14 mm., was obtained which quickly solidified and after 
contact with porous porcelain had m. p. 72—74°. When this 
anhydride was boiled with water, and the solution allowed to con. 
centrate over sulphuric acid in a vacuum desiccator, cis-cyclo. 
butane-1 : 2-dicarboxylic acid was obtained, m. p. 137—138° 
(Found : C, 49:9; H, 5-7. Cale. for C,H,0,: C, 50-0; H, 5-6%). 

The Action of Phenol on (i) Ethyl «y-Dibromopropane-anyy. 
tetracarboxylate and (ii) Ethyl «&-Dibromobutane-aad3-tetracarboxylate. 
—(i) Ethyl «wy-dibromopropane-aeyy-tetracarboxylate (22 g,), 
mixed with phenol (70 g.), was gently boiled under reflux for 5 
hours and the product, which, on cooling partly crystallised, was 
distilled; a mixture of phenol and brominated phenol passed over 
at 185—190° and crystallised, a thermometer placed in the solidifying 
mass remaining at 35°. The residue above 190° was boiled for 6 
hours with concentrated hydrochloric acid (30 c.c.) and water 
(40 c.c.) and then distilled in steam to remove phenol, etc., and the 
solution, after being filtered from a viscid insoluble substance, was 
evaporated to a small bulk and left over solid potash in a vacuum 
desiccator for 2 weeks, during which the syrup deposited nearly pure 
propane-axy-tricarboxylic acid, CO,H-CH,°CH,*CH(CO,H),, in balls 
of needles which, after contact with porous porcelain, melted at 
115—118°. This acid is almost completely miscible with water, 
but a concentrated solution left over sulphuric acid gradually 
deposits needles which melt at about 125° and lose carbon dioxide 
at 128—135° (Found: C, 41-0; H, 4-6. C,H,O, requires C, 40-9; 
H, 45%). The acid was heated in a test-tube in a sulphuric acid 
bath at 150—160° until effervescence had ceased; the residue 
solidified, melted at 95—97° and, after crystallisation from a few 
drops of water, at 97—98° and consisted of glutaric acid (method 
of mixed melting point). 

(ii) A mixture of ethyl «3-dibromobutane-««d8-tetracarboxylate 
(20 g.) and phenol (60 g.) was heated to boiling for 6 hours and the 
portion boiling at 184—190°, containing much bromine, was distilled 
off. The residue was boiled with hydrochloric acid (30 c.c.) and 
water (40 c.c.) for 3 hours, the alcohol eliminated being allowed to 
escape; the solution was then filtered from the dark gum and 
evaporated to dryness. The solid residue separated from hydro- 
chloric acid in flat needles, m. p. 150—152°, and consisted of adipic 
acid, the yield being almost quantitative (Found: C, 49-2; H, 6-4. 
Calc. for C,H,,0,: C, 49-3; H, 6-9%). 

The Action of Ethyl «y-Dibromopropane-axyy-tetracarboxylaie oi 
8-Naphthol in the Presence of Sodium Ethoxide.—The dibromo-este! 
(21 g.) was added to a solution of 6-naphthol (6 g.) in alcoholic sodium 
ethoxide (Na, 2 g.), the clear liquid soon becoming cloudy. After 
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heating for an hour on the steam-bath, the alcohol was evaporated, 
and the residue was boiled with concentrated hydrochloric acid 
(20 c.c.) and water (50 ¢.c.) for 2 days, the alcohol produced being 
allowed to escape. The filtered product was evaporated to dryness, 
leaving @ syrup which largely crystallised, and this was extracted 
with ether. After filtration, and distillation of the ether, an almost 
solid mass remained which,'in contact with porous porcelain, left a 
colourless crystalline mass of nearly pure cyclopropane-1 : 1 : 2: 2- 
tetracarboxylic acid, m. p. 205—210° and after crystallisation from 
a little water, 210—212° (vig. eff.) (Found: C, 38-7; H, 2:9. 
(alc. for C,H,O,: C, 38-5; H, 2-7%). The identity of this acid, 
obtained in large yield in this process, was demonstrated by con- 
version into the cis- and trans-modifications of cyclopropane-] : 2- 
dicarboxylic acid. 

The Action of Ethyl «8-Dibromopropionate on Ethyl a<-Disodio- 
pentane-aayyes-hexacarboxrylate.—The ethyl pentanehexacarboxylate 
used in this experiment was obtained from the high-boiling oil 
produced during the preparation of ethyl propane-c«wyy-tetra- 
carboxylate by the condensation of ethyl malonate with form- 
aldehyde (Bottomley and Perkin, J., 1900, 77, 298).. Ethyl «6- 
dibromopropionate was prepared by the addition of bromine to 
acraldehyde, oxidation of the product to «8-dibromopropionic acid, 
and esterification of this with alcoholic hydrochloric acid. The 
material used distilled at 95—97°/13 mm. 

A concentrated alcoholic solution of the pentane ester (25 g.) was 
added to a solution (50 ¢.c.) of sodium ethoxide (2-5 g. Na) previously 
mixed with an equal volume of dry ether. Ethyl dibromopro- 
pionate (13 g.) was then added, the mixture kept cool during 24 
hours, the bulk of the solvents distilled off, and the residue mixed 
with water and extracted with ether. After being well washed, and 
dried over calcium chloride, the extract left on evaporation an oil, 
which was separated into two main fractions by distillation under 
reduced pressure. That boiling below 180°/15 mm. set to a wax- 
like solid on standing, and after contact with porous porcelain 
and crystallisation from alcohol, the crystals melted at 145—148° 
and were identified as ethyl paramethylenemalonate (Haworth and 
Perkin, J., 1898, 73, 340). The other fraction, b. p. 225—245°/ 
15 mm., was boiled with hydrochloric acid until a clear solution 
resulted, the water and hydrochloric acid were then removed by 
distillation under reduced pressure, and the residual syrup was 
heated in an oil-bath at 180—200° for several minutes. When the 
solution of the product in concentrated hydrochloric acid was kept 
for several days over solid potash in a vacuum desiccator, crystals 
gradually separated ; these, after being in contact with porous porce- 
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lain and recrystallised from hydrochloric acid, melted at 127—130° 
(Found : C, 47-2; H, 4-7. Cale. for CgH,,0,: C, 47-5; H, 4-9%), 
That this substance was trans-cyclopentane-] : 2 : 4-tricarboxylic 
acid was established by direct comparison with a specimen of this 
acid which had been prepared from the product of the action of 
ethyl «$-dibromopropionate on the disodium derivative of ethy] 
propane-axyy-tetracarboxylate (Goldsworthy and Perkin, J., 1914, 
105, 2673). 
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CC.—A_ Synthesis of Pyrylium Salts of Antho- 
cyanidin Type. Part XV. The Synthesis of 
Cyanidin Chloride by Means of O-Benzoylphloro- 


glucinaldehyde. 
By ALEXANDER ROBERTSON and RoBERT RosBrnson. 


THE methods for the syntheses of the anthocyanidins by way of 
their methyl ethers, unless very carefully controlled, are apt to 
lead to impure products in the final stage of demethylation by 
means of hydriodic acid in the presence of phenol. Although this 
difficulty can be readily overcome, it is unlikely that workers 
without previous experience in the group would be successful in 
doing so at the first attempt, and we have for some time realised 
the desirability of devising, if possible, a synthetic method of 
preparation of the pure anthocyanidins that could be used, say, as a 
laboratory exercise by students. The processes developed in this 
and the two following communications are readily carried through 
and result in the production of homogeneous anthocyanidins. 
Direct syntheses of pelargonidin and peonidin with the aid of 
O-triacetylphloroglucinaldehyde have been already described (Nolan, 
Pratt, and Robinson, J., 1926, 1968), but the yields were poor and 
the products difficult to purify. The synthesis of cyanidin by the 
same method has been attempted ; it proceeds rather more smoothly 
but is still unsatisfactory. O-Benzoylphloroglucinaldehyde, on the 
other hand, gives good results on condensation with acetylated 
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derivatives of substituted w-hydroxyacetophenones by means of 
hydrogen chloride, and after comparative trials we selected ethyl 
acetate or ethyl acetate—alcohol as the most suitable solvent. It is 
remarkable that in all the cases examined the acetyl groups are 
rmoved by hydrolysis from the ketonic component either in the 
ondensation or in the crystallisation of the product, but the 
benzoyloxy-group remains unaffected. The products are thus the 
benzoylated anthocyanidins and these exhibit the alkali-colour- 
reactions of the corresponding anthocyanins; e.g., benzoyleyanidin, 
hbenzoylpelargonidin, benzoylpeonidin, and benzoylmalvidin re- 
semble cyanin, pelargonin, peonin, and malvin, respectively. Since 
the benzoyl groups are in position 5, this evidence is in agreement 
vith the view that the disaccharide units in the anthocyanins 
mentioned are also in position 5. 

The benzoyloxy-groups are hydrolysed by means of aqueous 
alcoholic sodium hydroxide, a reagent which also ruptures the 
pytylium ring, and finally by treatment with hydrochloric acid the 
anthocyanidin is produced. The case described in the present 
communication is represented below. 

Cl 
OAc 


- O OH 
“a es eee. OAc OO ai 


Ou, valine OBz 


hi 
(II.) 
Cl 
Go— on COO < Son 


OH (IV.) 


We are deeply indebted to Geheimrath Professor R. Willstatter 
for kindly sending us a specimen of cyanidin chloride of natural 
origin. After purification of this, the identity of the natural and the 
synthetic material was established. 


(IIT.) 


ExPERIMENTAL. 


o: 3: 4-Triacetoxyacetophenone (II) was prepared by a inethod 
based on that of Voswinckel (Ber., 1909, 42, 4651). A mixture of 
pure «-chloro-3 : 4-dihydroxyacetophenone (Dreczgowski, J. Russ. 
Phys. Chem. Soc., 1893, 25, 154) (10 g.}, potassium acetate (10 g.), 
and acetic anhydride (40 c.c.) was heated on the steam-bath for 
3 hours and then refluxed for 4 hour. The cooled product was 
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decomposed by water (200 e.c.). The ketone (yield, 14 g:) crystal. 
lised from carbon tetrachloride and then from methyl ‘alcoho 
(charcoal) in colourless, rhombic plates, m. p. 95° (Found : \C, 57.0; 
H, 5-0. Cale. for C,,H,,0,: ©, 57-1; H, 48%). 
5-O-Benzoylcyanidin Chloride (III)—A solution of O-benzoyl. 
phloroglucinaldehyde (2-5 g.) (Part I, J., 1927, 1713) and a: 3:4. 
triacetoxyacetophenone (3-5. g.) in a mixture of ethyl acetate 
(50 ¢.c.) and 98% alcohol (20 c.c.) was cooled and saturated with 
hydrogen chloride. After 3 days the crystalline product was 
collected (4-6 g.); very little oxonium salt remained in the mother. 
liquor. When dry ethyl acetate (70 c.c.) was used instead of the 
mixture with alcohol, the yield was 4-0 g. of a somewhat inferior 
product. The crude salt (7-5 g.) was purified by solution in the 
minimum quantity of 80% ethyl alcohol and passage of hydrogen 
chloride into the solution (which boils) for 5 minutes. On cooling, 
the benzoylcyanidin chloride separated in compact crystals having a 
dark green appearance (5 g.). Recrystallisation was effected by 
solution in a mixture of boiling ethyl alcohol and 0-5% hydrochloric 
acid (1:1) and addition of hot 10% hydrochloric acid until there 
were indications of the incipient separation of solid. The cooled 
solution deposited dark red, slender, prismatic needles which 
matted together on the filter and when dried had a purplish appear- 
ance in mass. The substance was dried in a high vacuum and was 
then too hygroscopic to weigh accurately; it. was kept in the air 
until the weight was constant (Found: C, 57-8; H, 42. 
C..H,;0,C1,1-5H,O requires C, 58-3; H, 40%). Benzoyleyanidin 
chloride dissolves in ethyl alcohol to a bluish-red solution that 
becomes permanganate-coloured on dilution but never violet (dis- 
tinction from benzoylpelargonidin, benzoylpeonidin and benzoy)- 
malvidin); on the addition of water a pink solution is obtained 
and this is rapidly decolorised on heating. The restoration of colour 
by the addition of hydrochloric acid is immediate but not quite 
complete. The solution of the salt in aqueous sodium carbonate is 
pure blue, and becomes a little greener on the addition of alcohol. 
Ferric chloride added to an alcoholic solution gives an intense deep 
blue coloration ; on dilution with water the solution becomes reddish- 
violet—the reaction is identical with that exhibited by cyanidin. 
Cyanidin Chloride (IV).—Benzoyleyanidin chloride (5 g.) was 
added to cold 8% aqueous-alcoholic sodium hydroxide (65 c.c.; 
solvent was 3 vols. of alcohol mixed with 2 vols. of water), air being 
excluded from the apparatus by nitrogen. The mixture, which was 
frequently agitated, was at first deep blue and gradually became 
dull orange-brown; after 3 hours, concentrated hydrochloric acid 
(100 c.c.) was added, and the whole heated at 60° until no further 
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increase in the intensity of the colour occurred. After being kept 
for 12 hours in the ice-chest, the solid was collected, washed with 
5% hydrochloric acid and ether, and dried in the air (yield, 3 g.). 

This product was almost pure, but was converted into the picrate, 
which crystallised from not too much aqueous-alcoholic picric acid 
in fibrous needles. The chloride regenerated in the usual manner, 
from a solution in methyl alcohol containing hydrogen chloride 
by the addition of ether, was a chocolate-brown, crystalline powder. 
The salt was recrystallised by solution in alcohol, addition of 10% 
hydrochloric acid, and distillation of the alcohol until crystals made 
their appearance in the liquid. On cooling, the cyanidin chloride 
separated almost completely in clusters of straight, thin, chocolate- 
brown needles (Found: C, 52-8; H, 3-9; Cl, 10-1. Cale. for 
C,3;H,,0,Cl,.H,O : C, 52-9; H, 3-8; Cl, 10-4%). 

Under other conditions the salt usually crystallises in prismatic 
needles or elongated rhombic prisms. The specimen exhibited all 
the properties of cyanidin chloride; for example, the sparing 
solubility in dilute sulphuric acid, the colours of acid, neutral, and 
alkaline alcoholic and aqueous solutions, the mode of pseudo-base 
formation, the precipitation of the colour-base by the addition of 
water to an alcoholic solution, and the ferric chloride colour reaction 
were all found to be normal. 

The crude natural cyanidin chloride supplied by Professor 
Willstatter was purified through the picrate and crystallised in the 
manner described above for the synthetic material. A careful 
comparison disclosed no differences existing between the two speci- 
mens. The appearance and habit of crystallisation were identical 
and the solubility in 0-1% hydrochloric acid was also the same 
(colorimetric determination). A filtered saturated solution of the 
synthetic material in 0-1% hydrochloric acid dissolved no trace 
of the natural, and vice versa; the solutions were only weakly 
coloured. 

The natural specimen (5-08 mg.) and the synthetic (5-07 mg.) were 
separately dissolved in 50 c.c. of ethyl alcohol. The following descrip- 
tion applies to both solutions, no shade of divergence being noted 
at any stage. The solution was dark red, bluish-red in thin layers 
(l0 c.c. treated with 1 c.c. of dilute aqueous ferric chloride became 
deep blue and then rapidly changed to green and greenish-yellow ; 
om long standing, yellowish-brown), and 40 c.c. made up to 100 c.c. 
vith alcohol had a more bluish-red colour (colorimetric comparison). 
0 C.c. of this solution were mixed with 10 c.c. of aqueous copper 
wetate, giving a bright blue solution which soon became greenish- 
blue, bluish-green, and green, successively, and the colour faded; 


after 12 hours, the green solutions became turbid, but if at once 
3 E 
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heated there was a colourless precipitate and a brown film formed on 


the sides of the vessel. The remainder of the cyanidin solution was ye 
diluted to 100 c.c. with alcohol, giving a very bluish-red solution 
(colorimetric comparison) (50 c.c. treated with potassium acetate is] 
gave a violet solution and then, on the addition of hydrochloric acid, § .., 
a red solution). Dilution of the remainder of the cyanidin solution § ,,,, 
to 250 c.c. with water gave a reddish-violet solution (colorimetric per 
comparison), which became pink on acidification (colorimetric § ,,. 
comparison); when a portion (not acidified) was heated, it became § 4,, 
colourless, and on strong acidification with hydrochloric acid § ,,, 
scarcely any colour-salt was regenerated. On boiling, a part of the A 
colour was restored (comparison of rate of pseudo-base formation § ;, 
and extent and rate of regeneration of colour-salt). A similar § ,;,, 
quantitative comparison was made in connexion with the alkali. § ,,, ; 
colour-reactions in aqueous and alcoholic solutions and again no § ¥ , 
differences could be detected. nl 
The manuscript of this paper was prepared in March and we must a 
now append some preliminary comments on a memoirwhich appeared § 
on April 11th, in which it is alleged that cyanidin chloride is not phlo 
3:5:7:3':4'-pentahydroxyflavylium chloride. stats 
The evidence on which Malkin and Nierenstein (Ber., 1928, 61, § }5)° 
797) base this claim is, however, wholly inadequate to sustain their the { 
view, as may be seen from a brief analysis of their argument, which § ,.4), 
runs as follows : Th 
(1) Aspecimen, X, considered to be3 : 5 : 7 : 3’ : 4’-pentahydroxy- § 5.1. 
flavylium chloride, was obtained by the demethylation of its tri- § ;, 4), 
methyl ether (Pratt and Robinson). This had certain definite § j,., 
properties; e.g., it gave a pure blue coloration in aqueous solutions condi 
having py 11-57. Niere 
(2) The specimen X differed in many respects from pure cyanidin & j¢ 4),, 
chloride (Y) derived from cyanin chloride. Malkin and Nierenstein § 4... 
establish this by comparisons described with much circumstantial Aft 
detail; but here they are forcing an open door, since it is agreed ene 
that X and Y as prepared by these authors might exhibit somewhat § ,, . p 
divergent properties. we ar 
(3) Our statement (J., 1927, 1711) that the results of the earlier... 
anthocyanidin syntheses are subject to. unexplained variation § ji... 
(hence the necessity for the present communication) was noticed by wom 
Malkin and Nierenstein, but they nevertheless considered X to be synthe 
perfectly homogeneous, chiefly because it was found to be identical definit 
with aspecimen (Z) synthesised from O-triacetylphloroglucinaldehyde § ,... 
and w : 3 : 4-triacetoxyacetophenone. 


This section of the argument is of vital importance, since ow 
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view is that X was not a specimen of a pure pentahydroxyflavylium 
chloride. 

The method of preparation of Z given by Malkin and Nierenstein 
is based on the process previously used by Nolan, Pratt, and Robin- 
son (J., 1926, 1968) for the syntheses of pelargonidin and peonidin 
ana in the original paper on the latter topics the difficulties ex- 
perienced in the isolation of the pure salts were emphasised. As 
stated above, we have tested this synthesis of cyanidin and aban- 
doned it as unsatisfactory. Its use as a method of preparation of a 
standard is unquestionably an inversion of correct procedure. 

A proof of the identify of X and Z is stated to be found in the 
fact that Z, like X, gives a pure blue coloration at py, 11-57. We 
admire the delicacy of perception that enables the p, of a solution to 
be determined to one part in a thousand by observation of a change 
of colour from violet-blue to pure blue. Even if the specimens X 
and Z were identical, that would not prove that they consisted of 
pure pentahydroxyflavylium chloride; it would certainly suggest 
that the impurities have nothing to do with the demethylation and 
would point to the common factor, namely, the use of O-triacetyl- 
phloroglucinaldehyde as the starting point (Malkin and Nierenstein 
state that triacetylphloroglucinaldehyde has m. p. 157°, instead of 
151° as recorded by Pratt and Robinson, but they have overlooked 
the fact that this correction had already been made by the present 
authors, loc. cit., p. 1713). 

The divergences noted as existing between X and Y are not incon- 
sistent with the view that X was an impure specimen of Y except 
in the one particular that Y gave a good yield of an oxidation pro- 
duct, no trace of which was obtainable from X under the same 
conditions. ‘This is the only experiment mentioned by Malkin and 
Nierenstein which has in our opinion a real bearing on the question 
of the constitution of cyanidin and in this case the details were not 
disclosed. 

Aiter our study of the paper of Malkin and Nierenstein we per- 
formed the following experiment. A specimen of cyanidin chloride 
was prepared from mecocyanin chloride, for the provision of which 
we are greatly indebted to Professor Willstatter. This was quanti- 
tatively compared with our newly synthesised salt (above) and 
differences, such as those noted by Malkin and Nierenstein as existing 
between X and Y, could not be detected. The natural and the 
synthetic specimens gave the same colorations with solutions of 
definite pq (6-0, 7-0, 8-0, 9-0, and 10-0) made from the universal 
buffer solution supplied by the British Drug Houses, Limited. 
2C.c. of a 0:005% alcoholic solution were added to 50 c.c. of the 
various solutions. As a check, very dilute hydrochloric acid was 
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added to very dilute aqueous sodium carbonate containing thymol. 
phthalein until the solution became colourless. The py should 
then be 9-0—9-3, and both salts dissolved in this medium to a pure 
blue solution. 

The test with copper sulphate in very dilute solution was repeated 
under the conditions prescribed by Malkin and Nierenstein with 
the result that the cyanidin chloride from mecocyanin and ou 
synthetical salt showed an identical behaviour, and it should be 
observed that this behaviour was similar to that which Malkin and 
Nierenstein state to be characteristic of natural cyanidin chloride 
and differed from that of the supposed synthetic pentahydroxy. 
flavylium chloride of these authors. 

A sample of cyanidin chloride synthesised by the first method of 
Pratt and Robinson (J., 1924, 125, 172) was also examined; it 
was not quite pure, but its behaviour was so close to that of the 
cyanidin chloride from mecocyanin that there could be no doubt in 
regard to the fundamental identity of the substances. Furthermore 
the description of the salt prepared from trimethylcyanidin by 
Malkin and Nierenstein does not apply to the material obtained in 
this manner by Pratt and Robinson (J., 1925, 127, 1189). 

Finally, we note that Malkin and Nierenstein have prepared 
w-chloro-3 : 4-diacetoxyacetophenone by the interaction of di- 
acetoxybenzoyl chloride and diazomethane. They state that the 
yellow substance has m. p. 94—95° and have apparently overlooked 
the already known and convenient method of preparation of this 
colourless chloro-ketone, which actually melts at 110° * (Voswinckel, 
loc. cit.). It has recently been observed in this laboratory that 
the interaction of acid chlorides and diazomethane yields the diazo- 
ketones, and the case of 3 : 4-diacetoxybenzoyl chloride is no ex- 
ception. Drs. W. Bradley and G. Schwarzenbach have found that 
the primary product in this case is w-diazo-3 : 4-diacetoxyaceto- 
phenone, yellow crystals, m. p. 77°, and the details will be published 
in due course. 


The authors wish to express their indebtedness to the Chemical 
Society and the Royal Society for grants which have defrayed a 
part of the cost of the investigation. 


THE UNIVERSITY, MANCHESTER. [Received, May 3rd, 1928.] 


* Dreczgowski (J. Russ. Phys. Chem. Soc., 1893, 25, 157) gave the m. p. 
95° for this substance, but this was corrected by Voswinckel and we have 
confirmed the m. p. 110° on several occasions. The m. p. of w: 3: 4-tt 
acetoxyacetophenone is 95°. 
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CCI—A Synthesis of Pyrylium Salts of Antho- 
cyanidin Type. Part XVI. The Synthesis of 
Pelargonidin Chloride by Means of O-Benzoyl- 
phloroglucinaldehyde. 


By ALEXANDER ROBERTSON, ROBERT ROBINSON, and Jiro 
SuaIuRa. 


THE condensation of O-benzoylphloroglucinaldehyde and w : 4-di- 
acetoxyacetophenone in ethyl acetate solution in the presence of 
hydrogen chloride leads to the formation of 3:7 : 4’-trihydroxy- 
5-benzoyloxyflavylium chloride (5-O-benzoylpelargonidin chloride) (1), 
which on de-benzoylation is changed toe pelargonidin chloride (II). 


Cl Cl 


a 


Oo O 
HO, —< 0H 
OH 
Bz (I.) H = (It) 


The reactions of (I) resemble those of pelargonenin and pelargonin 
chlorides, not only in connexion with the colours of acid and alkaline 
solutions but also because the alcoholic solutions exhibit a green 
fluorescence. 

This evidence tends to confirm the view that pelargonenin is a 
pelargonidin 5- or 7-glucoside. Phloroglucinol derivatives seldom 
exhibit intense fluorescence, unless in sulphuric acid solution ; on the 
other hand, resorcinol derivatives frequently fluoresce brightly in 
aqueous or alcoholic solutions and we consider that the presence of 
the benzoyl group in (I) makes the nucleus virtually equivalent to 
that of a resorcinol derivative. 

The suggestion is that the sugar groups in pelargonenin and 
pelargonin (also in the Salvia series of anthocyanins) exercise a 
similar function and must therefore be in one of the positions 
5and 7. It should be clearly understood that all remarks in this 
series of memoirs on the constitution of anthocyanins are based on 
the assumption that these substances are homogeneous. For 
example, in regard to pelargonin our definite conclusion is that it is 
a5- or 7-diglucoside of pelargonidin or that it is a mixture containing 
sufficient of the 5- or 7-substituted pelargonidin (not necessarily 
diglucosidoxy-substituted) to enable it to exhibit certain charac- 
teristic properties. We consider that pelargonin cannot be pure 
pelargonidin 3-diglucoside. Naturally it is not possible to express 
an opinion in regard to this question of the homogeneity of the 
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anthocyanins without very careful independent examinations, 
which we have not yet had the opportunity to make in a sufficiently 
detailed manner. 

An account of an attempt to prepare 3:5: 7 : 3’ : 5’-pentahydr. 
oxyflavylium chloride (III) is included in this communication, 
We desired to obtain this salt in order to estimate the importance 
of the part played by the hydroxy] in position 4’ in determining the 
reactions of delphinidin. 

Cl Cl 
stl orn 
O O OMe 


HO, H 
OH OH OMe Me 


HO (III.) H (IV.) 


Employing the methods developed in this series of papers, we 
obtained without difficulty the trimethyl ether (IV), but this salt 
decomposed on attempted demethylation by means of hydriodic 
acid in the presence of phenol. Indications of the production of 
(III) were obtained in some experiments. 


EXPERIMENTAL. 


5-O-Benzoylpelargonidin Chloride (1).—A solution of O-benzoyl- 
phloroglucinaldehyde (7-7 g.) and w:4-diacetoxyacetophenone 
(7-0 g.) in dry ethyl acetate (150 c.c.) was saturated with hydrogen 
chloride and kept for 3 days. The red crystals that separated 
were collected (9-5 g.), and a portion was crystallised by solution in 
the minimum quantity of cold methyl alcohol and addition of 10%, 
hydrochloric acid until a turbidity appeared. In a few hours 
microscopic, rectangular plates, having a maroon colour in mass 
and a deep blue lustre, were deposited (Found in material dried over § 
sulphuric acid and sodium hydroxide: C, 61-0; H, 4-4; Cl, 87. 
C,.H,,0,Cl,1-5H,O requires C, 60-3; H, 4-2; Cl, 8-1%).  Benzoyl- 
pelargonidin chloride dissolves in alcohol to a violet solution and the 
pseudo-base is formed in very dilute alcoholic solution or on the 
addition of water. The acid alcoholic solutions resemble aqueous 
solutions of eosin both in colour and in fluorescence. Aqueous 
sodium carbonate dissolves the salt to a bright violet solution, but 
the colour in alcohol, even in 50% alcohol, is pure blue. 

Pelargonidin Chloride (I1).—Crude benzoylpelargonidin chloride 
(9-5 g.) was dissolved in a mixture of alcohol (120 c.c.) and 20% 
aqueous sodium hydroxide (80 c.c.), air being excluded from the 
apparatus by hydrogen. The intensely purplish-blue solution 
became dichroic (red) and then green. After 5 hours, concentrated 
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hydrochloric acid (100 c.c.) was added and the mixture was heated at 
60° for a minute, kept for 15 minutes, then cooled, and added to a 
large volume of ether and 50 c.c. of water. The precipitated salt 
was collected and washed with 3% hydrochloric acid. The picrate 
was precipitated from a solution in very dilute hydrochloric acid 
in crimson needles, which were collected. This material dissolved 
in ethyl alcohol and immediately separated again; it was redissolved 
by heating and some picric acid added. The cooled solution 
deposited short, deep crimson needles. The regenerated chloride 
separated from the methyl alcohol-ether mixture in swallow-tail- 
ended leaflets and on recrystallisation, by addition of its filtered 
solution in methyl alcohol to hot 15% hydrochloric acid, it formed 
elongated, almost rectangular plates or flat, long prisms (Found : 
(, 55-8; H, 4-1. Calc. for C,;H,,0,ClH,O: C, 55-6; H, 40%). 
The salt crystallised from 3% hydrochloric acid in prismatic needles 
and from methyl alcohol, by exposure of the solution to hydroger 
chloride, in sharply cut, almost rectangular, elongated prisms. Ifa 
dilute solution of a pure specimen in methyl alcohol is added to hot 
15% hydrochloric acid, rhombic plates are obtained and a large 
proportion of these have broad markings along the diagonals, giving 
the crystals the appearance of an envelope. Evaporation of a 
solution in a mixture of ethyl alcohol and 7% hydrochloric acid gave 
long, flat needles. The substance exhibited ali the recorded pro- 
perties of pelargonidin chloride and the only point not checked was 
the supposed conversion into a new substance by the action of hot 
hydrochloric acid. 

When water is added to a concentrated alcoholic solution it is true 
that a deep red solution is formed and that the colour-base is not 
precipitated. On long standing, however, a colour-base having a 
green reflex (duller than that of cyanidin) and a violet colour by 
transmitted light is deposited. The colour-base is converted into the 
colour-salt on warming with a dilute solution of tartaric acid or citric 
acid. The blue solution of pelargonidin in aqueous sodium carbonate 
is reddish-violet when viewed in the light of a metal-filament lamp. 

:3:5-T'rimethoxyacetophenone, (MeO),C,H,-CO-CH,-OMe.—On 
methylation by means of methyl sulphate and potassium hydroxide 
in aqueous methyl-alcoholic solution, orcinol gave a little more 
than its own weight of the dimethyl ether, b. p. 227—228°/751 mm., 
and on oxidation by hot 2% aqueous potassium permanganate 
(twice the theoretical quantity), 3 : 5-dimethoxybenzoic acid, m. p. 
181—182° (lit., 180°), was obtained in 25% yield. 

thyl wy-dimethoxyacetoacetate (22-8 g.) was gradually added 
to a suspension of granulated sodium (2-8 g.) in ether (150 c.c.) and 
when the formation of the sodio-derivative was complete a solution 
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of 3: 5-dimethoxybenzoyl chloride (24-1 g.) in ether (95 c.c.) was 


introduced. The mixture was refluxed for 4 hours and kept for 
12 hours. After removal of the solvent the viscous, orange residue § th 
was agitated for 12 hours with cold 2-5% aqueous potassium § is: 
hydroxide (550 c.c.), and the reaction completed by heating on the § qu 
steam-bath for 4 hours. ‘The neutral product was isolated by means | 
of ether and distilled (6-7 g., b. p. 127—137°/3 mm.). The oil soon § 10 
solidified and the ketone crystallised from light petroleum in colour. § 1h 
less needles, m. p. 42° (Found : C, 63-1; H, 6-6. ©,,H,,O, requires §§ ci 
C, 62-9; H, 6-7%). The substance is readily soluble in most § (Ff 
organic solvents. The semicarbazone crystallises from alcohol in pre 
colourless needles, m. p. 149—149-5° (Found : N, 16-0. C,.H,,0,N, 9 anc 
requires N, 15-7%). but 
7-Hydroxy-5-benzoyloxy-3 : 3' : 5'-trimethoxyflavylium Chloride (IV § obt 
with OBz in position 5).—A mixture of O-benzoylphloroglucin- § col 
aldehyde (2-3 g.), w: 3: 5-trimethoxyacetophenone (2-0 g.), and 1 
anhydrous ether (500 c.c.) was saturated with hydrogen chloride _ 
for a few hours and then kept for 2 days. The brownish-crimson “i 
crystals that separated exhibited a green reflex and were collected = 
(0-§4g.). The salt was recrystallised from methyl alcohol containing 
hydrogen chloride, forming prismatic needles (Found in material om 
dried over sulphuric acid and sodium hydroxide: C, 59-5; H, 5-0; CC 
Cl, 6-9. C,;H,,0,Cl,2H,O requires C, 59-5; H, 5-0; Cl, 7-0%). 
5 : 1-Dihydroxy-3 : 3’ : 5'-trimethoxyflavyliwm Chloride (IV).— 
(A) A mixture of w:3:5-trimethoxyacetophenone (3-2 g.), 
0-triacetylphloroglucinaldehyde (4:5 g.), and formic acid (15 c.c.) 
was cooled and saturated with hydrogen chloride for 3 hours. Next 
day the product was precipitated by the addition of ether, collected, THE 
and hydrolysed by means of boiling alcohol (150 c.c.) and con- § Rob 
centrated hydrochloric acid (25 ¢.c.) for 10 minutes. The greater § ° t! 
part of the alcohol was removed by distillation under diminished of tl 
pressure and 10% hydrochloric acid (100 c.c.) was added to the W 
residue. The crude salt was purified by solution in 0-5% hydro- brou 
chloric acid and precipitation with concentrated hydrochloric acid for t 
and then by crystallisation from methyl alcohol containing hydrogen 5. 
chloride. The dark violet-brown, flat prisms are reddish-brown of O 
by transmitted light and exhibit a coppery glance (Found : ©, 58:1; H #et 
H, 5-2; MeO, 22-0. C,,H,,0,C1,0-5H,O requires C, 58-0; H, 4:8; “lor 
MeO, 244%). In view of the difficulty often experienced in 
obtaining satisfactory results for methoxyl in the flavylium salt 
series, the low value found in this case is without significance except Ht 


that it excludes the composition C,,H,,0,Cl,CH,O (C, 57-6; H, 53; 
MeO, 31-:3°%). The salt dissolves in aqueous sodium carbonate toa 
greenish-yellowish-brown solution; it is insoluble in cold 0:5" 


A SYNTHESIS OF PYRYLIUM SALTS, ETC. PART XVII. 1537 


hydrochloric acid, but dissolves in the hot solvent to an orange-red 
solution. The latter gives a dark brownish-violet colour-base on 
the addition of sodium acetate. The rose-coloured solution in alcohol 
is decolorised on the addition of water and the colour is rapidly and 
quantitatively restored on the addition of hydrochloric acid. 

(B) The benzoyl derivative (above) was hydrolysed by means of 
10% aqueous sodium hydroxide in the absence of air for 4 hours. 
The regenerated salt was crystallised from dilute hydrochloric 
acid and then from methyl alcohol containing hydrogen chloride 
(Found: C, 57-6; H, 5-2%). The salt was identical with that 
prepared as under (A). All attempts to demethylate this substance 
and to isolate the product in a pure condition were unsuccessful, 
but solutions of the pentahydroxyflavylium chloride were probably 
obtained in the course of the experiments. The bluest alkali- 
colour-reaction observed was a reddish-purple. 


The authors are indebted to the Royal Society for a grant which 
has defrayed a part of the cost of the investigation. 


THE UNIVERSITY, MANCHESTER. [Received, May 3rd, 1928.] 


CCIL—A Synthesis of Pyrylium Salts of Antho- 
cyanidin Type. Part XVII. The Synthesis of 
Peonidin Chloride by Means of O-Benzoylphloro- 
glucinaldehyde. 

By Sxinzo Murakami and RoBert ROBINSON. 

Tue synthesis of peonidin chloride described by Nolan, Pratt, and 

Robinson (J., 1926, 1968) was a satisfactory proof of the constitution 

of the anthocyanidin, but the yield was poor and the purification 

of the salt was difficult to effect. 

We have now found that a considerable improvement may be 
brought about by the substitution of O-benzoylphloroglucinaldehyde 
for the O-triacetylphloroglucinaldehyde previously employed. 

5-0-Benzoylpeonidin chloride (1) is the product of the condensation 
of O-benzoylphloroglucinaldehyde and « : 4-diacetoxy-3-methoxy- 
acetophenone, (AcO)(OMe)C,H,*CO-CH,°OAc, by means of hydrogen 
chloride in ethyl acetate solution. 


Cl 
os 
O OMe 
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The hydrates C,,H,,0,Cl,0-5H,O and C,,H,,0,Cl,3H,0 were 
isolated and the alkali-colour-reaction of the salt closely resembles 
that of peonin chloride. 

De-benzoylation by the usual method furnished peonidin chloride 
(II), of which three forms were analysed, namely, C,,H,,0,C1,H,0 
and two modifications of the hydrate C,,H,,0,Cl,1-‘5H,O. We 
are very grateful to Professor R. Willstatter for kindly sending usa 
specimen of peonidin chloride of natural origin (Willstatter and 
Nolan, Annalen, 1915, 408, 136). A comparison of the reactions 
of the natural and the synthetic specimen disclosed no differences, 
but the crystal habit and solubility relations could only be equated 
after drastic purification of the anthocyanidin from peonin. In the 
course of work in the flavylium salt group it has frequently been 
noticed that small traces of persistent impurities completely alter the 
behaviour of anthocyanidins, and Willstatter and his collaborators 
have directed attention to this on several occasions. 


EXPERIMENTAL. 

5-O-Benzoylpeonidin Chloride (1).—A solution of O-benzoylphloro- 
glucinaldehyde (2-94 g.) and w: 4-diacetoxy-3-methoxyaceto- 
phenone (2-58 g.) (Nolan, Pratt, and Robinson, loc. cit.) in ethyl 
acetate (75 c.c.) was cooled in running water and saturated with 
hydrogen chloride. Bright red crystals separated after 2 hours and 
after being kept over-night the salt was collected, washed with ethyl 
acetate and ether, and dried in the air (yield, 3-55 g., and 1-22 g. of 
darker crystalline material by the addition of ether to the mother- 
liquor) (Found: C, 61-1; H, 4-1; Cl, 7-3; loss at 110° in a vacuum 
over phosphoric oxide, 2-1. C,3H,,0,Cl,0-5H,O requires C, 61-4; 
H, 4:0; Cl, 80; H,O, 20%). The scarlet needles are readily 
soluble in methyl] and ethy] alcohols to crimson solutions that become 
violet on dilution with more alcohol and colourtess on great dilution 
and warming. The pink colour is quickly and quantitatively 
regenerated on the addition of hydrochloric acid. Boiling distilled 
water is not coloured by this salt, which is also very sparingly 
soluble in hot 0-5% hydrochloric acid. The solution in aqueous 
sodium carbonate is pure blue, greenish-blue in thin layers and 
purplish-blue in thick layers. The dichroism is barely perceptible 
by daylight, but by artificial light (metal filament) it is marked 
and the colour of the solution appears reddish-violet. This contrast 
has been frequently noticed and it should be understood that all 
the colorations mentioned in this series of papers have been observed 
in daylight. Sodium acetate added to an acid alcoholic solution 
gives a violet coloration and on the addition of water the pseudo-base 
is quickly formed. 
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The red crystals (1 g.) were dissolved in methyl alcohol (about 
80 c.c.) at 50—60° and warm 15% hydrochloric acid (about 10 c.c.) 
was added. On keeping short, stout, glistening beetle-green prisms 
separated ; these were yellowish-brown by transmitted light and 
gave a violet-red smear on paper (Found : C, 56-5; H, 4-7 ; Cl, 7-3; loss 
at 160° in a vacuum over phosphoric oxide, 10-9. C,,H,,0,C1,3H,O 
requires C, 55-8; H, 4-7; Cl, 7-2; H,O} 10-9%). The behaviour 
towards reagents was the same as that of the red crystals. 

3:5:7:4'-Tetrahydroxy-3'-methoxyflavylium Chloride (Peonidin 
Chloride) (11).—5-O-Benzoylpeonidin chloride (5 g.) was added to 
8% aqueous alcoholic (50 c.c. of water and 75 c.c. of alcohol) sodium 
hydroxide with cooling, and the solution allowed to remain for 3 
hours at room temperature; air was excluded by means of nitrogen 
and the mixture was occasionally shaken. After the addition of 
concentrated hydrochloric acid (100 c.c.), the whole was heated at 
60° for some time and then cooled and kept in the ice-chest for 12 
hours. The chocolate-brown precipitate was collected, washed with 
dilute hydrochloric acid and ether, and dried in the air. 

(A). The crude product was dissolved in hot 1°, hydrochloric acid, 
and concentrated hydrochloric acid added so as to bring the con- 
centration of acid to 20%. Crystallisation was rapid and the 
dark violet product was seen under the microscope to consist of 
brown, prismatic needles (Found in air-dried material: C, 54-0; 
H, 4-6; loss at 110° in a vacuum, 4-8. C,,H,,0,Cl,H,O requires 
(, 54:2; H, 4:2; H,O, 5-1%). Willstatter and Nolan (loc. cit.) 
crystallised peonidin chloride from 20% hydrochloric acid and 
found that the product was a monohydrate. 

(B). The chocolate-brown crystalline powder separating from 1% 
hydrochloric acid was dried in the air (Found: C, 52-3; H, 4-5; 
(1, 9-9; loss at 110° ina vacuum, 7-4. C,,H,,0,C1,1-5H,O requires 
(, 52:8; H, 4-4; Cl, 9-8; H,O, 7-4%). 

(C). The crude salt (1 g.) was dissolved in ethyl alcohol (70 c.c.) 
at 60—70°, and hot 10% hydrochloric acid (20 c.c.) added to the 
solution. After a few hours, glistening rhombohedra having a 
brilliant blue reflex separated; the crystals were yellowish-brown 
when viewed by transmitted light (Found: C, 52-4; H, 4-6; Cl, 
92; loss at 110° in a vacuum, 7-5%. Theory as above). 

The reactions of the three specimens analysed were identical and 
they were also found to be identical with those of the material of 
natural origin. The latter was dissolved in 0-5% hydrochloric acid, 
and the acid concentration brought to 3%. The crystals were 
collected and converted into the picrate, which was crystallised 
from a little methyl alcohol. The chloride recovered from the 
picrate was crystallised from hot dilute hydrochloric acid by bringing 
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the concentration of hydrogen chloride to 20% and closely resembled 
our specimen (A) in appearance and crystalline form. A solution 
of either specimen of the salt (5-0 mg.) in 10 c.c. of alcohol had a 
bright eosin-red colour tinged with violet; after dilution to 50 c.c., 
the colour by transmitted light was yellower, duller, and deeper, 
but thin layers had a bluer cherry-red colour: dilution to 150 c.c, 
gave a cherry-red solution (S), and 20 c.c. of this diluted to 100 c.c. 
gave a violet solution the colour of which faded slowly on the 
addition of an equal volume of water. Addition of sodium acetate 
to (S) gave a dichroic solution, blue in thin layers, reddish-violet in 
thick layers, and apparently exhibiting a red fluorescence which is 
probably an effect of the dichroism. Quantitative colorimetric 
comparisons showed that at all stages the solutions were identical. 
Similarly, 5 mg. of each of the specimens were dissolved in 10 c.c. of 
saturated aqueous sodium carbonate; dilution to 100 c.c. gave a 
pure blue dichroic solution (violet in thick layers) (T) and dilution 
to 1000 c.c. gave a greenish-blue solution the dichroism of which 
was not evident. The two specimens behaved alike and were in 
this case also compared colorimetrically. The alcoholic solutions 
(S) gave no coloration on the addition of ferric chloride. A quantit- 
ative comparison of the rate of pseudo-base formation and the extent 
of recovery of pyrylium salt on acidification and heating was also 
carried out with the result that no differences could be detected. 
10 C.c. of a dilute solution of hydrogen peroxide were added to 5 c.c. 
of the alkaline solutions (T); the colour faded, became green and 
then yellow, both specimens behaving alike. Many other com- 
parisons were carried out and the only difference noted was that we 
could not crystallise the specimen of natural origin in the form noted 
above under (C). We therefore purified it once again through the 
picrate and the recovered chloride now crystallised from alcohol and 
10° hydrochloric acid in more prismatic needles and exhibited a 
greenish-brown glance. After three more crystallisations a small 
amount of material of definitely prismatic habit and showing, 
although in a less well-defined manner, the crystalline form of the 
specimen (C) and having a green reflex was obtained. We are of the 
opinion that the anthocyanidins derived from natural sources are 
sometimes not quite pure and in the case of peonidin the impurity 
is probably malvidin. 

By the addition of a trace of malvidin chloride (synthetic) to the 
specimen (C) (above) we found that we had obtained a material 
crystallising under the (C) conditions first indefinitely as a chocolate- 
brown powder and then in needles, exactly as natural peonidin 
chloride does. Under comparable conditions pure peonidin chloride 
is much more readily soluble in cold 0-1% hydrochloric acid than in 
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05% hydrochloric acid. The finally purified natural anthocyanidin 
and the specimen C behaved identically towards these reagents and 
this was confirmed colorimetrically with the solutions in 0-5% 
hydrochloric acid. 


We desire to thank the Royal Society for a grant which has 
defrayed a part of the cost of this investigation. 


THE UNIVERSITY, MANCHESTER. [Received, May 3rd, 1928.] 


CCCIIL.—A Synthesis of Pyrylium Salts of Antho- 
cyanidin Type. Part XVIII. A Synthesis of 
Malvidin Chloride. 


By Witt1iaM BrRaDLey and Rosert Rosinson. 


WILLSTATTER and MreG (Annalen, 1915, 408, 122) found that 
malvin, the anthocyanin of the violet flowers of the wild mallow 
(Malva silvestris, L.), on account of the facility with which its 
sparingly soluble salts crystallise, could be isolated with particular 
ease. 

Malvin chloride was shown to be the diglucoside of malvidin 
chloride, itself a dimethyl ether of delphinidin chloride (I), and it is 
noteworthy that of the various mono- and di-methyl ethers of 


Cl Cl 
ent 
O OH 


oO OMe 
Hof \” \—_< * 0H H —< 0H 
. jou OH OH OMe 
H (I.) H (II.) 

delphinidin chloride examined by Willstatter and his collaborators, 
oly malvidin and petunidin gave analytical figures indicating 
complete homogeneity. The status of malvidin as a chemical 
individual is unchallenged and it seems probable that petunidin also 
isa pure substance, namely, delphinidin 3’-methyl ether. Willstatter 
and Burdick (Annalen, 1916, 14412, 217), who isolated and examined 
petunin chloride, commented on the homogeneity of the pigment 
and emphasised its importance in connexion with our knowledge of 
the delphinidin methyl ethers. According to Karrer and Widmer 
(Helv. Chim. Acta, 1927, 10, 5), however, myrtillidin and cenidin 
are mixtures containing malvidin, which is evidently one of the 
nore widely distributed anthocyanidins. 

Gatewood and Robinson (Part X, J., 1926, 1959) first suggested 
that malvidin chloride should be represented by the formula (II), 
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basing their argument on the reactions of delphinidin chloride 
3-methyl ether and of other polyhydroxyflavylium salts related to 
delphinidin. 

Then Anderson and Nabenhauer (J. Amer. Chem. Soc., 1926, 48, 
2997) isolated a pigment from Isabella grapes which they con- 
sidered should be identical with Willstaétter and Zollinger’s cenin. 
The related anthocyanidin gave an amorphous product on acetyl- 
ation, but this was oxidised by potassium permanganate in acetone 
solution with formation of O-acetylsyringic acid (III). This result 


Cl 
es 
MeO MeO O OMe 


AcO, MeO 
MeO CO,H MeO /60°CH, 0H 
(III.) (IV.) Bz (V.) 


could be brought into line with Gatewood and Robinson’s view of 
the constitution of malvidin chloride only on the basis of the hypo- 
thesis that specimens of cenidin contain malvidin. A direct proof 
of the occurrence of the pyrogallol 1 : 3-dimethyl ether group in 
malvidin was furnished by Karrer and Widmer (loc. cit.), who 
obtained syringic acid by the fission of malvidin with 10% aqueous 
barium hydroxide and in other ways. These authors propose the 
name syringidin for delphinidin 3’: 5’-dimethyl ether, but as 
malvidin is pure syringidin we have retained the name given to the 
substance by its discoverers, especially since our synthetical material 
has been identified with the anthocyanidin from malvin chloride. 
We take this opportunity of thanking Professor P. Karrer for 
very kindly supplying specimens of malvin chloride and syringidin 
chloride which have greatly assisted us in this investigation. The 
methods that have been devised for the preparation of the benzoyl- 
carbinol derivatives required for the synthesis of other antho- 
cyanidins are not applicable to the intermediate for malvidin, chiefly 
because the Friedel-Crafts and analogous reactions applied to 
pyrogallol ethers lead to the formation of 4-acyl derivatives having 
the type of orientation characteristic of pyrogallolcearboxylic acid 
rather than of gallic acid. We therefore decided to seek a method 
of effecting the change R-CO,H —~> R-CO-CH,°OH which could be 
used when gallic acid or one of its derivatives was the point of 
departure. Direct halogenation of acetophenone derivatives could 
not be employed in this instance because of the ease with which the 
aromatic nucleus was attacked by the reagent and for one reason of 
another none of the more obvious methods could be utilised. 
However, an observation of Raper and Clutterbuck (Biochem. J., 
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1926, 20, 63), that hydroxyacetoacetic acid and acetol are among 
the products of oxidation of ethyl acetoacetate by hydrogen peroxide 
in the presence of alkalis, suggested an application to the pre- 
paration of benzoylcearbinols, and we developed our attack of this 
problem in this direction in the first instance. The action of 
hydrogen peroxide on ethyl 3 : 4 : 5-trimethoxybenzoylacetate and 
3:4: 5-trimethoxydibenzoylmethane in the presence of sodium 
hydroxide gave rise to substances which reduced Fehling’s solution 
in the cold, but use could not be made of the reaction as a method 
of preparing trimethoxybenzoylcarbinol. It was desirable to 
introduce a modification in which the use of aqueous solutions could 
be avoided and the hydroxyl group could be protected. 

These requirements are fulfilled by a method depending on the 
interaction of acyl peroxides and the sodium derivatives of 8-ketonic 
esters in benzene suspension. The reaction proceeds in accord- 
ance with the equation R-CO-CH°CO,Et}Na + X,(CO-0), = 
R:CO-CH(O-COX)-CO,Et + X°CO,}Na. Ethyl benzoylacetate and 
benzoyl peroxide gave, in this way, ethyl benzoylbenzoyloxyacetate, 
COPh-CH(O-COPh)-CO,Et (VI), in satisfactory yield; difficulties 
were, however, encountered in attempting the hydrolysis of this 
ester. Ultimately it was found that phenacyl benzoate, 

COPh:CH,-O-COPh, 
could be obtained from it by heating with water in a sealed tube at 
200°, but further degradation to benzoylcarbinol could only be 
accomplished in poor yield by means of boiling aqueous-alcoholic 
sulphuric acid. Zincke (Annalen, 1883, 216, 308) was unable to 
obtain benzoylearbinol by the hydrolysis of its benzoate. 

Similarly, the sodio-derivative of ethyl 3:4: 5-trimethoxy- 
benzoylacetate and benzoyl peroxide furnished ethyl 3:4 : 5-fri- 
methoxybenzoylbenzoyloxyacetate, C,H,(MeO),*CO-CH(O-COPh)-CO,Et 
(VII), and w-benzoyloxy-3 : 4: 5-trimethoxyacetophenone, 

C,H,(MeO),°CO-CH,°O-COPh (VIII), 
but the latter could neither be condensed with O-benzoyl- 
phloroglucinaldehyde to a flavylium salt nor hydrolysed to tri- 
methoxybenzoylearbinol. In view of the fact that the hydrolysis 
of phenacyl acetate presents little difficulty, we next substituted 
acetyl peroxide for benzoyl peroxide and thus obtained ethyl 
3:4: 5-trimethoxybenzoylacetoxyacetate, 
C,H,(MeO),°-CO-CH(OAc)-CO,Et (IX), 
and by direct hydrolysis with hot dilute sulphuric acid, 
3:4: 5-trimethoxybenzoylcarbinol (IV). 

This ketone condensed very readily with O-benzoylphloroglucin- 
aldehyde (Robertson and Robinson, J., 1927, 1710) to give 
3: 7-dihydroxy-5-benzoyloxy-3' : 4’ : 5'-trimethoxyflavylium — chloride 
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(V), which was converted by the successive action of cold aqueous 

sodium hydroxide and hydrochloric acid into delphinidin chloride 

3’: 4’ : 5’-trimethyl ether (X), a methyl ether of malvidin chloride 

(II). A comparison of the reactions of (X) with those of malvidin 
Cl 
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CH,Ph-O (XIV.) 
MeO )CO-CH,*CO,Et 


serves to confirm the view, first put forward by Heilbron, that a 
pure blue alkali-colour-reaction in theanthocyanin series is associated 
with a free hydroxyl group in position 4’. Since the partial 
hydrolysis of pyrogallol trimethyl ether and of gallic acid trimethyl 
ether affords pyrogallol 1: 3-dimethyl ether and syringic acid, 
respectively, we concluded that it might be possible to hydrolyse 
(X) to malvidin. A product having most of the properties of this 
anthocyanidin, and doubtless containing it in preponderating 
amount, was obtained from the trimethyl ether by the action of 
hydrogen bromide in acetic acid solution at 45—50°. This material 
was contaminated with delphinidin or, more probably, delphinidin 
3’-methyl ether, since it exhibited a ferric chloride reaction. By 
taking advantage of the sparing solubility of malvidin sulphate, a 
small pure specimen of the salt was isolated and this exhibited the 
colour reactions characteristic of the natural anthocyanidin. 

In any case, this synthesis suffers from the defect that it does not 
determine the constitution of the product, but merely limits it to 
one of two alternatives, and we therefore turned our attention to a 
method free from such ambiguity. 

O-Acetylsyringoyl chloride, Cg,H,(OAc)(OMe),*COC] (XI), and 
ethyl sodioacetoacetate gave rise to ethyl acetylsyringoylacetoacetate, 
C,H,(OAc)(OMe),*CO-CHAc-CO,Et (XII), and this on hydrolysis 
yielded ethyl syringoylacetate (XIII). These esters could not be 
transformed into acyloxy-derivatives. 

Ethyl O-benzylsyringoylacetate (XIV) was therefore prepared by 
condensing O-benzylsyringoyl chloride, CH,Ph-O-C,H,(OMe),*COC 
(XV), with ethyl sodioacetoacetate and hydrolysing the product, 
and this ester could be oxidised normally by means of benzoyl 
peroxide. The primary product could not be purified, but on 
hydrolysis it yielded w-benzoylory-4-benzyloxy-3 : 5-dimethoaxyaceto- 
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phenone, CH,Ph-O-C,H,(OMe),*CO-CH,-O-COPh (XVJ), which, how- 
ever, like other w-benzoyloxyacetophenone derivatives, did not 
condense readily with O-benzoylphloroglucinaldehyde to a flavylium 
salt. A small quantity of a by-product was once obtained in the 
course of the preparation of (XVI), and this was doubtless benzyl- 
syringoylearbinol, CH,Ph-O-C,H,(OMe),*CO-CH,-OH (XVII), since 
it reduced Fehling’s solution in the cold and condensed with 
0-benzoylphloroglucinaldehyde to a salt which, in the light of later 
experience, we regarded as benzoylmalvidin chloride. 

Under conditions similar to those which we were able to employ 
in the case of trimethoxybenzoylacetic ester the interaction of ethyl 
sodiobenzylsyringoylacetate and acetyl peroxide would without 
doubt proceed smoothly. These conditions, however, involve the 
handling of solid acetyl peroxide, which is capriciously and danger- 
ously explosive. At this stage one of us had an unpleasant 
experience, a quantity of the peroxide exploding with extreme 
violence without any apparent cause that can be recalled. When 
it was possible to resume these experiments the use of the crystallised 
reagent was barred, but unfortunately the employment of the crude 
peroxide in solution never gave entirely satisfactory results. These 
are described in the experimental section (p. 1558). 

Oxidation of ethyl benzylsyringoylacetate (XIV) by means of 
lead tetra-acetate in acetic acid solution gave ethyl di(benzylsyringoyl) 
succinate, [CH,Ph-O-C,H,(OMe),*CO-CH(CO,Et):], (XVIII), which 
was also obtained by the action of iodine on the potassium 
derivative of (XIV). 

Apart from the use of pure acetyl peroxide, these oxidation 
experiments gave us little hope of a successful outcome and we 
therefore turned our attention to a method developed by Nierenstein. 
According to this author the action of diazomethane on acid chlorides 
is to produce related «-chloro-ketones : 

R-COCI + CH,N, —> R-CO-CH,Cl + Ns. 
The interaction of diazomethane and benzylsyringoyl chloride (XV) 
in ethereal solution gave rise, however, to w-diazo-4-benzyloxy- 
3: 5-dimethoxyacetophenone, CH,Ph-O-C,H,(OMe),"CO-CHN, (XIX) 
inexcellent yield. When this was warmed with acetic acid, nitrogen 
was readily evolved and w-acetoxy-4-benzyloxy-3 : 5-dimethoxy- 
acetophenone (XX) was produced. 

Cl 
MeO 0 OMe 


CH,Ph-O HO < ou 
Me 10-CH,-OAc OH Yr. 
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We have recently shown that benzoyl chloride and diazomethane 
yield diazoacetophenone and our further work has confirmed the 
general character of the reaction, which has a wide scope as a 
synthetic method.* The condensation of O-benzoylphloroglucin. 
aldehyde with (XX) in cold ethyl acetate solution by means of 
hydrogen chloride yields benzoylmalvidin chloride (XXI), the 
acetoxy- and benzyloxy-groups being hydrolysed. The alkali. 
colour-reaction of this 5-benzoylmalvidin chloride closely resembles 
that of malvin chloride. De-benzoylation was effected by means 
of cold aqueous sodium hydroxide and subsequent treatment with 
hydrochloric acid reconstructed the pyrylium ring broken by the 
alkali. The product (II) had all the characteristic properties and 
reactions of malvidin chloride as described by Willstatter and 
Mieg (loc. cit.) and careful comparison with a specimen obtained by 
the hydrolysis of natural malvin chloride showed that the two were 
identical. 

Certain flavylium salts closely related to malvidin chloride have 
also been synthesised with the object of eliciting further evidence 
in regard to the constitution of malvin chloride. The results 
indicate that malvin is a malvidin 5- or 7-diglucoside, whereas 
Karrer and Widmer (Helv. Chim. Acta, 1927, 40, 729) consider it to 
be malvidin 3-diglucoside. If the methylation experiments of 
Karrer and Widmer may be interpreted in the manner suggested 
by Robertson and Robinson (this vol., p. 1463), the 7-diglucoside 
configuration can be excluded and malvin should be the 5-diglucoside 
of malvidin. 

Briefly our argument is that a free hydroxyl group not only in 
position 4’ but also in position 3 is essential for the exhibition of a 
pure greenish-blue alkali-colour-reaction in the malvidin series; 
3-des-hydroxymalvidin and malvidin 3-methyl ether give alkali- 
colour-reactions divergent from those of malvin, malvidin, and 
5-benzoylmalvidin. It might be objected that the effects of the 
methoxyl and diglucosidoxyl groups in position 3 on the colour 
reaction might be very different, but there is evidence that this is 


* (Added, June 9th.) Arndt, Histert, and Partale (Ber., 1927, 60, 1364) 
found that the interaction of o-nitrobenzoyl chloride and diazomethane gave 
a compound C,H,;0,N; which they suggested might be w-diazo-o-nitroaceto- 
phenone. Simultaneously with the present authors, Arndt and Amende 
(Ber., 1928, 61, 1222) showed that benzoyl chloride and diazomethane yield 
diazoacetophenone, and the German chemists also prepared diazoacetone and 
diazochloroacetone analogously. Arndt and his colleagues have been 
hampered by the effort to accommodate the contrary results of Dale and 
Nierenstein (Ber., 1927, 60, 1026) and this accounts for their provisional 
recognition of the substance C,H,0,N, as diazonitroacetophenons; it is clear, 
however, that they were the first to offer a correct interpretation of the 
reaction between an acid chloride and diazomethane. 
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not the case. In the first place the diglucosides have the same 
alkali-colour-reactions as the monoglucosides to which they give rise 
on step-wise hydrolysis. For instance, Willstatter and Bolton 
(Annalen, 1916, 412, 136) found that pelargonenin (pelargonidin 
monoglucoside) had almost the same reactions as pelargonin 
(pelargonidin diglucoside) ; chrysanthemin (cyanidin monoglucoside) 
and mecocyanin (cyanidin diglucoside) provide a further example. 
Secondly Robertson and Robinson have prepared pelargonidin 
methyl ether (J., 1927, 1715) and pelargonidin 3-glucoside (this 
vol., p. 1460), and the alkali-colour-reactions of these substances 
closely resemble one another. 

Ethyl O-benzylsyringoylacetate (XIV) was hydrolysed by means 
of water at 175—180° with formation of 4-benzyloxy-3 : 5-dimethoxy- 
acetophenone (XXII). This ketone condenses with O-benzoylphloro- 
glucinaldehyde in ethyl acetate solution in the presence of hydrogen 
chloride to produce what is apparently a mixture of the anticipated 
favylium salt with a de-benzylated derivative. On complete 
de-benzoylation and de-benzylation, pure 5:7 : 4’-trihydroxy- 
3: 5'-dimethoxyflavylium chloride (XXIII) was obtained. 
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0-Acetylsyringoy]l chloride reacted with ethyl sodio-«y-dimethoxy- 
acetoacetate (Pratt and Robinson, J., 1925, 127, 168) to form a 
product which on hydrolysis afforded 4-hydroxy-w :3 : 5-trimethoxy- 
acetophenone (XXIV). This ketone condensed normally with O-benz- 
oylphloroglucinaldehyde and hydrogen chloride to give 7 : 4’-di- 
hydroxy-5-benzoyloxy-3 : 3’ : 5'-trimethoxyflavylium chloride, and on 
debenzoylation 5:7: 4'-trihydroxy-3 : 3’ : 5’-trimethoxyflavylium 
chloride (X XV) could be isolated. 
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This malvidin 3-methyl ether is isomeric with hirsutidin, a new 
anthocyanidin obtained by Karrer and Widmer (Helv. Chim. Acta, 
1927, 10, 758) from the diglucosidic anthocyanin of Primula hirsuta. 
The presence of the syringic acid group in hirsutin was demonstrated 
by Karrer and Widmer and since the carbohydrate residues in 
malvin and hirsutin were supposed to be attached to position 3, 
these authors considered that hirsutidin must have one of the 
constitutions represented by (XXVI). The reactions of (XXY) 
show that it is not identical with hirsutidin and therefore from a 
different point of view we confirm the conclusions of Karrer and 
Widmer in regard to the constitution of this anthocyanidin. 


EXPERIMENTAL. 


Ethyl Benzoylbenzoyloxyacetate (V1).—The action of benzoyl 
peroxide (1 mol.) on ethyl sodioacetoacetate (1 mol.) gave rise to 
sodium benzoate (1 mol.) and an oil containing only a trace of ethy! 
acetoacetate. This was doubtless ethyl benzoyloxyacetoacetate, 
but as it did not crystallise the further investigation of the reaction 
was postponed. 

Benzoyl peroxide (12-1 g.; m. p. 106° with decomp.), dissolved 
in benzene (130 c.c.), was added in four portions at intervals of 10 
minutes to ethyl sodiobenzoylacetate (from 9-6 g. of the ester and 
1-15 g. of sodium powder) in ethereal suspension and solution at 0°. 
After a short time an aqueous extract of the ethereal solution was 
neutral and this indicated the completion of the reaction. The 
product was isolated by the addition of water and subsequent 
washing of the benzene solution (5-2 g. of benzoic acid were obtained 
on evaporation and acidification of the aqueous solutions), which 
was dried and evaporated. The residue crystallised in contact with 
light petroleum and the substance was twice recrystallised from the 
same solvent, forming rosettes of slender, colourless prisms, m. p. 
61° (Found : C, 69-1; H,5-0. C,gH,,0; requires C, 69-0; H, 5-0%). 

Ethyl benzoylbenzoyloxyacetate is readily soluble in cold methyl 
alcohol and benzene and sparingly soluble in light petroleum. It 
slowly reduces Fehling’s solution in the cold. Its alcoholic solution 
gives no coloration with ferric chloride, and no copper derivative 
could be isolated. Moreover the ester is considerably more difficult 
to hydrolyse to a related ketone than is ethyl benzoylacetate, 
neither acid nor alkaline catalysts being effective : the best process 
is the following. The crude substance (9 g.) was heated with water 
(9 c.c.) in a sealed tube at 200° for 2 hours. On cooling, the ail 
solidified; after being washed in ethereal solution with aqueous 
sodium carbonate, it crystallised from 95% alcohol in prisms, m. Pp. 
114—115°, identified as w-benzoyloxyacetophenone by comparison 
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with the product obtained from silver benzoate and w-bromoaceto- 
phenone. 

A mixture of w-benzoyloxyacetophenone (6 g.), sulphuric acid 
(10 g.), water (20 c.c.), and enough alcohol to give a clear solution 
was refluxed for 12 hours. From the product, benzoylcarbinol was 
isolated in unsatisfactory yield; it had m. p. 71—73° after crystal- 
lisation from aqueous alcohol and reduced Fehling’s solution in the 
cold. 

Ethyl 3: 4: 5-Trimethoxybenzoylacetate, 

C,H,(MeO),*CO-CH,°CO,Et. 
—This ester has been obtained by Perkin and Weizmann (J., 1906, 
89, 1655) and by Mauthner (J. pr. Chem., 1910, 82, 278). The 
following modification of Perkin and Weizmann’s method gave good 
results. 

Gallic acid (150 g., crystallised) gave 120—130 g. of the trimethyl 
ether, m. p. 163—164°, or 100—110 g. of material, m. p. 168° 
(Graebe and Martz, Annalen, 1905, 340, 219; Bogert and Isham, 
J, Amer. Chem. Soc., 1914, 36, 514). A solution of sodium ethoxide 
from 16-1 g. of sodium) in alcohol (270 c.c.) was prepared and 
135 c.c. of this were added to a mixture of ethyl acetoacetate (47-5 g.) 
and ether (280 c.c.) cooled in ice. When the temperature had 
fallen below 2°, a suspension of finely powdered 3 : 4 : 5-trimethoxy- 
benzoyl chloride (40 g. of distilled material, b. p. 183—185°/18 mm.., 
nu. p. 76—78°) in ether (100 c.c.) was added in three portions with 
vigorous shaking. After 1 hour, the reaction appeared to be finished 
and further quantities of the sodium ethoxide solution (65 c.c., 
33¢.¢., 17 c.c., remainder) and of trimethoxybenzoy] chloride (20-2 g., 
1-2 g., 5-1 g., and 5-0 g.) suspended in ether were added alternately 
and under the same conditions as before. After 12 hours, the 
precipitate was collected, washed with ether, and mixed with crushed 
ice, and the whole was acidified with dilute hydrochloric acid. The 
crystalline product (125 g.) was isolated by means of ether. It was 
hydrolysed in portions of 41 g. by mixing it with water (1000 c.c.) 
ad ammonium chloride (70 g.) and adding concentrated aqueous 
ammonia (175 c.c.). The clear yellow solution deposited ethyl 
3:4: 5-trimethoxybenzoylacetate, which crystallised from methyl 
ilcohol in colourless plates, m. p. 94—95° (total yield, 54 g.). 

Ethyl 3:4: 5-T'rimethoxybenzoylbenzoyloxyacetate (VII).—In the 
pteparation of this substance the use of potassium in place of sodium 
had a double advantage; the metal could be pulverised under 
benzene and the formation of the sodium derivative of the ester 
vas found to be very slow. Ethyl3:4:5-trimethoxybenzoylacetate 
(2 g.), dissolved in benzene (100 c.c.), was added to potassium 
powder (5-8 g.) and benzene (100 c.c.). A gentle reaction ensued 
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and the potassium derivative separated. After 15 minutes the seni. 
solid mass was heated on the steam-bath until the evolution of 
hydrogen ceased and then cooled in ice during the gradual addition 
of a solution of benzoyl peroxide (36 g.) in benzene (400 c.c.). When 
an aqueous extract was neutral in reaction, water was added, the 
benzene layer was washed and dried, and the solvent was removed, 
The pale yellow residue crystallised in contact with methyl alcohol 
and on recrystallisation from the same solvent formed colourless 
rhombs, m. p. 107° (Found: C, 62-8; H, 5-4. C,,H,.O, requires 
C, 62-7; H, 55%). The yield of material, m. p. 106—107°, was 
39 g., and a further quantity (5—6 g.) was obtained from the 
mother-liquors. 

The ester is readily soluble in most organic solvents and gives no 
coloration with alcoholic ferric chloride. It reduces Fehling’s 
solution on warming and dissolves in sulphuric acid to an orange. 
yellow solution. 

This ester is much more stable to hydrolysing agents than ethyl 
benzoylbenzoyloxyacetate (above). After heating with water at 
200° for 4 hours, unchanged substance, m. p. 105—107°, was 
recovered (Found: C, 62-6; H, 5-8%). Neither alkaline nor acid 
agents could be employed to effect the hydrolysis. 

«-Benzoyloxy-3 : 4 : 5-trimethoxyacetophenone (VIII).—A mixture 
of the foregoing ester (10 g.) and water (6 c.c.) was heated in a sealed 
tube at 200° for 14 hours. Oncooling, a little benzoic acid separated; 
the aqueous solution strongly reduced Fehling’s solution in the cold. 
The pale brown oil crystallised in contact with methyl alcohol. Aj 
solution of it in ether was washed with aqueous sodium carbonate, 
dried, and concentrated to 15—20c.c. The crystals that separated 
were recrystallised from methyl alcohol; faintly yellow parallele- 
pipeds, m. p. 988—100°, were obtained, and colourless needles, m. p. 
97—100°, from the mother-liquor. The mixture had m. p. 97—100’ 
and when the prisms were recrystallised the m. p. 98—100° was 
unchanged and again colourless needles separated from the mother- 
liquor (Found: C, 65-3; H, 5-2. C,,H,,0, requires C, 65:4; H, 
5-5%). The substance dissolves in sulphuric acid to a bright yellow 
solution. It does not reduce Fehling’s solution in the cold, but does 
so rapidly on heating. Hydrolysis of this substance by means of 
alkaline solutions yielded only benzoic and trimethoxybenzoic acids, 
and on treatment with aqueous-alcoholic sulphuric acid it (3 g.) gave 
only 0-1—0-2 g. of thecarbinol. Itisremarkable that w-benzoyloxy-# 


trimethoxyacetophenone exhibited scarcely any tendency to con 0's 


dense with O-benzoylphloroglucinaldehyde to a flavylium salt. 
Ethyl 3: 4 : 5-T'rimethoxybenzoylacetoxyacetate (IX).—Acetyl per 
oxide was prepared by the method of Clover and Richmond (Amer. 
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Chem. J., 1903, 29, 182); 40 g. of acetic anhydride gave 10—11 g., 
m. p. 27—29°. The instability of this substance renders it unsuit- 
able for general use in the absence of special precautions. 

Ethyl 3:4: 5-trimethoxybenzoylacetate (8-0 g.) was converted 
into its potassium derivative (1-1 g. of potassium powder) in benzene, 
and to this, cooled in ice, acetyl peroxide (3-2 g.) dissolved in a little 
benzene was added in one portion. The reaction was still incom- 
plete after 4 hours, and the mixture was heated at 30—40° for 1 hour; 
an aqueous extract then had a neutral reaction. Water was added 
and the benzene layer was washed, dried, and evaporated, leaving 
a residue which was crystallised from methyl alcohol. The yield 
was 4-5 g., m. p. 85—87°, and 3-5 g. of a somewhat less pure material 
were obtained from the mother-liquor. 

Ethyl trimethoxybenzoylacetoxyacetate is sparingly soluble in light 
petroleum but readily soluble in benzene and methyl alcohol, from 
which it crystallises in colourless prisms, m. p. 88° (Found : ©, 56-4; 
H, 5-7. CygH 0, requires C, 56-4; H, 5-9%). The reactions of 
fj the ester resemble those of the corresponding benzoyloxy-derivative, 
from which it is distinguished by its much more ready reduction of 
Fehling’s solution and by its capacity for hydrolysis to trimethoxy- 
benzoylearbinol. 

o-Hydroxy-3 : 4: 5-trimethoxyacetophenone (1V).—Ethyl _ tri- 
methoxybenzoylacetoxyacetate (2-2 g.) was hydrolysed by boiling 
.§10% sulphuric acid for 3 hours. A portion of the product (0-4 g.) 

separated on cooling and an equal amount was isolated by means of 
Wether. The keto-alcohol crystallised from benzene-light petroleum 
inlong, colourless needles, m. p. 87—88° (Found: C, 58-1; H, 6-7. 
(,,H,,0; requires C, 58-4; H, 6-2%). This substance is readily 
_Bwluble in alcohol and benzene and moderately readily soluble in 
water; cold Fehling’s solution is rapidly reduced. The diphenyl- 
‘Miydrazone of 3:4: 5-trimethoxyphenylglyoxal, obtained in dilute 
metic acid solution, crystallised from aqueous pyridine in stellate 
lusters of serrated, yellow plates, m. p. 137—138°. The carbinol 
tained as mentioned above from w-benzoyloxy-3: 4: 5-tri- 
methoxyacetophenone was identified by conversion into this 
Merivative. 

3:5: 7-Trihydroxy-3' : 4’ : 5'-trimethoxyflavylium Chloride (X).— 

solution of w-hydroxy-3: 4 : 5-trimethoxyacetophenone (0-77 g.) 
id O-benzoylphloroglucinaldehyde (0-87 g.) in absolute ether was 
fooled in melting ice and saturated with hydrogen chloride. After 
BP hours the product was isolated (0-44 g.) as a maroon powder 
thibiting a greenish-yellow lustre. The salt crystallised from 
queous-alcoholic hydrochloric acid in crimson needles; it was 
tadily soluble in methyl alcohol, less readily in ethyl alcohol, to 
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crimson solutions tinged with violet. On dilution, the pseudo-base 
was readily formed and the colour was restored by the addition of 
hydrochloric acid. 

When this dihydroxybenzoyloxytrimethoxyflavylium chloride 
(0:32 g.) was dissolved in cold 10% aqueous sodium hydroxide (3 c.c.), 
air being excluded by hydrogen, the violet solution became red and 
then deep orange. After 6 hours, a buff-coloured solid was precipitated 
by the addition of water and concentrated hydrochloric acid (2 c.c.) 
and on heating a crimson colour developed and soon the pyrylium 
salt separated in hair-like needles. This delphinidin chloride 
trimethyl ether crystallised from aqueous-alcoholic hydrochloric 
acid in deep red, elongated prisms (Found : C, 54-4; H, 4-8. Cale. 
for C,,H,,0,Cl,H,O : C, 54-2; H, 48%). 

In mass, this salt has a deep crimson-brown colour and a yellow 
lustre; it is readily soluble in alcohol and moderately readily 
soluble in dilute hydrochloric acid to bluish-red solutions. The red 
amyl-alcoholic extract from acid aqueous solutions becomes violet- 
red on the addition of sodium acetate, and the solution in aqueous 
sodium carbonate is strongly dichroic, being crimson in thick layers 
and bluish-violet in thin layers. 

Acetic acid (3 c.c.) was saturated with hydrogen bromide at 60° 
and cooled, and 3: 5: 7-trihydroxy-3’ : 4’ : 5’-trimethoxyflavylium 
chloride (0-1 g.) added; when the temperature was slowly raised 
to 45—50°, the salt dissolved completely to a clear red solution. 
The colour developed on the addition of a drop of the liquid to 
aqueous sodium carbonate was tested at frequent intervals and even 
after a few minutes the pure blue malvidin reaction was observed, 
After 10 minutes, the liquid was cooled and a portion crystallised; 
less satisfactory material was obtained on dilution of the mother- 
liquor with water. The purer fraction had many of the properties 
of a malvidin salt, but it gave a ferric chloride reaction and was 
therefore contaminated with delphinidin or more probably 4 
delphinidin monomethyl ether. It was dissolved in a little 0-5% 
hydrochloric acid, and 7° sulphuric acid added so as to give a 2% 
concentration of sulphuric acid; the process was repeated with the 
brown deposit obtained after a few hours’ keeping. A very small 
quantity of a sulphate giving a pure blue alkali-colour-reaction 
and a very weak ferric chloride reaction was thus isolated. This 
was undoubtedly crude malvidin sulphate, but the process was not 
satisfactory and a synthesis of a more precise nature was under- 
taken. The experience gained was, however, valuable, since it was 
learned that the methoxyl in position 4’ is preferentially attacked 
by acids. 

O-Acetylsyringoyl Chloride (X1)—The method for the preparation 
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of syringic acid indicated by Alimanchandi and Meldrum (J., 1920, 
117, 967) was not described in sufficient detail to permit of repeti- 
tion. The following conditions gave consistent results (yield, about 
30%). A solution of 3:4: 5-trimethoxybenzoic acid (23 g.) in 
9%s—98°% sulphuric acid (92 c.c.) was heated at 50° for 6 hours and 
then added to water (200 c.c.). The silky needles, m. p. 199—201°, 
obtained were recrystallised from water and then melted at 205° 
yield, 17 g.; methyl ester, m. p. 85°). Syringic acid was also 
prepared by the method of Bogert and Isham (J. Amer. Chem. Soc., 
1914, 36, 519) as improved by Bogert and Ehrlich (ibid., 1919, 41, 
798) and in this process we found it very important to use gallic 
acid trimethyl ether of m. p. not lower than 163—164°. 

Syringic acid may be acetylated by boiling with an excess of 
acetic anhydride for 4 hours, or in a shorter period of heating on the 
steam-bath if zinc chloride or pyridine is employed as a catalyst; 
the latter method gave a 92% yield of material of m. p. 186°. 
After several crystallisations from benzene the m. p. remained 
constant at 187° (Found: C, 54-8; H, 5-0. Cale. for C,,H,.0,: 
0, 55:0; H, 50%). Anderson and Nabenhauer (J. Amer. Chem. 
Soc., 1926, 48, 2997) give the m. p. 190°. 

The chloride was obtained by means of phosphorus pentachloride, 
acetyl chloride or benzene being used as a diluent. (1) O-Acetyl- 
syringic acid (12 g.) was covered with acetyl chloride (15 c.c.), and 
phosphorus pentachloride (12 g.) gradually added; the reaction was 
completed by gentle heating for 1 hour and, on keeping, the chloride 
aystallised in prisms. It was recrystallised from benzene-light 
petroleum, forming long, colourless prisms, m. p. 126° (Found: 
(, 51-2; H, 4-4. C,,H,,0,;Cl requires C, 51:1; H, 43%). The 
yield was 7 g. A further quantity (2 g.) was obtained from the 
mother-liquor. (2) The acid (50 g.) and phosphorus pentachloride 
(45 g.) in benzene (30 c.c.), heated in the steam-bath for only 10 
minutes, gave a crude product (33 g.), m. p. 114—120° (after one 
recrystallisation, the chloride had m. p. 121—123° and was suffi- 
ciently pure for most purposes), and a further 9 g. were obtained 
fom the mother-liquor. The reaction could also be carried out in 
the cold in 5 hours, about 4 times the volume of benzene here 
prescribed being used; the product, m. p. 123—124°, was purer, 
but the yield was smaller. 

Ethyl O-Acetylsyringoylacetoacetate (XII).—A solution (80 c.c.) of 
sodium methoxide (6-9 g. of sodium) in methyl! alcohol was prepared 
and half of it was added to a mixture of ethyl acetoacetate (19-5 g.) 
and ether (60 c.c.) cooled in ice. A suspension of powdered acetyl- 
sytingoyl chloride (19-5 g.) in ether (50 c.c.) was then introduced in 
three portions with vigorous shaking. Further additions of the 
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sodium methoxide solution (20 c.c., 10 ¢.c., 5 ¢.c., remainder) and 
of acetylsyringoy] chloride (9-75 g., 4-9 g., 2-45 g., 2-4 g.) were then 
made alternately. Next day the salts were collected, washed with 
ether, and added to ice-cold dilute hydrochloric acid ; the new ester 
was then precipitated and quickly crystallised. It was recrystallised 
from methyl alcohol (yield, 23 g.; m. p. 112—114°); the pure 
substance separated in glistening, colourless leaflets or elongated 
plates, m. p. 114° (Found: C, 58-3; H, 5-8. C,,H,,O, requires 
C, 58-0; H, 5-7%). The analysis does not exclude the possibility 
that the substance is ethyl syringoylacetoacetate (C,H, ,0, requires 
C, 58-1; H, 5-8%). It is soluble in aqueous sodium carbonate toa 
pale yellow solution, and a red coloration is developed on the addition 
of ferric chloride to its alcoholic solution. The substance described 
in the next section gives an abnormal ferric chloride reaction, 
probably on account of the presence of the phenolic hydroxy] in the 
benzene nucleus, and therefore the normal behaviour of the ester 
now under discussion is evidence in favour of the constitution (XII), 

Ethyl Syringoylacetate (XIII).—Finely powdered ethyl acetyl-§f 
syringoylacetoacetate (12 g.) was added to a mixture of water 
(250 c.c.), concentrated aqueous ammonia (15 c.c.), and ammonium 
chloride (20 g.). Within a few minutes, the ester dissolved to a 
yellow solution, from which a new substance quickly separated 
(an aqueous solution of this yielded ethyl syringoylacetate on 
acidification) ; after 30 minutes, the colourless solution was acidified, 
and the product collected (8-5 g.). The ester crystallised from methyl 
alcohol in slender, colourless prisms or rods, m. p. 92° (Found: 
C, 58:4; H, 6-0. C,,H,,0, requires C, 58-2; H, 6-0%). Again 
analysis does not exclude the formula C,;H,,0,. 

The substance crystallises from hot water in colourless prisms; 
it is moderately readily soluble in ether and very readily soluble in 
alcohol or benzene. It gives with ferric chloride in alcoholic solution 
a bright emerald-green coloration, which changes quickly through 
olive to brownish-red. The association of this curious reaction with 
the presence of the phenolic group was confirmed by the observation 
that Schotten—Baumann benzoylation of the ester furnished 4 
product that gave a crimson coloration with ferric chloride in 
alcoholic solution. The addition of copper acetate to an aqueous 
solution of the ester gave an insoluble brown copper salt, and this 
behaviour also is suggestive of the presence of afree phenolic hydroxy! 
group. 

Experiments on the acetoxylation of ethyl syringoylacetate and 
ethyl acetylsyringoylacetoacetate through the interaction of theif 
sodium salts with acetyl peroxide gave small quantities of reducing 
substances, but the yields were uniformly inadequate. 
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Mr. Leslie R. Ridgway, M.Sc., collaborated with us in the prep- 
aration of the derivatives of syringic acid described above. 

Methyl 4-Benzyloxy-3 : 5-dimethoxybenzoate (Methyl O-Benzyl- 
yringate), CH,Ph-O-C,H,(OMe),"CO,Me.—A solution of potassium 
hydroxide (11-2 g.) in methyl alcohol (100 c.c.) was added to one 
of methyl syringate (46 g.) and benzyl chloride (25-3 g.) in methyl 
alcohol (50 ¢.c.); the potassium salt crystallised. The mixture was 
boiled for 5 hours, the reaction then being neutral, and the filtered 
solution on cooling deposited elongated prisms (35 g.); a further 
quantity was obtained from the mother-liquor. The ester crystallised 
from 95°, alcohol (yield, 38 g.; m. p. 69—71°) in pointed, hexagonal 
prisms, m. p. 71° (Found: C, 67-3; H, 5-9. C,,H,,0; requires 
(, 67-5; H, 60%). It is readily soluble in most organic solvents ; 
its bright yellow solution in concentrated sulphuric acid changes 
rapidly through emerald-green to bluish-green. Attempts to 
prepare (XIV) by condensing this ester with ethyl acetate by means 
of sodium were not successful. 

.B 0-Benzylsyringic Acid and its Chloride (XV) and Amide.—(A) 
Benzyl chloride (6-3 g.) was added to a solution of syringic acid 
(6g.) in 10% aqueous sodium hydroxide (20 c.c.), and the mixture 
boiled until it became neutral; a further quantity (10 c.c.) of 10% 
sodium hydroxide was then added drop-wise. The isolated acids 
were separated by taking advantage of the more sparing solubility 
of the benzylated derivative in hot water; 4—4-5 g. of benzyl- 
yl sytingic acid, m. p. 140—150°, were obtained. Itis better to prepare 

:§ the acid by the hydrolysis of its methyl ester (above). 
inf’ (B) The solution obtained by heating a mixture of methyl 
0-benzylsyringate (96 g.) and 10% aqueous sodium hydroxide 
-8 (140 c.c.) for 2 hours on the steam-bath was cooled, diluted to 500 
cc, and acidified. The crude acid was crystallised from 95% alcohol 
(yield, 87 g.; m. p. 155—157°) and then from water or more dilute 
aqueous alcohol, forming slender, colourless prisms, m. p. 157° 
(Found: C, 66-7; H, 5-6. C,,H,,O; requires C, 66-6; H, 5-6%). 
A solution of the acid in sulphuric acid is bright yellow and soon 
becomes bluish-green. 

Graebe and Martz (Ber., 1903, 36, 217) describe the formation of 
sytingic acid from gallic acid trimethyl ether by the action of 
concentrated hydrochloric acid at 150°. Debenzylation of O-benzyl- 
syringic acid is much more facile, occurring to a large extent in 3 or 4 
minutes under the influence of boiling 20°% hydrochloric acid. 

Owing to this ease of debenzylation some difficulty was experienced 
in finding the conditions for the preparation of O-benzylsyringoyl 
tloride. Powdered phosphorus pentachloride (41-6 g.) was added 
during 30—40 minutes to a suspension of powdered O-benzyl- 
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syringic acid (57-6 g.) in benzene (200 c.c.) efficiently cooled by ice, 
The mixture was occasionally shaken during 4—5 hours and the solid 
had then passed into solution. Crushed ice was added to decompose 
the phosphoryl chloride and in sufficient amount to keep the mixture 
near 0°. The separated benzene layer was washed with ice-water, 
aqueous potassium bicarbonate, and ice-water and dried with 
calcium chloride, and the solvent was removed, finally under 
diminished pressure. The residual pale yellow oil crystallised to a 
nearly colourless mass (46 g.), m. p. 35—40°, sufficiently pure for 
many purposes. 

The chloride is readily soluble in most organic solvents and 
separates from light petroleum in colourless needles, m. p. 45° 
(Found: C, 62-9; H, 5-0. C,,H,,0,Cl requires C, 62-6; H, 4-9%). 

When an emulsion of the chloride (1 g.) and water was shaken with 
15°% aqueous ammonia (10 c.c.), the amide was at once precipitated. 
it crystallised from alcohol in colourless, elongated plates, m. p. 
152° (Found: C, 66-4; H, 5-9. C,gH,,0O,N requires C, 66-9; 
H, 6-0%). 

Ethyl O-Benzylsyringoylacetoacetate and Ethyl O-Benzylsyringoyl- 
acetate (XIV).—Sodium (9-2 g.) was dissolved in alcohol, and the 
solution made up to 150c.c. Half of the ethoxide was added toa 
mixture of ethyl acetoacetate (26 g.) and ether (50 c.c.) well cooled 
in ice. O-Benzylsyringoyl chloride (30-6 g.) in ether (50 c.c.) was 
then gradually introduced with shaking and continued cooling. 
After 1 hour the alternate addition of the sodium ethoxide solution 
(38 c.c., 19 c.c., 9-5 c.c., remainder) and of benzylsyringoy] chloride 
(15-3 g., 7-7 g., 3°8 g., 3-8 g.) in ether was commenced under con- 
ditions similar to those previously observed. After 12 hours, the 
mixed sodium salts were collected, washed with ether, and added to 
ice-cold, dilute hydrochloric acid in the presence of ether. The 
ethereal solution was dried and the solvent removed, leaving 4 
residue which solidified to an almost colourless mass (67 g.). After 
one crystallisation from methyl alcohol the m. p. was 74—84° and 
after three further crystallisations fine, colourless needles, m. p. 
97—102°, were obtained (Found: C, 65:9; H, 5-7. C,.H90, 
requires C, 66-0; H, 6-0%). The ester is readily soluble in benzene, 
chloroform and methyl alcohol and separates very slowly from its 
saturated solution in the last solvent; it is sparingly soluble in 
boiling light petroleum. An alcoholic solution develops a crimson 
coloration with ferric chloride, and the orange solution in sulphuric 
acid soon becomes crimson. The ester is soluble in aqueous sodium 
carbonate and is precipitated unchanged on acidification. 

Finely powdered ethyl O-benzylsyringoylacetoacetate (50 g.) was 
added to water (2000 c.c.), ammonium chloride (80 g.), and con- 
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centrated aqueous ammonia (200 c.c.). The solution became 
opalescent and deposited an oil; after 2 hours the original ester had 
passed into solution and the hydrolysed product had separated com- 
pletely from the clear liquid. The ester was crystallised from methyl 
alcohol (yield, 32 g.; m. p. 64—66°) and finally obtained in prisms, 
m. p. 67° (Found: C, 67-2; H, 6-0. OC. 9H,.0, requires C, 67-0; 
H, 62%). 

Ethyl O-benzylsyringoylacetate is readily soluble in methyl] alcohol 
and very readily soluble in benzene or chloroform; it is sparingly 
sluble in light petroleum and separates from this solvent in iri- 
descent plates. A crimson coloration is developed with alcoholic 
ferric chloride. 

Copper derivative. Under the usual conditions, many derivatives 
of ethyl benzoylacetate are difficult to transform into their copper 
salts, but we have found (compare J., 1926, 2364) that the derivatives 
are readily obtained by the interaction of the esters and copper 
acetate in pyridine solution. The copper derivative of ethyl benzyl- 
sringoylacetate prepared in this way and precipitated on the 
addition of water, crystallised from benzene in pale green needles, 
nm. p. 212° (Found : Cu, 8-3. OC, 9H,.0,,Cu requires Cu, 8-2%). 

o-Benzoyloxy-4-benzyloxy-3 : 5-dimethoxyacetophenone (XVI1).— 
Ethyl O-benzylsyringoylacetate (7-2 g.) was converted into its 
potassium salt by means of pulverised potassium (0-78 g.) in benzene 
suspension. The mixture was then cooled in ice during the addition 
of benzoyl peroxide (4-85 g.), dissolved in a little benzene. The 
reaction evidently proceeded smoothly, since the aqueous washings 
were neutral, and the product was a viscous, pale yellow oil, which 
gave only a very weak ferric chloride reaction and reduced Fehling’s 
swlution very readily on warming. It could not be crystallised and 
was therefore directly hydrolysed by heating with an equal volume 
of water in a sealed tube at 160—170° for 8 hours. The resulting 
oil was dissolved in benzene and washed with dilute aqueous sodium 
hydroxide. This dissolved about 30—40%, of the material, and the 
aid obtained on acidification was, rather unexpectedly, benzyl- 
syringic acid; no syringic acid could be isolated and only a small 
quantity of benzoic acid was present. The benzene solution was 
washed with water and dried, and the solvent removed, leaving an 
iil that partly crystallised and was allowed to remain in contact 
with porous porcelain. The substance crystallised from methyl 
ilcohol in slender, colourless prisms, m. p. 105° (Found: C, 70-6; 
H, 5-5. C,H,.0, requires C, 70-9; H, 55%). The ketone is 
readily soluble in benzene, sparingly soluble in the simple alcohols, 
ad very sparingly soluble in light petroleum. It appeared to 
tondense with O-benzoylphloroglucinaldehyde, although in a 
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sluggish fashion, and the behaviour of the substance in this and 
other respects was somewhat anomalous. 

In one experiment, the aqueous solution from the hydrolysis of 
the crude benzoyloxylated product deposited a crystalline substance, 
m. p. 87—89°, which reduced Fehling’s solution in the cold and 
condensed readily with O-benzoylphloroglucinaldehyde to a flavyi. 
ium salt. This substance was doubtless -hydroxy-4-benzyloxy. 
3 : 5-dimethoxyacetophenone (XVII), but the conditions for its 
preparation could not be ascertained. The flavylium salt (from 
0-08 g. of the carbinol) was debenzoylated in the usual manner and 
furnished a salt agreeing with malvidin in regard to the colour of 
acid solutions, the behaviour with ferric chloride, and the alkali- 
colour-reaction. 

Experiments on the action of acetyl peroxide in ethereal solution 
on the potassio-derivative of ethyl benzylsyringoylacetate were 
undertaken. An excess of barium peroxide was employed in the 
preparation of the ethereal solution, the concentration of which! 
(9-65 g. contained 1 g. of the peroxide) was estimated by combined 
iodometric and acidimetric methods; acetic anhydride was not 
present in significant proportion. Ethyl benzylsyringoylacetate 
(14-9 g.) was converted into its potassio-derivative under benzene 
and oxidised below 15° by means of the ethereal acetyl peroxide 
(55c.c.). The reaction proceeded normally, but the isolated product 
gave a ferric chloride reaction and therefore contained unchangel 
ester. This was removed in the form of its copper derivative by the 
pyridine-copper acetate method. The separated oil then gave no 
immediate ferric chloride reaction and rapidly reduced Fehling’s 
solution on warming. A crude benzoylearbinol derivative was 
obtained from this product by means of boiling 5% sulphuric acid 
(10 hours), together with a small quantity of a similar substance, 
m. p. 85—87°, that crystallised in colourless prisms from the aqueous 
solution. The main, more sparingly soluble, product could not be 
crystallised, but it condensed readily with O-benzoylphloroglucin- 
aldehyde in ethyl acetate solution in presence of hydrogen chloride, 
the dark red flavylium salt produced forming stout parallelopipeds 
having a marked yellowish-green lustre. This was debenzoylated 
and debenzylated, but although the salts at the various stages 
crystallised well, the reactions were not those of pure malvidin 
derivatives and indicated contamination with salts not containing 
a free hydroxyl group in position 3. 

Ethyl Di(O-benzylsyringoyl)succinate (XVIII).—(A) Powdered 
lead tetra-acetate (11-1 g.) (Dimroth and Schweitzer, Ber., 1923, 56, 
1375) was added in several small portions to a solution of ethyl 
benzylsyringoylacetate (9-0 g.) in acetic acid (20 c.c., previously 
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eystallised and drained) with cooling in ice. After 12 hours, water 
vas added, the product taken up in benzene and freed from acids by 
means Of aqueous sodium carbonate, and the solution dried. The 
ily residue after removal of the solvent contained unchanged ester, 
because it gave a ferric chloride reaction, and it probably contained 
the «-acetoxy-derivative, because it reduced Fehling’s solution; 
.B the substances responsible for these reactions were not isolated. 
The oil partly crystallised on keeping and, after draining on porous 
porcelain, the solid was recrystallised from methy] alcohol, forming 
fat, colourless prisms, m. p. 173—176° after softening at 168° 
(Found: C, 67-1, 67:3; H, 5-1, 5-5. CygHy,0,,. requires C, 67-4; 


i. H,5-7%). This ester is moderately readily soluble in benzene and 


chloroform and is sparingly soluble in methyl alcohol; it neither 
exhibits a ferric chloride reaction nor reduces Fehling’s solution 
even on heating. 

Conceivably the substance is C,9H,,0,, (C, 67-6; H, 5-4%), that 
is, ethyl di(benzylsyringoyl)fumarate (or maleate), and this hypo- 
thesis is certainly favoured by the absence of a ferric chloride 
raction. Subsequently we found that the action of lead tetra- 
aetate on the potassium derivative of theester in benzene suspension 
afforded the succinate (or fumarate) in improved yield. 

(B) Potassium (0-39 g.) was pulverised under benzene, and ethyl 
benzylsyringoylacetate (3-6 g.) introduced. When the formation 
of the metallic derivative was complete a benzene solution of iodine 
(3 g.) was added with cooling. The reaction was completed by 
heating on the steam-bath for 30 minutes. The product crystallised 
fom much methyl alcohol in flat, colourless prisms, m. p. 173—176°, 
wchanged by admixture with the specimen prepared by method (A). 

The fused ester has a yellow colour and its solution in sulphuric 
wid is red, All its properties are in good agreement with the 
“fumarate ” hypothesis, but the above method of preparation 
harmonises better with the view that the ester is a derivative of 


in. Mm succinic acid. 


o-Diazo-4-benzyloxy-3 : 5-dimethoxyacetophenone (X1X).—A solu- 
tion of benzylsyringoyl chloride (14-3 g.) in anhydrous ether was 
added during 5 minutes to an ethereal solution of diazomethane 
from 20 c.c. of nitrosomethylurethane; compare Houben—Weyl, 
“Die Methoden der Organischen Chemie,” 1923, 3, 124) previously 
distilled through an efficient column (45 cm.) and cooled to —10°. 
Amild evolution of nitrogen occurred and continued for 1—1} hours 
and crystallisation of the product commenced 10 minutes after the 
teagents were mixed. Next day the pale yellow solid was collected 
(34 g., m, p. 115—120° with decomp.) and a further quantity 
(1.25 g., m. p. 105—108°, recryst., m. p. 118—120°) was obtained 
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from the ethereal solution. The new substance crystallised with 
great ease from a variety of solvents; it separated from benzene- 
light petroleum in bright lemon-yellow, quadrilateral tablets or 
flat prisms, m. p. 122—123° (decomp.) (Found: C, 64-7, 65-4, 
65-5; H,5-2,4-8,4-8; N,8-8. C,,H,,0,N, requires C, 65-4; H, 5-2; 
N, 90%). 

This diazo-ketone is readily soluble in alcohol and benzene, spar. 
ingly soluble in ether, and very sparingly soluble in light petroleum. 
It was unchanged by boiling aqueous alcohol in a few minutes, but 
was rapidly decomposed by acids and by iodine in alcoholic solution 
with evolution of nitrogen. It gave no coloration with cold aleo. 
holic sodium hydroxide, but on warming a crimson solution was 
obtained ; «-diazoacetophenone exhibits this reaction in the cold 
(Wolff, Annalen, 1902, 325, 141). The thermal decomposition oj 
the substance occurs vigorously at 125° or at lower temperatures 
with impure specimens. In isoamy] ether the diazo-ketone appeared 
to be stable at 130°, but on the addition of porous porcelain, nitrogen 
was evolved and a sparingly soluble oil separated. The product of 
decomposition in a vacuum crystallised from light petroleum in 
bundles of colourless, flat prisms, m. p. 58—59°. 

The action of boiling dilute aqueous-alcoholic sulphuric acid on 
the diazo-ketone gave a compound that crystallised from light 
petroleum, containing a little benzene, in colourless needles, m. p. 
85—86°. The substance was soluble in hot water and crystallised 
on cooling; it rapidly reduced Fehling’s solution in the cold and 
was undoubtedly O-benzylsyringoylcarbinol (XVII). The diphenyl. 
hydrazone of the related phenylglyoxal derivative crystallised from 
aqueous pyridine in bright yellow, slender prisms, m. p. 131° after 
sintering at 110°. 

w-Acetoxy-4-benzyloxy-3 : 5-dimethoxyacetophenone (X X).—A mix- 
ture of the crude diazo-ketone (15 g., m. p. 115—120°) and acetic 
acid (30 c.c.) was heated at 60—70° until the evolution of nitrogen 
ceased and was then boiled for 2 minutes. Ether was added to 
the cooled liquid, and the acetic acid removed by washing with 
aqueous sodium carbonate; the washed and dried ethereal solution 
was then evaporated, and the residue extracted by means of boiling 
light petroleum. The first extracts readily deposited colourless 
crystals (5-7 g.), m. p. 58—60°, but the later extracts were con- 
taminated with a yellow oil and crystallised much more slowly; 
on keeping, however, crystals were obtained from these fractions 
also and had the m. p. 57—60° (8-0 g.). About 2 g. of a deep yellow 
material remained undissolved. The ketone crystallised from light 
petroleum in colourless, fibrous, prismatic needles, m. p. 60-5—6' 
(Found: C, 66:1; H, 5-7. CygH 90, requires C, 66-2; H, 5-9%): 
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It is freely soluble in alcohol, benzene, or chloroform and it is rapidly 
oxidised by warm Fehling’s solution. 

5-Benzoylmalvidin Chloride (XXI).—Hydrogen chloride was 
passed into a filtered solution of w-acetoxy-4-benzyloxy-3 : 5-di- 
methoxyacetophenone (2-2' g., m. p. 58—60°) and pure O-benzoyl- 
phloroglucinaldehyde (2-1 g., m. p. 196°) in ethyl acetate (40 c.c., 
distilled over phosphoric oxide) cooled to 0°. A colourless solid 
separated slowly during 1—1} hours, but this did not increase in 
amount and after 7 hours it was collected. The filtrate was kept 
saturated with hydrogen chloride and next day a dark red crystalline 
powder had separated (1-2—1-3g. Specimen A). A further quantity 
(061 g.) of less pure material separated on keeping for 48 hours. 
The salt crystallised from methyl alcohol-10% hydrochloric acid in 
well-formed, oblique, elongated prisms which were olive-green in 
mass and exhibited a strong golden lustre (Found in air-dried 
material : C, 56-1, 56-0; H, 4-1,4-0. C,,H,,0,Cl,2-5H,O requires 
(, 55:9; H, 46%). Benzoylmalvidin chloride is moderately 
readily soluble in methyl alcohol, more sparingly so in ethyl alcohol, 
to violet-red solutions which are readily decolorised on keeping or 
heating. ‘The salt dissolves in hot water to a colourless solution 
containing the pseudo-base and even the solution in 0-5% hydro- 
thloric acid is decolorised on boiling for a few minutes. The 
slution in hot 4% hydrochloric acid is stable and has a weak 
bluish-red colour. Aqueous sodium carbonate dissolves the salt to 
a pure deep blue solution, which becomes greener on dilution with 
water, and in alcoholic solution even the addition of sodium 
aetate gives a pure blue coloration. The ferric chloride reaction 
is negative and the violet-red solution in concentrated sulphuric 
aid does not exhibit fluorescence. 

Ina second experiment the acetoxy-ketone (3-45 g.) and O-benzoyl- 
phloroglucinaldehyde (3-25 g.) were condensed together in ethyl 
wetate (100 c.c.); after the solution had been saturated at 0°, the 
temperature was allowed to rise to that of the room. The colourless 
product (0-95 g.) that separated was collected after 5 hours and 
consisted of benzoylphloroglucinaldehyde. The filtrate was main- 
tained saturated for 12 hours and the benzoylmalvidin chloride 
separated in dark red, flat, quadrilateral prisms, which appeared 
dive-green in mass and had a striking golden-yellow lustre (yield, 
155 g.). Further quantities were obtained on keeping (24 hours, 
08g.; 48 hours, 0-1 g.; 96 hours, 0-15 g.) and the total yield was 
26g. (Specimen B). 

Malvidin Chloride (II).—Benzoylmalvidin chloride (1-0 g. of A) 
was dissolved in 10% aqueous sodium hydroxide (10 c.c.) and a 
-— hydrogen was used to exclude air and to agitate the 

F 
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mixture. The colour changed from deep blue to green and finally 
to orange. After 44 hours methyl alcohol (20 c.c.) and concentrated 
hydrochloric acid (4 c.c.) were added, giving a clear violet-red 
solution, which was heated on the steam-bath for 4 hour and kept 
over-night. A quantity (about 0-5 g.) of malvidin chloride crystal. 
lised in stout prisms possessing a marked steel-blue lustre when in 
contact with the solvent and appearing olive-green in mass (Specimen 
C). About 0-2 g. of less pure material was obtained from the 
mother-liquor on the addition of 10% hydrochloric acid. 

A second specimen of the salt was prepared from benzoylmalvidin 
chloride (2-55 g. of B) by hydrolysis with 10% aqueous sodium 
hydroxide (20 c.c.) for 5 hours. Regeneration of the pyrylium salt 
was effected by means of concentrated hydrochloric acid (6-5 c.c.) 
and ethyl alcohol (20 c.c.); a portion of the malvidin chloride 
crystallised during the } hour period of heating on the steam-bath. 
The appearance of the product resembled that of C; it was collected 
after 12 hours and washed with aqueous-alcoholic hydrochloric acid 
and ether (yield,0-9g.). The substance was recrystallised by solution 
in a boiling mixture of ethy! alcohol (4 vols. ; more than 400 c.c. were 
required) and 10% hydrochloric acid (1 vol.) and addition of hot 
10% hydrochloric acid (3 vols.) to the filtered solution. The 
malvidin chloride (Specimen D) was deposited in small, flat, rhombic 
prisms or tablets which appeared red by transmitted light and had 
a green lustre in mass when dry or a steel-blue lustre when in 
contact with the solvent (Found in air-dried material: C, 53-0, 
53-4; H, 3-7, 4-1; MeO, 15-8; loss at 110° in a high vacuum, 41. 
Cale. for C,-H,,0,Cl,H,O0: C, 53-0; H, 3-9; 2MeO, 16-1; H,0, 
4-7). The anhydrous salt was extremely hygroscopic and absorbed 
water from the air during weighing; hence the somewhat low value 
found for loss at 110° ina high vacuum. Every statement made by 
Willstatter and Mieg (loc. cit.) from “‘ Bei 300° ist die Substanz” 
(p. 132) to “ rotbraunen Nddelchen aus.” (end of p. 133) in regard to 
the properties of malvidin chloride was confirmed with the synthet- 
ical specimens in detail (the solubility in 7% sulphuric acid was not, 
however, quantitatively determined). In addition, Specimen C was 
directly compared with malvidin chloride obtained by the hydrolysis 
of the malvin chloride so kindly sent to us by Professor Karrer. 
This material had a chocolate-brown colour and exhibited a strong 
tendency to crystallise in slender needles. It dissolved in methy! 
alcohol and immediately crystallised again, as described by Will: 
statter and Mieg. This product was easily soluble in 0-01% hydro- 
chloric acid and when warmed with 0-5—1% hydrochloric acid 
it also dissolved, but crystallised from the hot solution in highly 
characteristic, very small, hair-like needles which were very spa! 
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ingly soluble in cold 0-01% hydrochloric acid. This whole process 
had to be repeated twice in order to obtain a completely homo- 
geneous crystallisation from the dilute hydrochloric acid. (C) 
behaved in the same way ; it dissolved in methy] alcohol, and a blood- 
red crystalline powder, violet by transmitted light, soon separated. 
The material had the same bright reflex, resembling that of iron 
pyrites, as the natural specimen and, like it, consisted of obliquely 
cut, elongated prisms. On treatment with 0:5°% hydrochloric acid 
it also dissolved and on heating crystallised again in needles, rather 
larger than those from the natural specimen. After several repeti- 
tions, the product was very sparingly soluble in cold 0-01°% hydro- 
chloric acid and its solubility in 0-5% hydrochloric acid at 55° was 
found (colorimetric comparison) to be within 5% of that of the 
specimen of natural origin. The synthetical specimen was a shade 
the more sparingly soluble of the two. 

The solubility of malvidin chloride in cold, very dilute hydro- 
chloric acid is entirely a question of crystalline form. Most speci- 
mens dissolve very easily in 0-01% hydrochloric acid and even in 
(1°, acid to brownish-red solutions, which are possibly hydrolysed 
and possibly colloidal; the test with 0-01°% hydrochloric acid is an 
extraordinarily stringent one and will succeed only with material 
which has been prepared as described above and found to be micro- 
scopically homogeneous. If any indefinitely crystallised aggregates 
are present, the 0-01% hydrochloric acid will dissolve them. The 
colour of alcoholic solutions at various stages of dilution and on the 
addition of hydrochloric acid, sodium acetate, and sodium carbonate, 
the rates of pseudo-base formation and oxidation by hydrogen 
peroxide, and the extent of recovery of the salt from the pseudo- 
base were directly quantitatively compared and found to be com- 
pletely identical in the case of the naturaland the synthetic specimen. 

The only remaining point to be cleared up was the difficulty that 
we had never observed, nor had other authors described, the crystal- 
lisation of malvidin chloride in rhombic plates as recorded above. 
We attributed this to the exceptional purity of the synthesised salt 
and accordingly attempted the purification of the anthocyanidin. 
After separation from methyl] alcohol, the picrate was prepared and 
crystallised from a methyl-alcoholic solution of picric acid. The 
recovered chloride was again crystallised from methyl alcohol and 
afterwards from a mixture of ethyl alcohol and 10% hydrochloric 
acid under the conditions mentioned above. At first, prismatic 
needles separated; a second crystallisation gave clusters of rather 
indefinite prisms, and a third crystallisation with slow cooling gave 
thombic prisms, not quite so clear-cut as those of the Specimen D 
but obviously of the same crystalline habit. It was very interesting 
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to note the appearance of the steel-blue lustre of the crystals in 
suspension in the solvent and the green reflex of the dried salt. 
The solubility of (D) in hot aqueous alcoholic hydrochloric acid was 
greatly increased on the addition of a trace of peonidin chloride. 
The salt separated in indefinite clusters of jagged prisms and the 
mother-liquor deposited, on evaporation in the air, very slender 
needles exactly like those of natural malvidin chloride. We do not 
suggest that the impurity in natural malvidin is necessarily peonidin 
(although malvidin may contaminate peonidin), but undoubtedly 
malvidin chloride from natural sources does contain some persistent 
impurity that modifies its habit of crystallisation. This impurity 
does not give a ferric chloride reaction, and this fact points to 
peonidin. Both peonidin chloride and malvidin chloride have been 
obtained synthetically in a well-defined prismatic form exhibiting 
a characteristic lustre; on the other hand, the anthocyanidins from 
natural sources are usually chocolate-brown and devoid of marked 
lustre. Mixtures of the synthetic malvidin with a little synthetic 
peonidin or of the synthetic peonidin with a little synthetic malvidin 
also tend to crystallise in forms which when dried are almost lustre. 
less and chocolate-brown. 

4-Benzyloxy-3 : 5-dimethoxyacetophenone (XXII) and 4-Hydroxy- 
3 : 5-dimethoxyacetophenone.—The hydrolysis of ethyl O-benzyl- 
syringoylacetate by means of 5% or 10% aqueous sulphuric acid 
did not proceed satisfactorily, but the acetophenone derivative 
could be readily obtained under the following conditions. Ethyl 
benzylsyringoylacetate (12 g.) was heated with water (10 c.c.) ina 
sealed tube at 175—180° for 10 hours. The product was taken up in 
benzene, the extract washed with aqueous sodium hydroxide and 
water and dried, and the solvent removed, leaving a crystalline mass 
(9 g., m. p. 5|0—59°). The ketone crystallised from light petroleum 
in colourless, slender prisms, m. p. 60—61° (Found : C, 71-3; H, 6:3. 
C,,H,,0, requires C, 71:3; H, 6-3%); it is readily soluble in other 
organic solvents. The orange solution in sulphuric acid slowly 
became greenish-brown on keeping. The semicarbazone crystallised 
from aqueous alcohol in platelets, m. p. 166°. The 2 : 4-dinitro- 
phenylhydrazone was prepared in dilute alcoholic solution and crystal- 
lised from benzene—alcohol in scarlet, prismatic needles, m. p. 
192—193°. 

The ketone (5-3 g.) was debenzylated during 7 hours by means of 
a cold saturated solution of hydrogen bromide in acetic acid (18 c.¢.). 
4-Hydroxy-3 : 5-dimethoxyacetophenone crystallised from light petrol- 
eum in colourless, slender prisms, m. p. 117° (yield, 1-9 g.) (Found: 
C, 61-1; H, 6-2. C, 9H,,.0, requires C, 61-2; H, 6:2%). The 
substance was soluble in aqueous sodium carbonate solution and 
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gave a precipitate of a sparingly soluble sodium salt when triturated 
with 15% aqueous sodium hydroxide. Its solution in sulphuric acid 
was yellow, and ferric chloride added to an alcoholic solution 
developed a weak bluish-green coloration. On treatment with 
benzyl chloride and potassium hydroxide in boiling aqueous 
methyl-alcoholic solution, the original ketone, m. p. 60—61°, was 
regenerated. Attempts to obtain this substance directly from the 
accessible pyrogallol 1 : 3-dimethyl ether were unsuccessfully made 
by Mr. L. R. Ridgway. The phenol did not react with acetonitrile 
under the conditions of the Hoesch synthesis. A solution of the 
phenol (6 g.) and acetyl chloride in carbon disulphide was treated 
with anhydrous ferric chloride and kept in the cold for 16 hours. 
21 G. of a substance, crystallising from benzene-light petroleum 
in shining leaflets, m. p. 110° (phenylhydrazone, m. p. 106—107°), 
and insoluble in aqueous sodium carbonate, were obtained. These 
data show that the product of this reaction was 3-acetoxy-2 : 4-di- 
methoxyacetophenone (compare Brand and Collischonn, J. pr. 
Chem., 1922, 103, 338). Even if the hydroxyl group were not first 
acetylated, it is doubtful whether the acetyl group would enter the 
desired position para to hydroxyl, since Levine (J. Amer. Chem. Soc., 
1926, 48, 797, 2719) has shown thatthe bromination and chlorination 
of pyrogallol 1 : 3-dimethyl ether occur in position 4. The reaction 
was carried out in a neutral solvent and the result may be attributed 
to the absence of active anions and the consequent relative immunity 
of the proton of the hydroxyl group. In such circumstances, the 
directive power of hydroxy] relative to that of methoxy] is greatly 
diminished. Chlorination of benzyloxydimethoxyacetophenone 
occurred readily, but the halogen atom appeared to enter the nucleus 
preferentially. The most advantageous method of preparation of 
isonitroso-4-benzyloxy-3 : 5-dimethoxyacetophenone, 
CH,Ph-O-C,H,(OMe),-CO-CH:NOH, 

was found to be the following : Ethyl alcohol (4 g.) was added to a 
suspension of pulverised sodium (1-2 g.) in dry ether (70 c.c.), and 
when the formation of the ethoxide was complete the mixture was 
cooled in ice and benzyloxydimethoxyacetophenone (10 g.) and 
freshly distilled isoamy] nitrite (6-1 g.) were successively introduced, 
the latter in small portions during 1 hour. The amount of the 
yellow sodium salt that separated increased during several days and 
after 5 days the solid was collected, washed with ether, and dis- 
solved in water. The crude isonitroso-derivative was obtained by 
acidification with acetic acid and freed from 1-5 g. of benzylsyringic 
acid by washing its solution in benzene with aqueous sodium car- 
bonate. The derivative (yield, 6-0 g.) crystallised from light 
petroleum, containing a little chloroform, in canary-yellow, flat 
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prisms, m. p. 107—108° (Found: N, 4:8. C,,H,,0;N requires 
N, 4:5%). The substance has the usual properties of its class and 
forms an oxime that crystallises from aqueous alcohol in colourless, 
slender, flat prisms, m. p. 141—142°. A dilute solution of this 
dioxime in 50° aqueous ethyl alcohol gave orange-red and reddish. 
brown precipitates on the addition of aqueous nickel and cobalt 
acetates, respectively. 

5:7:4'-Trihydroxy-3' : 5'-dimethoxyflavylium Chloride (X XIII).— 
A stream of dry hydrogen chloride was passed through an ice-cold 
solution of 4-benzyloxy-3 : 5-dimethoxyacetophenone (3-0 g.) and 
O-benzoylphloroglucinaldehyde (4-0 g.) in dry ethyl acetate (70 c.c.) 
for 10 hours. The reddish-bronze crystals were then isolated 
(4:3 g.); they possessed a marked greenish-yellow lustre. This 
substance, which was very probably a mixture, was debenzoylated 
by means of 10° aqueous sodium hydroxide (passage of hydrogen) 
in 6 hours. The reddish-orange alkaline liquid was then mixed 
with methyl alcohol and concentrated hydrochloric acid, and the 
flavylium salt regenerated by heating on the steam-bath for } hour. 
The crude salt was crystallised from methyl alcohol containing 
hydrogen chloride and then from alcohol and a few drops of con- 
centrated hydrochloric acid. This material was next fully debenz- 
ylated, whereby the facility with which the substance crystallised 
was greatly increased; the crystalline habit was modified, but there 
was no great change in the colour reactions. The salt (0-47 g.) 
was dissolved in acetic acid (50 c.c.), and hydrogen chloride passed 
in, first at 15°, and then at 65—70° for 2 hours. Crystals remained 
in suspension and these together with a crop obtained on cooling 
were recrystallised, first from ethyl alcohol and a few drops of hydro- 
chloric acid and then from methyl alcohol containing a little hydro- 
chloric acid. The homogeneous product consisted of slender, 
pointed, hexagonal prisms, reddish-brown in colour and exhibiting 
a greenish-yellow lustre when rubbed, m. p. 280° (Found : C, 55:2, 
553; H, 4:4, 4:5; Cl, 93. C,,H,,;0,Cl,H,O requires C, 55-4; 
H, 4:6; Cl, 9-6%). 

5:7:4'-Trihydroxy-3' : 5'-dimethoxyflavylium chloride is very 
sparingly soluble in cold water to a yellow solution, but readily 
soluble in hot water to a deep brownish-red solution (basic salt); 
it is very sparingly soluble in hot dilute hydrochloric acid. The 
brownish-red solution in methyl alcohol has a faint violet nuance 
and the colour is not discharged by dilution or by heating. — In this 
respect, the salt exemplifies the rule that pseudo-base formation of 
a hydroxyflavylium salt that can give a colour-base is associated 
with the occurrence of the groups OH or OR in position 3. The 
dichroic solution in aqueous sodium carbonate is reddish-violet and 
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the colour remains unchanged on the addition of alcohol. The 
colour in aqueous sodium hydroxide is also reddish-violet, but 
changes through deep red to orange and yellow. Sodium acetate 
added to a methyl-alcoholic solution develops a reddish-violet 
coloration and the solution appears bluish-purple in thin layers. 

4-Hydroxy-w : 3 : 5-trimethoxyacetophenone (X XIV).—Ethyl wy-di- 
methoxyacetoacetate (12-0 g.) (Pratt and Robinson, J., 1925, 127, 
168) was added to a suspension of sodium powder (1-45 g.) in anhy- 
drous ether (100 c.c.), and when the formation of the sodio-derivative 
was complete powdered acetylsyringoyl chloride (15-5 g.) was added 
in one portion. Next day the mixture was refluxed for 4 hours. 
The product crystallised in sheaves of colourless plates and gave a 
deep red coloration with alcoholic ferric chloride. 

This intermediate was mixed with water (100 c.c.), and a solution 
of potassium hydroxide (16-5 g.) in water (25 c.c.) introduced at 
intervals during 2 days. The deep orange solution was then boiled 
for 4 hours; on cooling, a sparingly soluble yellow potassium salt 
separated and more of this was obtained by the addition of potassium 
hydroxide (20 g.) in water (15 c.c.) to the filtrate. The derivative 
was collected on a sintered glass filter, washed with 20%, potassium 
hydroxide, and added to an excess of dilute hydrochloric acid. The 
ketone quickly solidified (yield, 1-4 g.) and then crystallised from 
light petroleum in colourless, elongated prisms, m. p. 90° (Found : 
C,58-4; H,6-0. C,,H,,0; requires C, 58-4; H,6-2%). 4-Hydroxy- 
o:3: 5-trimethoxyacetophenone is readily soluble in most organic 
solvents, and forms yellow solutions in dilute aqueous alkalis. A 
weak green coloration (similar to that given by «-chloroaceto- 
vanillone) is produced by alcoholic ferric chloride. 

5:7:4'-Trihydroxy-3 : 3’ : 5'-trimethoxyflavylium Chloride (Malvi- 
din Chloride 3-Methyl Ether) (XXV).—5-Benzoyl derivative. An 
ice-cold solution of 4-hydroxy-w :3 : 5-trimethoxyacetophenone 
(1:05 g.) and O-benzoylphloroglucinaldehyde (2-0 g.) in dry ethyl 
acetate (35 c.c.) was saturated with hydrogen chloride for 10 hours. 
Next day the dark violet oxonium salt was collected (2-1 g.); it 
crystallised from methyl alcohol, containing a little 8°/, hydrochloric 
acid, in glistening rhombs, deep red by transmitted light, olive-green 
by reflected light, and possessing a bright yellow lustre (Found : 
C, 57-6, 57-4. C,;H,,0,Cl,2H,O requires C, 57-7%). 

The salt dissolved readily in hot water to a red solution that 
rapidly became colourless; the colour was quickly and completely 
restored on the addition of hydrochloric acid. In cold 0-5% hydro- 
chloric acid a pale red solution was obtained, but hot 8% hydro- 
chloric acid was only coloured pink. The red solution in methyl 
alcohol had a violet tinge and was decolorised on dilution with more 
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methylalcohol. The powdered salt was coloured blue by moderately 
concentrated aqueous sodium carbonate, but not dissolved; on the 
addition of methyl alcohol a blue solution resulted and this was 
greener than the corresponding solution of the de-benzoylated salt 
(below). . Similarly the violet colour obtained by the addition of 
solid sodium acetate to a solution of the salt in methyl alcohol was 
slightly bluer than that given by the malvidin 3-methyl ether under 
the same conditions. 

De-benzoylation. A stream of hydrogen was passed through 
ice-cold 10° aqueous sodium hydroxide (20 c.c.), and the crude 
benzoyl! derivative (2-0 g.) stirred into the solution... The purplish- 
blue colour persisted for 45—50 minutes and subsequently changed 
through olive-green to deep orange. After 6 hours, methyl alcohol 
(20 c.c.) and concentrated hydrochloric acid (6 c.c.) were added, 
the clear red solution was heated to incipient ebullition for 30 minutes 
and kept for 12 hours, and the flavylium salt was then precipitated 
by means of concentrated hydrochloric acid. It was collected and 
twice separated as an amorphous violet-brown powder from hot 3%, 
hydrochloric acid. Crystallisation from methyl alcohol under a 
variety of conditions was unsuccessfully attempted, but the salt 
crystallised easily from ethyl alcohol, containing a few drops of 
concentrated hydrochloric acid, as a dark violet powder having a 
bright yellow reflex and consisting of slender prisms that appeared 
deep red by transmitted light (Found in air-dried material : C, 55-7, 
55-7; H, 5-2, 5-4. C,,H,,0,Cl,}H,O requires C, 55-5; H, 4-9%). 
This malvidin chloride methyl ether is much more readily soluble 
in water and dilute hydrochloric acid than its benzoyl derivative 
or malvidin chloride; in cold water the solution has a blood-red 
colour and is decolorised on keeping, if sufficiently dilute. The cold 
saturated solution in 3% hydrochloric acid is deep red and even in 
hot 8% hydrochloric acid the salt is moderately readily soluble, but 
separates almost completely on cooling. It is readily soluble in 
methyl] alcohol, but sparingly so in ethyl alcohol, and the colour of 
the acid alcoholic solutions resembles that of malvidin. The ease 
of pseudo-base formation in alcoholic solution is greater than with 
malvidin and the colour is immediately and fully restored on 
acidification. An alcoholic solution added to much water gives a 
solution of the damson colour-base, from which the pseudo-base is 
formed at a measurable rate. The solutions in aqueous sodium 
carbonate and aqueous sodium hydroxide are purplish-blue and 
change very little on the addition of alcohol; the colorations are 
redder than those characteristic of malvin or malvidin under the 


same conditions. 
The colorations produced by the addition of sodium acetate to 
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solutions of the salt are violet, and bluer in methyl] alcohol than in 
water. Addition of aqueous sodium acetate to a concentrated 
methyl-alcoholic solution precipitates the violet colour-base, 
insoluble in water but immediately soluble in dilute hydrochloric 
acid to a red solution. 


We desire to thank the Royal Society for a grant which has 
defrayed a part of the cost of this investigation. 


THE UNIVERSITY, MANCHESTER. [ Received, May 3rd, 1928.] 


CCIV.—The Constitution of Phenolphthalein. Part I. 
Preparation of Some Compounds of the Phthalein 


T ype. 


By Haxon Lounp. 


THE constitutions of phenolphthalein and its coloured derivatives 
have been thoroughly discussed by many chemists and different 
theories have been put forward to explain the intense colour of the 
salts of phenolphthalein and similar compounds. Friedlander 
(Ber., 1893, 26, 173) was the first to suggest the usually accepted 
theory that one of the phenol groups is transformed into a quinonoid 
group when phenolphthalein reacts with one or two molecules of 
alkali : 


HO-C,H,°C-C,H < 0°C,H,:C-C,H,°O 

Cte d ailig ed an? ak 
s**\C0-0 F 
The discussion has, however, not yet led to any conclusive result. 
The latest work * dealing with the constitution of phenolphthalein 
and related substances is that of Birge and Acree (J. Amer. Chem. Soc., 
1919, 44, 1031, where reference is given to a series of preceding 
papers), who have presented a “‘ quinone phenolate ” theory for the 
coloured compounds in the phthalein series. In this paper, they 
promise an extensive investigation which, unfortunately, seems to 
have been interrupted. Some of the experiments there suggested 
will be dealt with in the present investigation, although from another 
point of view. 

The purpose of this investigation is to examine a series of 
phthalein compounds in regard to their physico-chemical properties. 
It is hoped that it will be possible to bring the halochromism of these 

* When this communication was submitted for publication the author had 
no knowledge of the papers by Thiel and his co-workers (Sitzungsber. Ges. 


Beférd. gesamt. Naturwiss. Marburg, 1927, 62, 471). Their results will be 
discussed in a future paper. 
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compounds into close relationship with that of the common tripheny]- 
carbinol derivatives, some of which were studied a few years ago 
(Dissert., Copenhagen, 1926. See also J. Amer. Chem. Soc., 1927, 
49, 1346). The theoretical treatment of the subject will, however, 
be given in a subsequent paper. Here only the preparation of a 
number of new phthaleins and some of their purely chemical 
properties will be described. 

In order to examine the influence of the carboxyl group 4-carboxy- 
2’: 4':6':2": 4" : 6’ -hexamethoxytriphenylearbinyl acetate (II) was 
prepared by condensing terephthalaldehydic acid (1 mol.) with phloro- 
glucinol trimethyl ether ( 2 mols.) by means of hydrogen chloride and 
oxidising the product, 2’: 4’ : 6’: 2” : 4” : 6” -hexamethoxytriphenyl- 
methane-4-carboxylic acid (1), in glacial acetic acid solution with lead 
tetra-acetate. The perchlorate also was prepared ; the carbinol-acid 
itself and its anhydride were too unstable to be isolated. 

, CO.H CO,H OAc 

)  ,H,-CH[C,H,(OMe),], C,H, -C[C,H,(OMe),], 

In the attempt to prepare the corresponding o-phthalic derivative 
in a similar way, 2’: 4’ : 6’-trimethoxyphenylphthalide (III) was 
obtained, the condensation taking place between only one molecule 
each of phloroglucinol trimethyl ether and o-phthalaldehydic acid. 
Phloroglucinolphthalein hexamethyl ether (IV) had to be made from 
phthalyl chloride, anhydrous zine chloride being used as a con- 
densing agent; it is colourless in neutral solution, whereas (II) is 
strongly coloured even when it is neutralised with one molecule of 
sodium hydroxide. 

“ CH CoHal OMe), — Wee a(OMe)s], 

.) c, IV. 

6 So 6Hy< “as (IV.) 


(II.) 


C[C,H;(OMe),], 
Resorcinolphthalein tetramethyl ether, CoHi< OO (V), 


was prepared in order to compare it with phenolphthalein dimethy! 
ether and (IV) in regard to their behaviour towards bases and acids. 
Phenolphthalein dimethyl ether dissolved in alcoholic potassium 
hydroxide, forming the compound C,H,(CO,K)-C(OH)(C,H,-OMe), ; 
this remained in solution when water was added, provided that 
excess of alkali was present. Compound (V) also dissolved, forming 
an analogous salt; but on dilution with water this salt slowly split 
off potassium hydroxide and (V) was precipitated quantitatively. 
Compound (IV) did not react at all with potassium hydroxide: 
1 mol. was boiled for an hour with 30 mols. of potassium hydroxide 
in the minimum quantity of aleohol necessary for dissolving the 
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compound ; on cooling, however, a portion of the original compound 
crystallised, and the remainder was immediately precipitated on 
dilution with water. 

Towards acids the three compounds behave similarly to the 
non-carboxylated, methoxy-substituted triphenylearbinols: with 
increasing number of methoxy-groups the tendency to form coloured 
salts with acids increases. For instance, phenolphthalein dimethyl 
ether is only slightly coloured in concentrated hydrochloric acid, 
whereas the hexamethoxy-compound (IV) is strongly coloured in 10% 
hydrochloric acid. The great difference in absolute “ basicity” of 
similarly substituted compounds of the two classes will be discussed 
in a subsequent paper. 

During the work with the polymethoxylated triphenylcarbinols, 
it was observed that compounds containing two phloroglucinol 
trimethyl ether groups were very unstable in the presence of acids. 
The same proved to be the case with the compound (IV). In order 
to check the constitution of this compound it was intended to reduce 
it to the corresponding phthalin. Usually the best reducing agent 
for the polymethoxylated triphenylearbinols is a solution of hydro- 
chloric acid in alcohol. The compound (IV) dissolved in this 
medium, forming a strongly coloured solution which gradually lost 
its colour exactly as was to be expected. But no odour of acet- 
aldehyde could be detected, and the compound which crystallised 
was an acid with an equivalent weight of about 320 instead of 468. 
The reaction proved to be a splitting of the molecule : 


(IV) + H,O —> CO,H’C,H,-COR + RH, 
where R, denotes 2 : 4 : 6-trimethoxyphenyl. 

When the compound (IV) was heated for a short time with a 
mixture of glacial acetic acid and concentrated hydrochloric acid, 
the reaction proceeded still farther : 

(IV) + 2H,O —~> C,H,(CO,H), + 2RH. 
The phloroglucinol trimethyl ether could be recovered practically 
quantitatively, and the phthalic acid was identified through the 
fluorescein test. 

Finally, unsymmetrical phthaleins of the type 

CR’C,H,°OH 
CoHi< >0 (V1), 
CO 


where R is 4-methoxypheny]l, 2 : 4-dimethoxypheny], or 2 : 4 : 6-tri- 
uethoxyphenyl, were prepared. 4’-Hydroxy-o-benzoylbenzoic acid 
was condensed with phenolic ethers by means of an agent which 
appears not to have been applied before, viz., a solution of con- 
centrated sulphuric acid in anhydrous ethyl ether. This mixture 
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has to only a small extent the splitting effect upon these compounds 
which makes hydrogen chloride, aluminium chloride, and stannic 
chloride unsuitable for this condensation. 

Phenolphthalein monomethyl ether (VI; R = 4-methoxypheny]) 
was described by Meyer and Spengler (Ber., 1905, 38, 1328) as being 
intensely red in alkaline solution. Later Green and King (Ber., 
1907, 40, 3729) showed that this colour was due to the presence of 
some phenolphthalein. They drew the conclusion that an alkaline 
solution of the pure monomethy] ether would be colourless, since the 
red colour became weaker and weaker by repeated crystallisations. 
Actually, however, it is yellow, and the colour fades slowly, as does 
that of all the phenolphthaleins, in the presence of a large excess of 
alkali. 

A fact which has hitherto been overlooked is that this compound 
only crystallises with solvent of crystallisation, e.g., one half 
molecule of toluene. After the solvent has been removed by heating, 
the molten mass solidifies to a glass-like substance which can be kept 
for months without crystallising. When, however, it is covered with 
a solvent such as alcohol, benzene, or toluene, crystallisation sets in 
after a few minutes and the whole mass is soon transformed into loose 
crystals. The different melting points reported in the literature, 
therefore, are of very limited value, because the temperature at 
which the compound becomes liquid depends on the solvent used 
and on the rate of heating. 

Phenolphthalein monomethy] ether is insoluble in sodium carbon- 
ate solution, but gives a yellow solution in dilute aqueous sodium 


hydroxide—a fact which furnishes a method of purification. | 


Resorcinolphenolphthalein 2' : 4'-dimethyl ether (V1) forms a yellow 
solution in sodium carbonate; and phloroglucinolphenolphthalein 
2’: 4’ : 6’-trimethyl ether is soluble with an intense yellowish-brown 
colour in secondary sodium phosphate solution, where the hydroxyl- 
ion concentration is much smaller. This shows that the phenolic 
hydrogen becomes more acidic with increasing substitution of 
methoxy-groups in the other benzene ring. This phenomenon will 
be more thoroughly discussed in a future paper. 


EXPERIMENTAL. 

2’: 4°: 6’: 2": 4” : 6-Hexamethoxytriphenylmethane-4-carboxylic 
Acid (1).—Into a solution of phloroglucinol trimethyl ether (2 g.) and 
terephthalaldehydic acid (0-9 g.) in absolute alcohol (35 c.c.) hydrogen 
chloride was passed until crystallisation began. After an hour the 
crystals were collected (2-25 g.; yield, 80%) and recrystallised from 
alcohol and from toluene; m. p. 258—260° (corr.) (Found: ¢, 
66-4; H, 5-9; equiv., by titration, 470. C,gH,,.O, requires C, 666; 
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H, 60%; equiv., 468). This colourless compound is soluble in 
acetone and acetic acid and slightly soluble in alcohol. 

4-Carboxy-2' : 4’ : 6’ : 2": 4" : 6"-hexamethoxytriphenylcarbinyl 
Acetate (II).—The preceding compound (1 g.) and lead tetra-acetate 
(1 g.) were left in glacial acetic acid at 50° for 4 hours and at room 
temperature over-night. 4-63 C.c. of N-sulphuriec acid in glacial 
acetic acid were then added and the filtered solution was evaporated 
under reduced pressure at about 45°. The residue was twice 
dissolved in chloroform and precipitated with anhydrous ether, 
vielding 0-45 g. of a violet-black powder with a bronze lustre (Found : 
(, 63-7; H, 5-8. C.gH,,0,) requires C, 63-85; H, 5°75%). The 
acetate is soluble in acetone, acetic acid and chloroform and slightly 
soluble in ether and water. In all solvents except ether it dissolves 
with a very intense violet colour. When the colourless ethereal 
solution is shaken with water, this slowly becomes coloured. 

The perchlorate, prepared from perchloric acid and the acetate in 
chloroform-ether solution, crystallises in violet leaflets with an 
intense metallic lustre. It decomposes violently when heated. For 
analysis the compound was oxidised with acid potassium perman- 
ganate, and the perchloric acid then reduced by means of titanous 
sulphate (Rothmund, Z. anorg. Chem., 1909, 62, 108) (Fourid: Cl, 
61. CygH,,0,,Cl requires Cl, 6-3%). 

2’: 4’ : 6’-Trinethoxyphenylphthalide (I11).—Hydrogen chloride 
was passed into a solution of phloroglucinol trimethyl ether (1-1 g.) 
and o-phthalaldehydic acid (0-5 g.) in absolute alcohol (15 c.c.); 
colourless crystals were soon deposited. The product (1-1 g.) was 
collected after 12 hours and recrystallised from alcohol and from 
# toluene; m. p. 200° (corr.) (Found: C, 67-9; H, 5-4. C,,H,,0; 
requires C, 68-0; H, 5-4%). The production of the phthalide is in 
agreement with the facts that alcoholic hydrogen chloride splits off 
one molecule of phloroglucinol trimethyl ether from the compound 
(IV) and that benzhydrol-o-carboxylic acids very readily lose water, 
yielding phthalides. 

Phloroglucinolphthalein Hexamethyl Ether (1V).—A solution of 
phthalyl chloride (2 g.) and phloroglucinol trimethyl ether (3-3 g.) 
in absolute ether containing freshly fused zinc chloride (about 8 g.) 
was shaken during 15 minutes. The slightly coloured ethereal layer 
was then poured off, the violet residue decomposed by water, and the 
solid separated. After being washed with water, ground with excess 
of potassium hydroxide solution, again washed, and dried (yield, 4-2 
g.), it was recrystallised from alcohol and from toluene; it was then 
colourless and melted at 175—176° (corr.) (Found: C, 66-8; H, 
57. CygH,,0, requires C, 66-9; H, 5-6%). It forms a violet 
‘olution in dilute hydrochloric acid. 
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The phthalein (IV), dissolved in hot alcohol, was treated with 
concentrated hydrochloric acid, and when the violet colour had been 
discharged the solution was evaporated to a small volume, treated 
with an excess of aqueous potassium hydroxide to hydrolyse the 
ester formed, and acidified. 2’: 4’ : 6’-T'rimethoxybenzoyl-o-benzoic 
acid was precipitated; after recrystallisation from water and from 
toluene, it melted at 184—185° (corr.) (Found: C, 64-4; H, 5-0; 
equiv., 320. C,,H,,0, requires C, 64-5; H, 5-1%; equiv., 316). 

The phthalein (0-5 g.), dissolved in 5 c.c. of glacial acetic acid, was 
boiled with 1 c.c. of hydrochloric acid for a few minutes until the 
violet colour had disappeared. Addition of water then precipitated 
phloroglucinol trimethyl ether (0-31 g.; cale., 0-36 g.). The filtrate 
contained phthalic acid. 

Resorcinolphthalein T etramethyl Ether (V).—This compound, which 
could not be prepared from phthaly] chloride and resorcinol dimethy| 
ether, was made in the following way: A solution of 2’ : 4’-dimeth- 
oxybenzoyl-o-benzoic acid (3 g.) in hot resorcinol dimethyl ether 
(3 g.) was cooled and treated with a cold solution of 10 c.c. of con- 
centrated sulphuric acid in 20 c.c. of anhydrous ether. The mixture 
was poured into 300 c.c. of cold water, the ether expelled by heating 
on the steam-bath, and the water decanted from the viscous reaction 
product. This, after being freed from the excess of resorcinol 
dimethyl ether by steam-distillation, solidified on cooling (yield, 4-1 
g.) and was then recrystallised from alcohol and from toluene; it 
crystallised very slowly (Found: C, 70-8; H, 5-4. C,,H,,0, 
requires C, 70-9; H, 5-5°%). This colourless compound, m. p. 153° 
(corr.), is soluble without colour in acetone, acetic acid and hot 
alcohol. In 20% hydrochloric acid it dissolves with a reddish-violet 
colour. 

Phenolphthalein Monomethyl Ether (VI; R = C,gH,-OMe).—(1) 
Phenolphthalein (1 mol.) was treated with methyl sulphate (1 mol.), 
and the crude product was dissolved in ether and repeatedly shaken 
with sodium carbonate solution, until this remained colourless 
(about 15 times). The monomethyl ether was now extracted 
from the ethereal solution by means of N-sodium hydroxide, 
recovered by acidification, and crystallised from benzene and from 
toluene. 

(2) 4’-Methoxybenzoyl-o-benzoic acid (3 g.) and phenol (3 g.) 
were fused together and cooled, a solution of concentrated sulphuric 
acid (12 c.c.) in anhydrous ether (12 c.c.) added, and the mixture 
poured into cold water. The purification was as described above, 
but three washings with sodium carbonate were sufficient to remove 
unchanged acid and the trace of phenolphthalein formed. The 
yield of monomethy] ether was 3-1 g. (80%). 
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A specimen recrystallised from toluene, when dried at 130° in a 
current of air under diminished pressure, lost 12-2°% in weight (calc. 
for } molecule of toluene of crystallisation, 12-3%). 

Resorcinolphenolphthalein 2':4'-Dimethyl Ether [VI; R= 
C,H;(OMe),].—4’-Hydroxybenzoyl-o-benzoic acid (2 g.) was 
dissolved with cooling in 10 c.c. of concentrated sulphuric acid and 
added slowly to a solution of resorcinol dimethyl ether (1-5 g.) in 20 
c.c. of anhydrous ether, and the whole was poured into water. The 
mixture was then extracted with ether. The ethereal solution was 
washed twice with potassium bicarbonate solution, whereby the 
unchanged acid, if any, was removed. Two extractions with 50 c.c. 
of N-sodium hydroxide brought the phthalein into aqueous solution. 
This was freed from ether by warming on the steam-bath, cooled, 
and acidified. After recrystallisation from alcohol the phthalein 
melted at 220° (corr.). For combustion it was recrystallised from 
toluene (Found: C, 73:2; H, 4:9. C,.H,,0; requires C, 72-9; 
H, 5-0%). 


Phloroglucinolphenolphthalein 2':4':6'-Trimethyl Ether [VI; 


R = C,H,(OMe),].—This was prepared from 1-4 g. of phloroglucinol 
trimethyl ether and 2 g. of the ketonic acid in the same way as the 
previously described compound. Yield, 1:15 g.; m. p. 200° (corr.) 
(Found: C, 70:2; H, 5:2. C.3H 90, requires C, 70-4; H, 51%). 


In this case an equilibrium seems to be established, ketonic 
acid + phenolic ether — phthalein + water, which is displaced 
towards the left side with increasing sulphuric acid concentration. 
A certain amount of acid, however, has to be present in order to 
bring about the condensation. After several experiments the 
proportion indicated (10 c.c. of acid to 20 c.c. of ether) was found to 
be the most advantageous in this case. 

The phthalein is soluble in sodium carbonate and hydroxide 
solutions with an intense brownish-yellow colour which is much less 
readily discharged by excess of alkali than that of the two preceding 
compounds. The similar colour of a solution in secondary sodium 
phosphate, however, disappears when a little primary phosphate 


solution is added. 


The author desires to express his gratitude to Professor Einar 


Biilmann for his kind interest in this work. 


UNIVERSITY OF COPENHAGEN. [Received, March 2nd, 1928.] 


HILDITCH AND LEA: A QUANTITATIVE STUDY OF 


CCV.—A Quantitative Study of the Oxidation of Methyl 
Oleate and LElaidate by Hydrogen Peroxide in 
Presence of Acetic Acid. 


By Tuomas Percy Hizprron and Contin Henry Lea. 


BOESEKEN (Rec. trav. chim., 1926, 45, 842; 1927, 46, 622) has 
recently stated that perbenzoic and peracetic acids convert 
ethylenic groupings into dihydroxylated or glycol residues, but that 
the mode of action differs with each reagent: perbenzoic acid 
almost invariably causes the initial production of an oxido- or 


glycide derivative, viele Nevis whereas peracetic acid and the 


ethylenic grouping unite to yield the monoacetyl derivative of a 
glycol : 


-CH:CH- + CH,-CO,-OH —-> -CH(OH)-CH(OAc)-. 


We have observed (J., 1927, 3114) that treatment of an acetic acid 
solution of unsaturated glycerides with hydrogen peroxide produced 
glycerides, not only of dihydroxystearic acid, but also of the latter 
in a monoacetylated form. 

As we had in mind the possibility of employing the hydrogen per- 
oxide-acetic acid oxidation as an aid in the study of glyceride con- 
stitution, we considered it desirable to make a more thorough 
examination of the analogous oxidation of methyl oleate and 
elaidate, which leads ultimately to the formation of the isomeric 
9 : 10-dihydroxystearic acids melting respectively at 95° and 132° 
(Hilditch, J., 1926, 1828). 

In order to detect any oxido-compounds present we have followed 
the procedure of Steger and van Loon (Rec. trav. chim., 1927, 46, 
706), who have shown that oxido-methyl esters are hydrolysed by 
alcoholic potash in the cold without alteration of the oxido-ring 
system. The acids thus obtained from the original oxidation product 
were submitted to systematic fractional crystallisation from ether at 
0°, which led to the separation of a very large proportion of the solid 
acids. In every instance the products obtained by us melted, with- 
out purification, within a few degrees of the melting points of the 
respective dihydroxystearic acids, and far above those of the oxido- 
stearic acids (Table IT). 

We are therefore convinced that no oxido-compounds result from 
these oxidations whether carried out at the ordinary temperature or 
at 95°, but there is, at the same time, definite evidence of the 
concurrent formation of three types of oxidation product varying 
in amount according to the temperature of oxidation :— 
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(i) Simple dihydroxystearic esters are produced in appreciable 
quantities, especially at the lower temperature. They separated 
from the oxidation mixture as a crystalline deposit and. were 
isolated by crystallisation from acetone at 0°. The yields obtained 
represent minimum values, since it is quite probable that a small 
quantity of the dihydroxystearic ester remains behind in the 
nother-liquor. 

(ii) Acetylated dihydroxystearic esters are only produced to the 
extent of about 50% of the total product at room temperature, but 
in much larger amount as the temperature is increased. The 
percentage of acetic acid combined in the original oxidised ester was 
determined, and hence was calculated the total amount of mono- 
acetylated dihydroxystearic ester present, since we concur with 
Béeseken (loc. cit.) in regarding the formation of partially acetylated 
derivatives as largely due to the direct addition of peracetic acid to 
the double bond. (We may state here that the presence of per- 
acetic acid in the reaction mixture was evidenced in all cases by the 
characteristic odour; also, the opinion that oxidation proceeds by 
way of peracetic acid is reinforced by our observations that the 
presence of ferrous or manganous salts markedly retards, instead of 
accelerating, the oxidation of the unsaturated esters—compounds 
which tend to reduce peracetic acid restrain the conversion into 
dihydroxystearic derivatives. Further, although methyl dihydroxy- 
stearate is acetylated to some extent when heated at 95° for 4 hours 
with acetic acid of the net concentration present in the oxidations, 
this action is by no means sufficient to account for the observed 
acetyl content of the oxidation products.) 

(iii) An oily product is also formed—like the dihydroxy-ester, in 
greater amount at lower temperatures. It has all the properties 
characteristic of an unsaturated fatty oil or ester which has been 
exposed to atmospheric oxidation, and in our opinion is largely made 
up of a compound in which molecular oxygen is held very loosely in 
direct combination with the unsaturated system. It instantly 
liberates iodine from acidified potassium iodide solution and on 

heating to about 100° under reduced pressure froths violently and 
§ evolves small quantities of acrid vapour with an acid reaction and the 
well-known accompanying odour of fatty acids of medium molecular 
weight. It differs from the ordinary air-oxidised fatty oil in one 
respect, namely, that after heat treatment in a vacuum (which also 
destroys its activity towards acidified iodide solution) it definitely 
increases in iodine absorption, i.e., a certain proportion of ethylenic 
compound is regenerated ; we are not aware that this early stage of 
oxygen attachment has yet been observed in the case of air-oxidised 
films of unsaturated fats. 
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After hydrolysis of the original product, followed by removal of 
as much dihydroxystearic acid as possible by solution in ether and 
subsequent heating at 100° under reduced pressure to remove acetic 
acid, the oily substance shows no reaction to acid potassium iodide 
solution and has an apparent saponification equivalent of the order 
of 220—245; ultimate analysis gave figures in agreement with the 
addition of two atoms of oxygen per ethylenic linkage [Found : ( 
68-4; H, 10-6. Calc. for C,,H3(0,)*CO,H: C, 68-8; H, 10-89%, 
Cale. for C,,H,,(OH).,CO,H: C, 68-4; H, 11-4%]. In this 
condition, the material closely resembled in its apparent equivalent 
and general properties the “ neutral oxidised ester ”’ obtained by 
E. F. Armstrong and one of us (J. Soc. Chem. Ind., 1925, 44, 44n) 
as the first stage in the oxidation of methyl oleate by potassium 
permanganate in acetone solution. It is within our knowledge that 
a very similar substance results when oleic acid is ‘‘ blown,” iz, 
heated in a current of oxygen at about 130—140°; a decline in the 
rate of absorption of oxygen sets in when about one molecule of the 
latter has been absorbed per molecule of oleic acid, and the product 
is a viscid liquid which has an apparently low equivalent, but 
contains little or no dihydroxystearic acid, and does not break down 
to any great extent into the normal scission products of disruptive 
oxidation when submitted to the action of alcoholic alkali. 

The formation of this oily residual material in the present instance 
is therefore most probably conditioned by the relatively slow 
introduction into the oleate or elaidate molecule of molecular 
oxygen (produced in situ by slow decomposition of some of the 
hydrogen peroxide) in the form of a very unstable molecular or 


ce ° 9 -. J On : . . A . . 
peroxide ’’ complex, ~CH--CH- Its isolation is of some interest 


from the standpoint of the investigation of ‘“‘ drying ”’ oils, a subject 
which is, however, too remote from our present theme for further 
discussion here. 

The results may be summed up by saying that, in addition to the 
last-mentioned compound (which is definitely not a dihydroxy- 
stearic acid), oxidation of methyl oleate by hydrogen peroxide in 
acetic acid leads by two different processes to the exclusive pro- 
duction of derivatives of the same dihydroxystearic acid, m. p. 95°: 
whereas that of methyl elaidate similarly yields exclusively deriv- 
atives of the isomeric form, m. p. 132°. Since Béeseken and Belin- 
fante (Rec. trav. chim., 1926, 45, 917), using perbenzoic acid, have 
obtained similar end-products from oleic and elaidic esters, it is 
clear that whether oxidation proceeds via an oxido-compound (per- 
benzoic acid) or not (hydrogen peroxide in acetic acid) oleates yiell 
the dihydroxy-acid, m. p. 95°, and elaidates give rise to the isomeride, 
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m. p. 132°. These facts are difficult to reconcile with the view of 
these workers that inversion takes place during hydration in an 
acidic medium of the oxido-compound, subsequent to the actual 
oxidation. They appear rather to afford further cumulative 
evidence for the view expressed by one of us (J., 1926, 1828) that 
the acid of m. p. 95°, for example, is produced without intramolecular 
rearrangement by the oxidation of oleic acid, so that the formation 
of the isomeric acid of m. p. 132° by alkaline permanganate oxidation 
of oleic acid must involve an inversion. 

This opinion, which is in apparent conflict with the generalis- 
ations of Lapworth and Mottram (Mem. Manchester Lit. Phil. Soc., 
1927, 71, 63), has also been criticised by Béeseken and Belinfante 
(loc. cit.) on the grounds that oxidation by permanganate does not 
normally involve any change of configuration. The latter objection 
rather misses the point of the suggestion made in the earlier com- 
munication, namely (Joc. cit., p. 1830) that ‘‘ inversion ’’ takes place 
during oxidation in an alkaline medium. In order to obtain good 
yields of dihydroxystearic acid by oxidation of sodium oleate by 
aqueous permanganate, it is imperative to employ a marked excess 
of alkali: Lapworth and Mottram (J., 1925, 127, 1628) recommend 
the use of equal weights of sodium hydroxide and oleic acid, ‘.e., 
about seven times the amount of the former necessary to neutralise 
the oleic acid. We have had many opportunities from time to time 
with various acids of the oleic series to confirm the necessity for this 
precaution, and find that the use of a comparatively slight (e.g., 
twofold or less) excess causes the production of indefinite and some- 
times only semi-solid products. Marked alkaline conditions are, 
then, essential for the quantitative production of dihydroxystearic 
acid (m. p. 132°) from oleic acid, or the corresponding (m. p. 95°) 
acid from elaidic acid. 

On the other hand, the opposite isomerides (m. p. 95° from oleic 
acid and m. p. 132° from elaidic acid) have been exclusively produced 
by six distinct processes, namely, oxidation via the oxido-esters 
(perbenzoic acid), the direct formation of dihydroxystearic esters 
and the production of monoacetylated dihydroxystearic esters 
(present communication), and the three older methods referred to 
in the previous paper (J., 1926, 1831). 

Hence, until rigorous experimental proof to the contrary is 
available, it appears reasonable to suppose that the dihydroxy- 
stearic acid which is formed by so wide a variety of methods is the 
one more nearly related to the monoethylenic acid from which it 
emanates. 
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EXPERIMENTAL. 


The methyl oleate and methyl elaidate employed in these experi. 
ments were carefully purified specimens prepared as described in the 
previous communication (J., 1926, pp. 1833, 1834). The same 
procedure was applied in general to each oxidation, and the experi- 
mental data can consequently be presented to a certain extent ina 
summarised form (Table I). 

Oxidation of the Unsaturated Esters.—(i) At atmospheric temper. 
ature. The ester (20 g.) was mixed with glacial acetic acid (200 c.c.), 
and a solution of 35% perhydrol (26-5 c.c.) added; the solution 
remained homogeneous and was set aside for 3 days; further per- 
hydrol (13-5 c.c.) was then added, and the mixture left for a further 
7 days at room temperature. 

(ii) At higher temperatures. A similar solution in acetic acid was 
placed in a conical beaker immersed in a water-bath which was 
maintained at 75—80° or 95° in different experiments. Perhydrol 
(20 c.c.) was added at the commencement, with a further addition of 
20 c.c. after 2 hours, after which the mixture was maintained hot for 
several hours. 

At the conclusion of the oxidation, the cooled solution was poured 
into a cold 7°%% aqueous ammonia solution (ca. 1000 c.c.) with 
vigorous stirring, after which the product was extracted as rapidly 
as possible by means of ether. After thorough washing with dilute 
ammonia and then with water, the oxidised products were recovered 
from the ether and usually dried finally by heating at 100° ina 
vacuum for a short time. This procedure led to the regeneration of 
a certain proportion of unsaturated ester as described on p. 1577, and 
it was necessary, in order to determine the degree of unsaturation of 
the oxidised material, to dry the ethereal solution over anhydrous 
sodium sulphate and remove the last traces of solvent under 
reduced pressure at as low a temperature as possible. 

The changes accompanying the increase in iodine value on heating 
under reduced pressure included the evolution of small quantities 
of vapour which possessed an acrid odour and an acid reaction 
to litmus paper, but which did not attack starch-iodide paper 
(absence of peracetic acid); the consequent loss in weight was small. 

In order to eliminate the possibility of error through retention of 
hydrogen peroxide by the ester, a “blank ” oxidation was carried 
out on a specimen of methyl] palmitate with the following results :— 

Iodine Starch-iodide 
value. test. 


Original ester 0-5 — 
After oxidation, dried at 40° for 7 minutes in vacuo 0-6 Slight +ve. 
After oxidation, dried at 100° for 2 hours in vacuo... 0-9 Negative. 


TABLE I. 


Onidditas. af wethall’ alonte iid clatdek FOR AA uc. 8 s, 


1581 


*s10480-AxoipAy 943 Jo uo138]44008 guonbesqns Aq 
psonpoad aq osye Avur 19480 paye[Ayooerp aurog = -yonpoad Apto ey} ut pourezar proe-AxoapAyrp 03 4avd ut onp Ajqeqoad st 4toyop eu, » 


8823 63 ST éZI—0ZI 8-FI S-931—9ET $99 TL z8 TOI—00I a | 
6-016 LE 9 €ZI—ZET 9ZI— GET G-0¢ oF a 66 —86 GS 
- 18 —6L 7 , ae 
0€ 91 18 —6L , 6-FP LL 6-8 s9 —€9 9 
; 9L —€L ‘ al 
T+L¥Z +8 —I8 ; LEP 
; o8 —€8 , s .C . 
9'ShZ 98 —E8 . 0-9 oT 
*ambo ° , ‘dW . . Of, . ° Of, 
‘deg Seca 
} — -AxorpAyip *uUOTgNOS UOIy *sq]es pozyersdes ur01y *poye[ost 
‘onprser ATIO JO ,F1I0geq ea 1oqsa-AxorpAyiqT 
peuresqo splow pros "yu9qU09 [AQo0V 


‘TI BTavy, 


9:0 8-0 “Appides pogipnos = g-91 sanoy FF ~ os 
1-933 *P389 JON “SSBUI PI[OS “jos FBYMOEUIOG (-0Z aqyepreye [AIO 
L-£06 L:0— } *[B1199VUT OUTTTEISAIO JO 891414 2-61 * a 
1-802 ‘p3sa gon J-uenb Zururequoo ‘10 pernojoo-a[¥q L Z-61 3s ss 
9-18Z 6-3 “pros-tures “4308 A10A 6 9-0Z = SABP OL .0Z—SI ‘aq8ejo [AqIOW 

*queTeatnbo ‘onona ur * GP MOTOq ‘souvsrvoddy "OM *OUILT, ‘dura y, *pasiprxo 

aornjsoyiuodes QO, 14j;y¥ Onova ws palig 4 10497] 

uBey _ °10989 PesIprxg 
*an[VA eUTPOT 


“saunjpoiadwmay snor1ina yo (*B OZ) awprnja pun ajnajo phyjow fo uoynmxo 
‘| wIavyL 


3 
a 
oa 
| 
: 
= 
a 
2 
vA 
<q 
H 
< 
4 
°o 
he 
° 
4 
° 
a 
: 
° 
<>] 
q 
a 


1582 A QUANTITATIVE STUDY OF THE OXIDATION, ETC. 


There was no frothing or evolution of acid vapour when the 
recovered ester was heated at 100° under reduced pressure. 

Some parallel experiments were also made with two methy] esters 
consisting of mixtures of oleate and linoleate which had been stored 
for some time with partial access to air. Each gave a definite 
starch-iodide reaction and possessed the typical oxidised oil odour; 
the heat treatment caused a brief effervescence similar to that 
observed with the esters which had been treated with hydrogen 
peroxide, the evolved vapour being acid to litmus, whereas after 
heating the products ceased to liberate iodine from acidified iodide 
solution. The behaviour of the slightly air-oxidised esters was thus 
qualitatively parallel with those studied in the present work, but no 
definite alteration in their iodine values was observed after the heat 
treatment; apparently the absorbed oxygen, although still reactive 
to hydrogen iodide, was more firmly combined than in the oily part 
of the products obtained with hydrogen peroxide. 

Separation of Free Dihydroxystearic Esters—Portions of the 
original oxidised esters from experiments 1, 3, 4 and 5 were treated 
with a little acetone and set aside at 0° for some days; the crystalline 
deposit was filtered off and washed with a little cold acetone and the 
filtrates and washings were concentrated and again cooled at 0°. 
The weights and melting points (without further purification) of the 
successive crops are given in Table IT. 

The mixed solids separated from the oleate oxidations melted at 
66—68° when mixed with methyl 9: 10-dihydroxystearate (m. p. 
70—71°), and the similar products from the elaidate melted at 
102—102:5° on admixture with the isomeric methyl 9: 10-di- 
hydroxystearate (m. p. 105°); a single crystallisation of either group 
of esters furnished specimens which melted respectively at 69—70-5° 
and 103—103-5°. It is thus clear that the compounds in question 
were free dihydroxystearic, and not oxido-, esters. 

Estimation of the Proportion of Acetylated Ester present.—Following 
the determinations of saponification equivalent on the original 
products, the solvent alcohol present was removed and the residue 
made acid with 2N-sulphuric acid (about 10 c.c. excess), after which 
it was distilled in steam until all acetic acid had been removed; 
the condensates were then titrated in the usual way. 

In order to ascertain how far the presence of acetylated ester was 
due to acetylation of methyl dihydroxystearate, rather than to the 
intervention of peracetic acid, methyl 9 : 10-dihydroxystearate (m. p. 
105°; 3-5 g.) was heated at 95° with a mixture of glacial acetic acid 
(30 g.) and water (6 g.) for 4 hours; the recovered product melted at 
about 95° [Found : sap. equiv., 278-4. Cale. for C,,;H33(OH),"CO.Me, 
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330. Found: CH,*CO, 2-8%]. Acetylation had therefore occurred 
to the extent of about 24% (as monoacetyl derivative). 

Hydrolysis of the Oxidised Esters and Separation of Dihydroxy- 
searic Acids from the Oily Residue.—The original oxidised esters 
(ca. 15 g.) were mixed with cold N/2-alcoholic potash (200 c.c.) and 
left at room temperature for 17—18 hours, followed by o period of 
6—7 hours at 0°. A considerable deposit of crystalline potassium 
salt was acidified separately, and the melting point of the recovered 
acid determined without further purification. The acids recovered 
fom the soluble potassium salts were separated from the oily 
product by crystallisation from 70% alcohol and finally from ether 
at 0° (compare Table II). 

The melting points, even of the less pure fractions, are far above 
those given by Béeseken and Belinfante (loc. cit.) for the 9 : 10-oxido- 
stearic acids (52° and 60—61°, respectively). The melting points of 
nixtures of the respective products, as obtained, with the appropriate 
):10-dihydroxystearic acid were 89-5—90-5° in the case of the 
oleate products and 127—128° in that of acids from methy] elaidate. 

Examination of the Oily Residues.—The general properties of these 
products (which were similar in each case, except that those from 
nethyl elaidate were more viscous than those from methy] oleate) 
have already been dealt with (p. 1577). 
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((VI.—The Mechanism of Tautomeric Interchange 
and the Effect of Structure on Mobility and 
Equilibrium. Part II. Ring-Chain Tautomerism 
in its Relation to the Mutarotation of the Sugars. 


By Joun Wit11aM Baker. 


lx view of the correlation which has been established [E. H. 
Ingold (Usherwood), Chem. and Ind., 1923, 42, 1246; Cooper, 
Ingold, and Ingold, J., 1926, 1868] between triad tautomerism, 
tng-chain tautomerism, and additive reactions (as keto-enol 
thange, keto-cyclol change, and the aldol reaction), the inclusion 
if the chemical transformations underlying the mutarotation of 
‘gars within the general phenomenon of ring-chain tautomerism 
Jacobsen and Stelzner, Meyer and Jacobsen’s ‘‘ Organische Chemie,” 
: Afl, 1, 2, pp. 886, 910, 915, 927; Baker, Ingold, and Thorpe, 
),1924, 425, 268) has paved the way for the application of new 
walogies. There is, in fact, no reason to doubt that the mutarot- 
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ation of sugars is dependent on prototropy (compare Kuhn and 
Jacob, Z. physikal. Chem., 1924, 113, 389; Lowry, Chem. Rev, 
1927, 4, 231) and not on anionotropy, that is, a phenomenon 
analogous to that exhibited by pseudo-bases. 

Ingold, Shoppee, and Thorpe (J., 1926, 1477) have examined 
the effect of structural influences on triad prototropy on the basis 
of the mechanism 


Ionisation 
\ 


-“Electromerisation 


the assumed function of catalysts being the facilitation of the 
preliminary ionisation. This paper contains a study of structural 
effects on ring-chain tautomerism in its application to the muts- 
rotation of sugars, and the results are considered in the light of the 
corresponding mechanism 
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which is the electronic interpretation of that previously upheld 
by Baker, Ingold, and Thorpe (loc. cit.). 

Lowry (J., 1925, 127, 1371) has developed the conception of 
prototropy in relation to mutarotation and has advanced a mechan- 
ism in which two catalytic molecules (or ions) are assumed to attack 
the sugar molecule, at the points corresponding with x and ;, 
simultaneously. One acts as a proton-donator and the other as 
proton acceptor, and the result is to produce a bipolar ion which 
undergoes internal neutralisation with a change of structure. This 
theory of duplex action differs from the above theory of unitary action 
in certain consequences, some of which will .be considered below. 

The detailed consideration of the mechanism divides itself into 
two parts: the history of the ionised proton and the history of the 
electrons from which it separates; or, in other words, the functior 
of catalysts, and the function of structural influences in the sug} 
molecule. Catalysts are expected to be of two kinds: (1) thos 
which attack the ionising proton directly, such as the anions 0 
weak acids, water, and all other bases; (ii) those which facilitate 
its liberation indirectly, such as the cations of weak bases, wate, 
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and all other acids. The respective mechanisms may be represented 
by the examples : 
H® 
ay | oy ‘+ 
—0O—CH——O——CR and H—O—CH——-O——CR 
L{CH(0H)},- L{CH(OH)},- 


and in the second illustration it is not necessary to suppose that 
the attacking proton is free or that the eliminated one remains in 
that condition; nor does the illustration represent the only possible 
method of indirect action, another type of which is elaborated below 
(p. 1586). The essential function of a catalyst of this class is 
regarded as that of bringing a positive potential into the molecule 
in positions which will facilitate the electromeric changes necessary 
to the reaction. The nature of the sugar molecule itself is of 
importance in this connexion. Glucose is a definite, although very 
weak, acid (k = 3-6 x 107) and should obviously be capable of 
catalysing its own mutarotation, either through its anion by the 
firs; of the mechanisms indicated, or by means of the molecule 
according to the second mechanism. Dawson’s work has shown 
that catalytic coefficients differ by enormous ratios, and it would 
therefore be dangerous to conclude that the “ arrests”’ of muta- 
rotation observed (Lowry and Richards, J., 1925, 127, 1385) in 
aganic solvents at the ordinary temperature demonstrate a con- 
dition qualitatively different from the ordinary dynamic condition 
of a dissolved sugar which has not attained equilibrium. Evidence 
is recorded in this paper indicating that specimens of tetramethyl- 
and tetra-acetyl-glucose, which show an “arrest” in purified 
solvents at the ordinary temperature and even at 44°, mutarotate 


‘B lapidly at a suitable higher temperature; in particular, in the fused 


condition in silica apparatus, the cleanliness of which had previously 
ben demonstrated by the repeated production of “ arrests.” 
These results completely confirm the work of Irvine and Gilmour 
(J. 1908, 93, 1440) on the relative nature of so-called arrests, and 


iM favour the inclusion of the sugars themselves within the category of 


watel, 


tatalysts, as is required by the theory of mechanism indicated above. 

Turning to structural influences, Lowry’s theory of duplex 
tatalytic action is expressed as follows, simultaneous attack by an 
wid and water being taken as an example : 
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and a similar mechanism presumably applies to the mutarotating 
nitrogen sugars in which the -OH group of the cyclol form is 
replaced by NHR. In these compounds the group R can, of 
course, be varied, and the facility of the change would thus appear 
to depend on the extent to which it collaborates with the proton 
acceptor. This may be deduced from the strengths as acids of the 
compounds R-CO,H or ROH, and for the groups R indicated should 
be as follows : 


C,H,Br(Cl)(p)>C,H;>C,H,Me(p)>C,H,-OMe(p) 


On the other hand, the mechanism derived from analogy with 
triad tautomerism presumes that the attack of an acid catalyst 
would be indirect and would operate at the most basic part of 
the molecule, and thus the strengths as bases of the compounds 
R:NH, or R-NR'R? should determine the relative velocities of 
isomerisation, a sequence which is the reverse of that given above: 


CH,OMe(p) > C,H,Me(p) > CgHs > CgH,Cl(p) > C,H,Br(p) 


The experimental results which relate to a series of nitrogen sugars, 
prepared from tetra-acetylglucosidyl bromide, correspond with 
this deduction. The strengths of the five primary bases R-NH, 
vary over a range of 1:15, and the coefficients for the velocities 


of mutarotation of the corresponding sugars under constant con- 
ditions of temperature and acid catalysis vary as 1 : 23, but the 
ratios of the two constants are grouped in a striking manner round 
a common value (p. 1593). 

An unexpected point of considerable interest has emerged during 
the study of sugars derived from secondary bases. If the attack 


of the acid catalyst on one of the sugars considered in the preceding§§ 


paragraph were to result in actual co-ordination of a proton to give 


an ammonium complex which then became the actual individualf§ 


responsible for mutarotation, it is evident that, since the nitrogei 
atom in the latter would bear two equivalent hydrogen atoms, the 
replacement of one of them by methyl should not fundamental] 
affect the situation, because the other still remains available t 
act as the mobile hydrogen atom. Tetra-acetylglucosemethy!- 
anilide was prepared and examined, but no signs of mutarotatio! 
could be detected, either at the ordinary temperature under con- 
ditions varying from those conducive to “ arrests” to those il 
which considerable concentrations of acid were employed, or im 
the fused state. It is concluded that the attack of the catalyst 
does not involve co-ordination,* but merely the augmentation 0 


* This may not necessarily be the case with sugar derivatives of vet 
strong bases, examples of which are at present under investigation. 
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the positive field in the region of the electrons binding the original 
hydrogen atom by an electrostatic mechanism which may be 
correlated with the modern theory of electrolytes. In short, it is 
the hydrogen atom already present in the system H—-X—C—0—-€ 


ar 
which is the mobile one, and the recognition of this circumstance 
by Baker, Ingold, and Thorpe was one of the principal reasons 
for grouping mutarotation phenomena within the general category 
odring-chain tautomeric changes. The stronger the basic properties 
of the unshared nitrogen electrons, the closer will the polar reagent 
approach ; the greater the field thus induced, the smaller will be 
the reaction of the valency electrons on the nucleus of the mobile 
hydrogen. Thus the effect of structural changes on the velocity 
of mutarotation should run parallel with their effect on basic 
character, as is found to be the case. 

In the absence of acid catalysts, however, it is obvious from the 
xheme given on p. 1584 that the velocity of mutarotation should 
depend on the tolerance of the atom x (from which in the cyclol 
form the proton separates) for a negative charge, and hence, under 
uch conditions, it is to be expected that the velocity of mutarotation 
should be greater when z is an oxygen atom than when it is nitrogen. 
This is actually the case. The velocity coefficient of tetra-acety] 


“Bglucose (H—O—C—O—C) in 90% alcohol at 44° is 1-07 hrs.", 
ae 


whereas in the same solvent at the same temperature the velocity 
ifmutarotation of tetra-acetylglucoseanilide (H—N—C—O—C) is 
ae 


kj ‘oo slow to measure, the initial value [«]};, —73-7° being unchanged 
ater 24 hours. Mutarotation of the anilide does, however, proceed 
fairly rapidly in the fused condition; a sample which had m. p. 
48° and [«]3;, —75-2° in “arrest” ethyl acetate, had m. p. 60° 
and [«]?, +-45-7° in the same solvent after previous heating at 
100—105° for 1 hour. 

The matter will be developed further in future papers. 


EXPERIMENTAL. 
I. Haperiments on “ Arrest’ Specimens. 


A. Materials used.—A pure specimen of tetra-acetyl d-glucose 
supplied by Messrs. Boots Pure Drug Co. was dried for 12 months 
over phosphoric oxide in a vacuum desiccator. A specimen of 
tetramethyl glucose, m. p. 80°, prepared by The British Drug 
Houses, Ltd., was rapidly crystallised from a mixture of pure dry 
@ ‘ther and ligroin (b. p. 30—40°) with the rigid exclusion of moisture. 
The process was repeated until a product of m. p. 103—104° (speci- 
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men put into a bath at 90° initially) was obtained. This specimen 
was stored over phosphoric oxide in a vacuum for 18 months with. 
out any change of m. p. being detected. Ethyl acetate was purified 
in the usual manner and finally distilled twice over phosphoric 
oxide. The latter operation seemed to give the sample a very 
slight acid reaction, and a better specimen was obtained by subse. 
quent treatment with a little dry sodium, followed by slow dis. 
tillation (twice) in a carefully purified apparatus made of pyrex 
glass throughout and protected from atmospheric moisture. The 
acetone used was purified through the sodium iodide compound 
by the method of Shipsey and Werner (J., 1913, 103, 1255) employed 
by Lowry. 

B. Description of Apparatus —The apparatus, which was com. 
posed entirely of clear fused silica, consisted of a 2-dem. polarimeter 
tube, 1 cm. in diameter, with optically ground end-plates fused on. 
At a distance of 2 cm. from each end were fused in two side-tubes, 
0-5 cm. in diameter, bent at right angles and connected by ground 
joints to two flasks of about 25 c.c. capacity, each of which had a 
wide fused-in side-tube bent at right angles. In this side-tube a 
small glass tube containing phosphoric oxide could be placed (thus 
making it possible to replenish the drying agent without soiling 
the side-tube with phosphoric acid) and it was connected during 
the actual arrest experiment to a large backing train of phosphoric 
oxide drying-tubes. The whole apparatus was constructed to 
specification by the British Thermal Syndicate, Newcastle. The 
apparatus was initially purified by prolonged steaming and dried 
by heating in a slow current of air (dried by phosphoric oxide) at 
reduced pressure. Subsequently, cleaning was effected simply by 
washing with the pure “arrest” solvent and drying in a stream 
of dry air. 

The polarimeter tube was jacketed for temperature control. 
The temperature readings recorded are those of the jacket of the 
tube. Readings were made for the mercury green line, the source 
of light being a powerful Kelvin, Bottomley and Baird mercury 
vapour lamp. 

Arrest of Mutarotation.—(a) Tetra-acetyl glucose in ethyl acetate. 
A solution containing 1-343 g. in 100 c.c. at 24° had « +0-18°, 
([«]3, 6°7°), unchanged for 23 hours. Thereafter, very slow muta- 
rotation occurred, but it was not complete when observations were 
stopped (171 hours; « -++-1-82°). 

(b) Tetramethyl glucose in ethyl acetate. A solution containing 
1-526 g. in 100 c.c. at 44° had « +4-34° ([a]#s, 142-3°), unchanged 
for 6 hours. This value is considerably higher than that ((«).0 
122-4°) recorded by Lowry (loc. cit.) in agreement with the higher 
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m. p. of the sample used. Mutarotation then proceeded slowly 
and was complete in about 198 hours. 

(c) T'etramethyl glucose in acetone. A solution containing 1-482 g. 
in 100 c.c. had at 44° « +4-02° ([a]#;, 135-6°), unchanged for over 
3 hours, after which slow mutarotation set in. 

C. Mutarotation im the Fused State.—T etra-acetyl glucose. Fusion 
of the sugar (0-249 g.) at 130—135° for 30 minutes was effected in 
one bulb of the silica apparatus, the other containing the “ arrest ’’ 
ethyl acetate (15-75 g.) ultimately used to test the rotation. Solu- 
tion was effected by tilting the apparatus. The initial value of «, 
measured 10 minutes after solution was effected, was 2-12°, whence 
[x], = 74:5°. This value remained unchanged for 2 hours, after 
which the mutarotation was slowly completed, the final constant 
value ([«]#, 91-4°) being reached after 144 hours. The experiment 
was repeated with similar results. 

Tetramethyl glucose. In a similar experiment, this sugar (0-2820 
g.) was heated at 120° for 15 minutes in the arrest apparatus and 
after cooling was dissolved in “ arrest’ acetone (13-96 g.). The 
initial value of « was 3-04°, whence [«]#j° = 95-0°, which remained 
uchanged for 24 hours. 


II. Relative Velocity Experiments. 


D. Preparation of p-Substituted Anilides of Tetra-acetyl Glucose.— 
These were obtained by the action of excess of the p-substituted 
aniline on tetra-acetylglucosidyl bromide, a little ether being used 
43a solvent in the case of the solid bases. The method of isolation 
varied slightly from case to case, since sometimes the required 
amilide and sometimes the hydrobromide of the base crystallised. 

Anilide. Tetra-acetylglucosidyl bromide (8 g.) was dissolved 
in 5-6 g. of freshly distilled aniline (3 mols.) and kept for 24 hours 
at room temperature; precipitation of the partly separated aniline 
hydrobromide was then completed by addition of ether. The 
excess Of aniline was removed from the filtered ethereal solution 
by shaking with dilute hydrochloric acid. The residue from the 
dried ethereal extract slowly crystallised. After several crystallis- 
ations from ether-ligroin (b. p. 40—60°) tetra-acetylglucoseanilide 
had m. p. 98° (Found: C, 56-6; H, 6-1. C,)H,,O,N requires OC, 
67; H, 6-0%). 

The p-toluidide was obtained similarly from 8-2 g. of acetobromo- 
glucose and 6-4 g. of p-toluidine dissolved in a little ether. After 
evaporation of the ether on a steam-bath the p-tolwidide crystallised ; 
alter several recrystallisations from methyl alcohol it had m. p. 
\47° (Found: C, 57-4; H, 6-2. C,,H,,O,N requires C, 57-6; H, 
62%). 
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p-Anisidide. On similar condensation of 8-2 g. of acetobromo. 
glucose with 7:4 g. of p-anisidine a mixture of p-anisidine hydro. 
bromide and the required anisidide crystallised, from which the 
latter was separated by crystallisation from aqueous methyl alcoho. 
A further quantity was obtained from the ethereal extract. After 
many crystallisations from methyl alcohol-ligroin (b. p. 60—80°) 
the p-anisidide had m. p. 129° (Found: C, 55-6; H, 61. 
C,,H,7,0,)N requires C, 55-6; H, 6-0%). 

p-Bromoanilide. In this case a mixture of p-bromoaniline hydro. 
bromide and the required p-bromoanilide crystallised. After 
dilution with ether, the insoluble residue was treated with cold 
10% sodium hydroxide solution and extracted with chloroform. 
p-Bromoaniline was removed from the chloroform extract by shak- 
ing with dilute hydrochloric acid, and the dried extract concentrated 
to small bulk. On addition of ligroin and seeding, the product 
crystallised. A further quantity was obtained in the usual manner 
from the ethereal extract. After several crystallisations from pure 
methy! alcohol the p-bromoanilide had m. p. 160° (Found : C, 47-9; 
H, 4-9. Cy 9H,,0,NBr requires C, 47-8; H, 4-8%). 

The p-chloroanilide was prepared in a similar manner. After 
many crystallisations from methyl alcohol-ligroin (b. p. 60—80°) 
it had m. p. 147° (Found: C, 52-1; H, 5-4. C,9H,,0,NCI requires 
.C, 52-5; H, 53%). It is much more soluble in methyl alcohol 
than the p-bromo-compound. 

N-Methylanilide. A mixture of acetobromoglucose (8-0 g.) and 
6 g. of freshly distilled methylaniline (3 mols.) was warmed on the 
steam-bath to effect solution. After standing for 6 hours, it was 
again warmed on the steam-bath for 5 minutes to complete the 
reaction. The resulting dark green, viscous gum was largely 
diluted with dry ether, and the precipitated methylaniline hydro- 
bromide filtered off. The ethereal extract was shaken with dilute 
hydrochloric acid, which removed the excess of methylaniline and 
nearly all the colour. The pale yellow syrup obtained from the 
dried ethereal solution slowly crystallised in a vacuum desiccator. 
After several crystallisations from ether-—ligroin, the N-methyj- 
anilide had m. p. 102° (Found: C, 57-7; H, 6-5. C,,H,,0,N 
requires C, 57-7; H, 6-2%). 

E. Mutarotation in 90°, Alcohol.—The solvent used was pre- 
pared by the addition of 10% (by weight) of conductivity water 
to pure absolute alcohol, which had been carefully distilled several 
times. The water was added in order to prevent relatively large 
changes in the water content of the solvent owing to the hygroscopic 
character of absolute alcohol. 
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(a) Tetra-acetyl glucose. Strength of solution, 2-0956 g./100 c.c. 
Temp., 44°. 

Time 

(hrs.). a. [a]sae1- A (hrs.-*). 2 a. [e]lsecx- & (hrs.-*). 
0-183 -+1-06° 25-3° —_— , +2°59° 61-8° 1-0709 
0-23 1-22 29-1 (0-9488) . 2-68 63-9 1-0534 
0-25 1-31 31-2 (0-9970) . 2-86 68-2 1-0320 
0-283 1-39 33:1 1-0720 3°11 74-2 1-0766 
0-333 1-54 36-7 1-1241 . 3°15 75-1 1-0966 
0-416 1-71 40-8 1-0993 . 3°32 79-2 1-0684 
0-50 1-89 45-1 1-0598 , 3°42 81-6 1-0442 
0-583 2-05 48-9 1-0569 2: 3°62 86-4 — 
0-666 2-21 52-7 1-0654 , 3°79 90-4 — 
0-75 2-35 56-0 1-0681 3°97 94-7 _— 
0-833 2-48 59-1 1-0718 Mean 1-067 


(b) Tetra-acetylglucoseanilide. A solution containing 1-5188 g. 
in 100 c.c. had [«]#5, — 73°7°, unchanged after 24 hours. Evapor- 
ation of this solution over phosphoric oxide in a vacuum at the 
ordinary temperature yielded a pure white solid, m. p. 97°, showing 
that the original material was unchanged. 

Mutarotation of tetra-acetylglucoseanilide on fusion. A sample 
of the anilide having m. p. 98° and [«]#;, — 75-2° in “ arrest ” ethyl 
acetate was heated at 105—110° for 1 hour and then cooled. The 
product had m. p. (indefinite) about 60°; and a solution containing 
07512 g. in 100 c.c. gave « + 0-69°, whence [«{;, = + 45-7°, 
mutarotation having occurred during fusion. 

Comparative Velocities of Mutarotation of Tetra-acetylglucose- 
anilides in Ethyl Acetate with Acid Catalysts at 24°.—Since it was 
only desired to determine the relative velocities of mutarotation of 
the anilides in the same solvent under the same conditions of 
catalysis, the solvent used was prepared empirically by addition 
of such small amount of hydrochloric acid to ethyl acetate as gave 
conveniently measurable velocities. The ethyl acetate used con- 
tained a little acetic acid (S), but it was shown that the catalytic 
activity of the acetic acid was only of the order of 1—2% of that 
produced by an equivalent concentration of hydrochloric acid. 
The order of the velocities of mutarotation was confirmed, for three 
of the five derivatives, in pure ethyl acetate to which only acetic 
acid in concentration 0-9N had been added (U). In certain cases, 
the standard catalytic solution was diluted with pure ethyl acetate 
(T) in order to reduce the velocities of mutarotation to measurable 
magnitudes, the two series of measurements being correlated by a 
determination of the velocity of mutarotation of the anilide in both 
solvents. 

The value of [«]) was obtained graphically by extrapolation of 
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the straight line obtained by plotting log ({a],,—[«],) against 1, 
Details of the optical measurements are recorded only in the first 


example. 
Mutarotation of tetra-acetylglucose-p-bromoanilide in S : 
2:3 


of solution, 1-1668 g./100 c.c. (0-0233 g.-mol./l.). k= 7 hog Sul 
[ole — Foley ng 1 = 
[a], — [a]. 


Time Time 
(é hrs.). a. [a]sae1- k. (é hrs. )- a. [a]sae.- 
0-033 —1-11° —47-55° 2-258 0-833 +0 a +21-42° 
0-083 0-96 41-13 1-835 ° 
0-166 0-68 29-14 1-890 
0-25 0-40 17-14 2-039 
0-333 0-21 9-00 2-003 
0-417 0-02 0-86 2-050 
050 +0-:10 + 4-29 1-990 
0-533 0-22 9-43 2-172 
0-699 0-40 17-57 2-115 


Tetra-acetylglucose-p-chloroanilide in S: strength of solution, 
1-0012 g./100 c.c. (0-0219 g.-mol./l.). - Mean value of & (11 obsery- 
ations), 2-77 hrs. + 0-07. 

T etra-acetylglucoseanilide in S: strength of solution, 1-0092 g./ 


100 c.c. (0-02385 g.-mol./l.). Mean value of k (9 observations), 
7-77 hrs.1. Maximum, 8-09; minimum, 7-21. 

Tetra-acetylglucoseanilide in T': strength of solution, 1-0212 g./ 
100 ¢.c. (0-0242 g.-mol./l.). Mean value of k (12 observations), 
4-06 hrs.1. Maximum, 4:34; minimum, 3-89. 

Tetra-acetylglucose-p-toluidide in T': strength of solution, 0-8416 
g./100 c.c. (0-0193 g.-mol./l.), Mean value of & (6 observations), 
15-6 hrs. Maximum, 17-6; minimum, 14:2. 

T etra-acetylglucose-p-anisidide in T': strength of solution, 1-0288 
g./100 c.c. (00227 g.-mol./l.).. Mean value of k (8 observations), 
24-3 hrs.-1. Maximum, 26:3; minimum, 22-4. 

Mutarotation in ethyl acetate 0-9N with respect to acetic acid (VU). 
(a) T'etra-acetylglucoseanilide: strength of solution, 0-9408 g./ 
100c.c. Mean value of k (11 observations), 0-209 hrs.1. Maximum, 
0-248; minimum, 0-188. 

(b) Tetra-acetylglucose-p-toluidide : strength of solution, 1-022 
g./100 c.c. Mean value of & (10 observations), 0-577 hrs.-1. Maxi- 
mum, 0-604; minimum, 0-543. 

(c) Tetra-acetylglucose-p-anisidide: strength of solution, 0-980 
g./100 c.c. Mean value of k (9 observations), 1-69 hrs.-1, Maxi- 
mum, 1-88; minimum, 1-55. 
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Summary of Results. 


Relative velocities of mutarotation of para-substituted anilides of tetra-acetyl 
glucose with acid catalysis (Ky is the dissociation constant of the p-sub- 


stituted aniline as a base*). 
Velocity coefficient of 
mutarotation, & hrs.', 


Sub- Anilide AW = 
stituent. (g.-mol./l.). Ky. (a) in 8. (6)in T. (c)in U. 


Br 0-023 1-0 x 107° 2-00 
Cl 0-022 5.x 3 2-74 
H 0-024 4-6 x 10710 
Me 0-020 11—15 x 107° 
OMe 0-023 15 x 10-1 


Attempt to cause Tetra-acetylglucose-N-methylanilide to exhibit 
Yutarotation.—(a) In “‘ arrest’’ ethyl acetate. A solution contain- 
ing 1-0224 g. in 100 c.c. had [«}, +49-0°, which remained unchanged 
for 24 hours, even after the addition of a trace of hydrochloric acid 
om a platinum wire. The residue obtained by evaporating this 
wlution over phosphoric oxide at the ordinary temperature had 
n. p. 95—96° without purification. 

(b) In ethyl acetate containing hydrochloric acid. A solution of 
10380 g. in 100 c.c. of ethyl acetate about 0-03N with respect to 
aid had [a Ps, + 51°, and one containing 1-040 g. in 100 c.c. with 
oly about 1/10 this concentration of acid had [a]#;, + 52-5°, 
both values being constant. 

(c) On fusion. A sample of the methylanilide was heated at 105 
—110° for a short period and cooled. A solution containing 1-0432 
g.in 100 c.c. in “ arrest ’’ ethyl acetate had [«]?, + 51-8°. Inno 
case could any change in rotation be observed. 


The author desires to thank Professor C. K. Ingold, F.R.S., for 
his continued interest in this investigation, and the Chemical 
Society for a grant by which some of the expense incurred has been 
met. 


Tae University, LEEDs. [Received, March 15th, 1928.) 


* From Landolt-Bérnstein. The values for p-toluidine and p-anisidine 
vary, but from theoretical considerations it would be expected that the latter 
is the stronger base. 

} The values in parentheses are extrapolated on the assumption of direct 
ptoportionality from those found in T by means of the values obtained for 
the anilide in each solution. 
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CCVII.—Electrometric Titration Curves of Dibasic 
Acids. Part I. Normal Acids. 


By Ricnarp Gane and CHRISTOPHER KELK INGOLD. 


THE hypothesis that the angles between the valencies of a carbon 
atom are modified by the space requirements of the attached groups 
has been attested by chemical evidence of various kinds during the 
past 13 years, and it therefore seemed desirable to examine the 
possibility of obtaining confirmation by physical methods. The 
most hopeful line of inquiry appeared to be to endeavour to establish 
a connexion between molecular configuration, as determined by the 
valency-deflexion hypothesis, and the external molecular electrical 
field, utilising physical properties which are known to depend mainly 
on this field. Two properties suggested themselves for this purpos, 
namely, the dielectric constants of dipolar substances and the 
dissociation constants of acids containing a free pole (e.g., the 
second dissociation constant of dibasic acids). This paper constitutes 
a preliminary inquiry into the suitability of the second method of 
attack. 

Bjerrum (Z. physikal. Chem., 1923, 106, 219) has considered the 
effect of the external field of a free pole on the active mass of the 
hydrogen ions in the neighbourhood of a dissociating carboxyl 
group, and, for the case of a symmetrical dibasic acid, he has cal- 
culated from Boltzmann’s potential energy—concentration relation- 
ship that log K,/K, — 0-6 = 3-1 x 10-8/r, where K, and K, are the 
first and second dissociation constants of the acid, and r is the 
distance between the ionising groups. This formula gives values 
of r which are of the correct order of magnitude (a few Angstrom 
units for acids of simple constitution), but the theory is obviously fa 
too simple to warrant the expectation of quantitative accuracy 
and even for dilute solutions a complete theory would have to take 
account inter alia of the following factors: (1) The effect of the 
external field of the pole on hydrogen-ion concentration (Bjerrum), 
(2) the effect of the external field (the “direct” effect, D, se 
Ingold and Vass, this vol., p. 417) of the pole on the hydrogen-ia 
affinity of the carboxylate ion, (3) the effect of the internally propa 
gated field (“ inductive” and “ tautomeric ” effects, J and 7’) of the 
pole on the hydrogen-ion affinity of the anion, (4) the influence 0 
electrostriction by the pole of kations and the positive ends 0 
dipolar molecules in diminishing the effects of the pole, as specified 
under (1), (2), and (3). The neglect of factors (2) and (3) wi 
diminish the apparent distance, r, between the carboxy] groups, al! 
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the error arising from the second of these causes will be greater the 
shorter the intervening carbon chain. On the other hand, the 
neglect of (4) will render r too large, and for a given degree of 
electrostriction this effect will be independent of the length of the 
chain.* In short, it is to be expected that when internally propa- 
gated polar factors are negligible, the application of the Bjerrum 
formula will place a series of substances in the correct order, although 
the calculated distances between their carboxyl groups will not. be 
physically accurate; when, however, internal factors cannot be 
neglected, this result will be achieved only for series so chosen that 
the internal effects are closely comparable. Therefore, as a prelim- 
inary to the utilisation of Bjerrum’s principle for the purpose 
referred to at the outset, it seemed desirable to endeavour to 
determine the region of applicability of the method by the examin- 
ation of a number of homologues, each of which might conceivably 
constitute the parent of a series suitable for the investigation of 
valency deflexion. The parent acids which have been examined are 
those represented by the general formula CO,H-(CH,),°CO,H. 

It is well known that the dissociation constant of an acid depends 
upon the method by which it is measured, that is, on the manner in 
which concentrations and activities enter into the expression from 
which it is calculated. Thus the ‘conductivity’ dissociation 
constant of acetic acid at 18° is 1-85 x 10-5, whilst values above 
20 x 10-5 have been obtained electrometrically.. This difference 
becomes of importance in the application of recorded data to the 
Bjerrum expression ; for whereas K, has usually been determined by 
measurements of the conductivity of the acid, K, is exceedingly 
difficult to evaluate in this way, and has more often been determined 
by such methods as partition or sugar inversion. Which sort of 
dissociation constant should theoretically be employed is a remote 
question, but it seemed to us of greater importance that both 
K, and K, should be measured by the same method, if possible in 
the same experiment, and we have therefore employed the mixed 
activity-concentration constants calculated from  electrometric 
measurements made during neutralisation with a strong base. The 
theory of the method has been given by Auerbach and Smolezyk 
(Z. physikal. Chem., 1924, 110, 65) and is represented by the 
equation 


c_ K,C((H'? + 2K,[H")}) — ((H’? — K.)((H'? + K,{H'] + K,K) 
v ((H" + K,[H"] + K,K,)((H'? + N[H] — Kw) 


where C and v are respectively the initial concentration and volume 


* This follows because in the Bjerrum expression the assumed effective 
ionic charge e and distance r occur only in the form of the ratio e*/r. 
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of the solution of acid, and N and «x are respectively the con- 
centration and volume of alkali after addition of which the hydrogen- 
ion concentration is [H*]; K, and K, are the first and second 
dissociation constants of the acid, and K, that of water. The 
expression assumes that the acid is a weak electrolyte and that the 
base is completely dissociated; it is therefore not applicable to 
oxalic acid, which does not obey the laws of weak electrolytes in 
respect of its first dissociation constant. 

For the acids CO,H-(CH,),"CO,H from malonic acid to azelaic acid, 
the values of r calculated from the data recorded in the experimental 
portion are given in the following table. The bottom line shows the 
deviations from the straight line r = 4-4 + 1-73n to which the 
observed values for all the acids from glutaric to azelaic closely 
approximate. 

5 6 7 
r (found), A.U. . . . 115 132 145 168 
Deviation . , . +02 +02 -—03 +03 


[The value of r for succinic acid calculated from Auerbach and 
Smolezyk’s electrometric data (loc. cit.) is 4-9 AU.) 

It will be seen that there is no indication of 5-carbon periodicity ; 
this suggests that the polymethylene chain tends to a straight 
(zigzags) and not a coiled configuration. Further, for these acids 
the apparent increase in the distance between ionic centres for an 
increase by one methylene group in the length of the carbon chain is 
1-73 A.U., i.e., it is greater than the distance between the carbon 
atoms in the diamond (1-52 A.U.). We are of the opinion that this 
effect is due largely to the influence of electrostriction which should 
increase the apparent increment per methylene group by an approx- 
imately constant amount throughout the series. 

The small deviations shown by the acids from glutaric to azelaic 
acid may be accounted for as experimental error. Azelaic acid 
represents the limit of applicability of the method as used by us, 
partly on account of the sparing solubility of sebacic and the higher 
acids, and partly because the form of the Bjerrum expression renders 
the calculated values of r more sensitive to experimental error as the 
series is ascended. Succinic acid, however, shows a negative 
deviation which far exceeds experimental error, and malonic acid 
shows a still larger deviation in the same direction. These we attri- 
bute to internally propagated polar effects, which naturally become 
of greater significance the shorter the chain between the carboxy! 
groups. In malonic acid, moreover, the effect of inductively 
propagated electronic strain is probably enhanced by incipient 
tautomeric disturbances of the type which has been held responsible 


met 
atio 
T 
calil 
F. ( 
valu 
Tl 
suce 
silve 
galle 
elect 
the ¢ 
elect; 
being 
potas 
potas 
meas 
to 0°. 
a Stal 
poten 
carbo 
made 
duplic 
In- 
of ref 
desira 
(J., 1 
acetat 
Sérens 
satura 
severa 
half-c¢ 
dilutic 
acetic 


OF DIBASIC ACIDS. PART I. NORMAL ACIDS. 1597 


(Baker, Cooper, and Ingold, this vol., p. 426) for the characteristic 
thermal decomposition of malonic acids : 


aan vat 
HO,C—CH,—CO——O 


As indicated above, it is proposed to make further studies of this 
kind along the lines prescribed by the foregoing results. 


EXPERIMENTAL. 


The dibasic acids were either purchased or prepared by known 
methods, and in all cases carefully purified by repeated crystallis- 
ation before use. 

The hydrogen-potential measurements were made with accurately 
calibrated apparatus kindly lent by Messrs. W. R. Atkin and 
F. C. Thompson of the Leather Industries Department, whose 
valuable help throughout this work we gratefully acknowledge. 

The hydrogen, derived from a cylinder, was purified by passing 
successively through alkaline permanganate, alkaline pyrogallol. 
silver nitrate, lead acetate, alkaline permanganate, alkaline pyro- 
gallol, cotton wool, and distilled water. The pole of the hydrogen 
electrode was re-platinised before each experiment, the direction of 
the current being reversed every half-minute. A saturated calomel 
electrode was employed as the second electrode, the two half-cells 
being connected, through a vessel containing water saturated with 
potassium chloride and mercurous chloride, by a bridge of saturated 
potassium chloride containing 1-5°% of agar. The potentials were 
measured on a bridge wire one scale division of which corresponded 
to 0-1 millivolt, the potential gradient being checked repeatedly by 
a standard cadmium cell having 1-0183 volts at 20°. All hydrogen- 
potential measurements were made at 25°. The alkali used was 
carbonate-free sodium hydroxide, and the solutions of the acids were 
made up with air-free distilled water immediately before use. All 
(duplicate determinations agreed very closely. 

In view of the fact that there is no universally accepted standard 
of reference for hydrogen potential measurements, we deemed it 
desirable to correlate our standards with those used by Walpole 
(J., 1914, 105, 2501) in his investigation of acetic acid—sodium 
acetate solutions. Walpole worked at 18° and adopted the 
Sérensen standard for the decinormal calomel electrode. Our 
saturated calomel electrode A, which was selected from among 
several for use throughout these experiments, when used with a 
half-cell consisting of diluted standard acetate buffer (molecular 
dilution of free acetic acid, 173 1.) prepared from carefully purified 
acetic acid, gave a potential of 0-5200 volt at 18° and 0-5223 volt at 


1598 GANE AND INGOLD: ELECTROMETRIC TITRATION CURVES 


25°. For the same diluted standard acetate used in conjunction 
with a decinormal calomel electrode at 18°, Walpole observed 
0-6089 volt. It follows that, according to the standards used by 
Walpole, our electrode A has a potential of 0-2449 volt at 25°, and 
that this figure includes the difference of potential at the liquid 
junction, since a correction for this is contained in Walpole’s data, 
The titres recorded in the tables are in c.c. and the H.M.F.’s in 
volts. The remaining data necessary for the application of the 
Auerbach-Smolezyk equation are recorded in the second, third, 
and fourth columns of the following table: The calculated values 
of K, and K, are in the fifth and sixth columns. 


Cone. of Equivalent 
Original NaOH titre 
conc.,M. (g.Na/e.c.). (e.c.). Ky, xX 105. K, x 104 
0-05850 0-03671 11-00 — 
Malonic . 0-02567 13-42 177 
Succinic ; 0-02567 13-12 7-36 
0-002567 18-10 4-60 
0-002567 18-05 3-90 
0-002567 13-00 3°33 
0-002567 | 8-86 3-07 
0-0003671 13-00 2-82 


Oxalic Acid.—E.M.F. = 0-3341 at titre 0-00 and 0-8590 at 
titre 11-06. 

Titre 0-00 051 0-98 1:76 241 2-97 3-37 

Pu--- 1:510 1-560 1-609 1-692 1-787 1-879 1-961 


Titre 462 504 540 580 618 660 7-00 . 
pu-. 2315 2-501 2-712 2-970 3-181 3-373 3:536 3-689 3-849 


Titre 8-51 8-99 9-49 990 10:10 10:29 10:38 10-47 10-52 
pu... 4002 4-149 4331 4511 4614 4-736 4802 4-881 4-927 


Titre 10-57 10-61 10-65 10-70 10-75 10-80 10-84 10-89 10-93 
pu... 5014 5-025 5-085 5-156 5-239 6-332 5-444 5-610 5-869 


Titre 10-97 11:02 11-06 
pu... 6-504 9-376 10-390 


These values lie on a smooth curve having two points of inflexion, 
but, for the reason given on p. 1596, they cannot be represented by 
an equation of the Auerbach—Smolezyk type. 

Malonic Acid —E.M.F = 0-3668 at titre 0-00 and 0-8466 at titre 
13-49. 
Titre 0-00 050 0:96 1:97 298 408 503 5:72 6-33 
pu... 2-064 2-158 2-265 2-499 2-719 2-973 32405 3-494 3-816 
Titre 6-74 7-14 7°72 8-50 950 10-98 12:00 12-52 12-67 
pu... 4090 4377 4-712 4-957 5229 5-607 5925 6-146 6-252 
Titre 12:82 12:90 12-98 13-06 13-13 13-20. 13:26 13-29 13-33 
pu... 6352 6419 6507 6-597 6-714 6-858 6-967 7-066 7-245 


Titre 13-36 13:39 13-43 13-45 13-49 
Pu. 7503 7-951 8-675 9-746 10-180 
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Succinic Acid.—E.M.F. = 0-3980 at titre 0-00 and 0-8970 at 


titre 13-48. 
Tire 0-00 
fas» 2-591 
Titre 6-00 
fa 4629 
Titre 13-48 
pa +++ 11-034 


0-52 
3:035 
6-80 
4-789 


1-02 
3-336 
7-63 
4-947 


1-56 
3-617 
8-56 
5°139 


2-00 

3-751 
10-04 

5-447 


2-55 3°54 4-53 5-20 

3899 4:120 4-339 4-472 
11-52 13:00 13-10 13:20 

5-837 7-165 8-513 10-364 


Glutaric Acid.—H.M.F. = 0-4365 at titre 0-00 and 0-7930 at 


titre 18-14. 


Titre 0-00 
3-240 


0-30 
3-340 
5-21 


0-70 
3°472 
5-80 
4-342 4-419 
11-52 12-21 
5-112 5-202 
17-27 17-52 
6-297 6-468 
Titre 18-14 
PH «++ 9-274 
Adipic Acid. —E.M.F. 
titre 18-16. 
0-00 
3-285 
3°62 
4-175 
8-80 


0-21 
3°372 
3-99 


0-55 
3-469 
4-60 
4-237 4-318 
9:79 10-64 
4-823 4-932 5-029 
16-22 16°76 17-29 
5-887 6-066 6-303 
18-12 18-16 

9-105 9-445 


Pimelic Acid.—E.M.F. 


titre 13-06. 

Titre 0-00 0-31 0-68 
Pu... 3408 3-536 3-686 
Titre 481 6550 6-21 
Pu... 4638 4-750 4-858 


Titre 10-98 11-61 12-15 
fu... 6713 5-902 6-146 


Suberic Acid.—E.M.F. 


titre 8-91. 
Titre 0-00 
Pu... 3500 
Titre 3-99 
Pu... 4°837 


Titre 8-59 
fa... 6-514 


0-60 
3°844 
5-20 
5-107 
8-81 
7243 


0-30 
3°763 
4-59 
4-970 
8-76 
6-999 


1-13 
3-593 
6-49 
4-505 
12-90 
5-293 
17-76 
6-729 


1-59 
3-709 
7°17 
4-587 
13-60 
5-389 
17-91 
7-000 


= 0-4390 .at 


0-90 
3-598 
5-18 
4-399 
11-38 
5-115 
17-70 
6-642 


1-26 
3-700 
5-70 
4-464 
12-25 
5-214 
17-89 
6-963 


= 0-4464 at 


1-18 
3858 
6-93 
4-963 
12-60 
6-483 


1-69 
4-016 
7-60 
5-070 
12-79 
6-754 


= 0-4519 at 


0-96 
4-005 
5-78 
5-240 
8-86 
7-834 


1-49 
4-192 
6-42 
5-403 
8-91 
9-061 


2°23 
3-858 
7-91 
4-676 
14-30 
5-499 
17-95 
7-144 


2°81 
3-972 
8-70 
4-768 
15-00 
5-616 
18-00 
7-361 


2-98 
4-071 
8-16 
4-751 
15-00 15-56 
5618 5-726 
18-03 18-08 
7-579 8-590 


1-99 
3-880 
6-89 
4-602 
13-96 
5-447 
17-99 
7°293 


1-61 
3°795 
6-30 
4-536 
12-98 
5-309 
17-94 
7-081 


titre 0-00 and 0-7910 at 


3°42 4-12 
4-404 4-526 
9-70 10-39 
5-422 5-566 
12:92 1 13-02 13-06 
7°208 0 8453 9-240 


titre 0:00 and 0-7805 at 


2-25 2: 
4:156 4: 
8-30 9: 
5-178 = 5 
2- 
7. 


3°52 
4-729 
8-33 
6-218 


3-00 
4-609 
7:97 
5-961 


2-53 
4-491 
7-60 
5°785 


2-01 
4-354 
7-02 
5-572 
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Azelaic Acid.—E.M.F. = 0-4765 at titre 0-00 and 0-7710 at 
titre 13-20. 

Titre 0:00 0-28 058 0-99 1:50 1:96 2-48 301 3-50 
pu +. 3920 3-979 4-030 4-120 4221 4-307 4-399 4-484 4.567 


Titre 3-97 4-50 4-98 555 5-98 650 7-09 7-52 8-25 
pu... 4638 4-721 4-797 4873 4-941 5-019 5-103 5-174 5-283 


Titre 890 962 10-30 10-83 11:23 11-64 12-00 12:35 12-71 
pu... 5394 5519 5-655 5-782 5-900 6-053 6-206 6-418 6-763 


Titre 12:91 13-01 13-10 13-20 
pu». 7:225 7-987 8-599 8-903 


THE Unrversiry, LEEDs. [Received, April 11th, 1928.] 


CCVITI.—The Influence of Arsenic on the Catalytic 
Activity of Platinum for the Oxidation of 
Sulphur Dioxide. 


By Epwarp BraprorpD MaxtTEep and ARTHUR NorMAN Dvuwnssy. 


THE poisoning of a platinum catalyst by means of arsenic is 
intimately connected with the development of the contact process 
for the manufacture of sulphuric acid. In spite, however, of the 
technical and historical importance of this case of inhibition, 
relatively little has been published on its quantitative aspect: 
the present work was therefore undertaken with the object of 
correlating the activity of a progressively poisoned platinum 
catalyst with its arsenic content. 

The kinetics of the reaction between sulphur dioxide and oxygen 
on the surface of a solid catalyst are complicated (see, for instance, 
Bodlander and Képpen, Z. Elektrochem., 1903, 9, 559); but, by 
working under conditions such that only a small percentage of the 
possible change takes place, even with an unpoisoned catalyst, 
the degree of conversion obtained may be regarded as a measure 
of the activity of the catalyst. For this reason, the measurements 
were carried out at a relatively low temperature, this being also 
desirable in order to preclude the possibility of loss of arsenic by 
volatilisation and in order to eliminate the complication of an 
equilibrium state appreciably below complete conversion. 

The general form of the poisoning curve was found to be similar 
to that obtained for other reactions (J., 1921, 119, 225; 1922, 
121, 1760). In the first stages of poisoning, the activity of the 
catalyst varies approximately linearly with the poison content. 
This portion of the curve corresponds probably with the saturation 
by the inhibitant of the regions of special activity which, according 
to the evidence recently put forward by H. S. Taylor (J. Physica 
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Chem., 1926, 30, 145; see also Rideal, Deuxiéme Conseil de Chimie, 
1925, Solvay Reports, p. 469) and others, occur on the surface of 
the catalyst and are apparently responsible for the greater part of 
its activity. This initial portion of the poisoning curve is followed 
by a region in which the continued addition of arsenic affects the 
activity to a far smaller degree. 

With the catalyst studied, about 0-0016 g. of arsenic was found 
to be required to reduce the activity of 1 g. of platinum to one-half 
of its original value; but this ratio will necessarily be influenced by 
the degree of subdivision of the platinum. 


EXPERIMENTAL. 


The apparatus employed is shown diagrammatically in Fig. 1. 
Electrolytic oxygen, which was passed through the apparatus at 


a known constant rate, was freed from traces of hydrogen by 
passage through a tube, A, containing platinised asbestos and heated 
in an oil-bath, following which it was dried by means of sulphuric 
acid, and allowed to flow, together with sulphur dioxide, over the 
catalyst. The sulphur dioxide was similarly dried and, by opening 
the stopcock C and closing HZ, a constant volume of the gas was 
stored in the reservoir B, which had a capacity of approximately 
80 c.c. This reservoir contained petroleum as the sealing liquid, 
which was forced into D by the pressure of the gas. For each 
experiment, the constant volume of sulphur dioxide was, by the 
‘action of the head of oil in D, allowed to flow, together with the 
oxygen,'over the catalyst, the height of D being sufficiently above 
BR that pf B to cause an approximately uniform rate of flow through- 
out the run. In each case, the time of passage of the above volume 
ing far dioxide was 30 minutes, the rate of flow of oxygen being 
9, 


c.c. per hour. 
3a 2 
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The catalyst tube, which is shown at F, had a capacity of about 
6 c.c., and contained 0-35 g. of platinum, supported on pumice and 
prepared by the reduction of platinic chloride with hydrogen. It 
was heated by immersion in a mercury bath, which contained a 
thermostat, by means of which the temperature was maintained 
at 300° with a maximum variation of 2°. The products of the 
oxidation were passed through two small wash-bottles in series, 
containing iodine solution, in order to determine—by titration with 
thiosulphate—the volume of sulphur dioxide which remained un. 
oxidised, the original volume of sulphur dioxide being in each case 
accurately calculated, by correcting the volume of B for the pre. 
vailing conditions of temperature and pressure. All parts of the 
apparatus were sealed together, with the exception of the two 
wash-bottles which had to be detached for analysis and were 
connected by ground-in joints. 

The solution used for poisoning the platinum contained 0-5 mg. 
of arsenic per c.c., and was prepared by dissolving the appropriate 
amount of arsenious oxide in water containing the requisite quantity 
of sodium hydroxide. After the initial activity of the catalyst 
had been measured, a known weight of poison was introduced by 
adding the required volume of the above solution, the water being 
removed by gentle heating in a current of oxygen. The activity of 
the partially poisoned catalyst was now determined, following 
which a further quantity of inhibitant was added, and the measure- 
ment of activity repeated, a series of readings being taken at each 
stage of poisoning. In order to obtain consistent results, it was 
found necessary, before beginning a test, to allow the sulphur 
dioxide and oxygen to flow for some time over the catalyst under 
the conditions subsequently used; and, with this precaution, the 
method of control and analysis was found to be sufficiently accurate 
to give reasonably consistent and reproducible results, as is shown 
by the agreement of the duplicate runs. 

The results of the measurements are in Table I. The average 
values of the activity at various stages of inhibition have been 
plotted graphically in Fig. 2 in order to show the form of the 


TaBeE I. 
As con- G. As per 
tent, mg. g. Pt. % of SO, oxidised. 
0 15-10, 15-26, 15-12, 15-02, 15-15 
0-00071 12°12, 12-30, 12-33, 12-39, 11-82, 12-06 
0-00143 8-56, 8-48, 8-18, 8-90 
0-00214 6-99, 6-68, 6-63 
0-00357 6°23, 5-68, 6-65, 6-31, 6-50 
0-0050 6-08, 6-26, 6-11 
0-0079 5-65, 5-55 
0-0286 4-07, 3-99 
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poisoning curve. The approximately linear first portion is clearly 
marked, and after about 0-7 mg. of arsenic, a region of the curve 
js reached in which the slope towards the activity axis is far less 
than in the first stages of poisoning; for the first 0-7 mg. of arsenic 
reduces the activity to 45% of its original value, and a further 


Relative activity of catalyst. 


bas tenner tg: 


| 
| 


| 

| 
1 2 3 
Arsenic content (mg.). 


43 mg., t.e., 13 times the first weight of poison, only depresses the 
activity from the above value to 26% of the original activity. 
This is in agreement with the form of curve previously obtained 
for reactions involving the hydrogenation of an ethylenic linkage 
in the presence of a solid catalyst and for the decomposition of 
ydrogen peroxide. 


38, WaLLIScoTE Roan, 
WESTON-SUPER-MARE. [Received, April 24th, 1928.] 


CCIX.—On Selenium Tetrafluoride. 


By EpMunpD BrypecEs RupHALL PripEavx and CHARLES 
BERESFORD Cox. 


bY passing fluorine over selenium contained in a boat and placed 
a copper tube, Lebeau (Compt. rend., 1907, 144, 1042, 1047) pre- 
ared a colourless liquid, which, according to his description, had 
me properties which differed considerably from those we attribute 
selenium tetrafluoride; but which bear certain resemblances to 
lose of the oxyfluoride or of the mixture SeO, + 4HF (see table). 
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The analysis of Lebeau’s fluoride corresponded closely to the 
formula SeF,, and he was not able to understand why the fluorin. 
ation stopped at this point. It was suggested, however, by Ramsay 
(Compt. rend., 1907, 144, 1196) that the presence of copper as a 
reducing agent might have this effect. On another occasion, 
Lebeau (ibid., 145, 190) succeeded in preparing a gaseous mixture, 
which (when analysed by means of sodium in liquid ammonia) had 
a composition approximating to SeF, but which contained about 
2% of selenium in excess of the theoretical. The presence of a 
little sodium selenite with the selenide which was formed by treat- 
ment with sodium, suggested to him the presence of a little selenium 
oxyfluoride. Although it seems improbable that this would remain 
after storage over mercury, yet it might very probably have been 
formed by the reaction, since fluorine as prepared by Moissan’s 
method is always liable to contain ozone and oxygen. It is also 
difficult to purify the fluorine completely from hydrogen fluoride 
carried up from the electrolyte, and this together with the oxy- 
fluoride might well have given a mixture having the correct ratio of 
selenium to fluorine. The analytical results were expressed as a 
ratio: there is no statement that they were referred to a weighed 
portion of the liquid, as was done in our analyses. 

There is at present, then, some doubt as to the existence of a 
lower fluoride of selenium. The hexafluoride, a stable gas which 
did not attack glass, was prepared later in a somewhat impure form 
by Lebeau, using the same reaction which had previously given the 
corrosive liquid. The mode of origin and properties of the latter 
would therefore seem to require further investigation. 

We have now prepared the lower fluoride of selenium by another 
method, viz., the interaction of selenium tetrachloride and silver 
fluoride. This method excludes the presence of moisture or hydrogen 
fluoride or a higher fluoride of selenium. 


EXPERIMENTAL. 


The selenium tetrachloride, prepared in the usual manner from 
the dry reagents, was kept in sealed sections of glass tube. The 
silver fluoride was prepared by the method of Ruff (see this vol. 
p. 739). The fluoride (4—5 parts) and the chloride (1 part) wer 
mixed in the platinum bottle or the platinum crucible contained 1 
the large monel metal pot. The reaction was started by heating 
to 50—60° and then proceeded vigorously. On distillation, 
colourless, fuming liquid passed over, which was analysed in fractions 
and gave results corresponding to SeF, (J., 1927, 928). As in the 
case of the oxyfluoride, it was necessary to redistil the product from 
silver fluoride in order to remove the chloride completely. The 
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yields were low for the reasons already given, but in this case were 
further reduced by the formation of some oxyfluoride. The analysis 
of our first product showed a surplus of selenium corresponding to 
a considerable proportion of this compound. Although it is probably 
the first product of the hydrolysis of the tetrafluoride, we do not 
consider that more than a verysmallamount could have been formed 
by contact with ordinary moist air, which was, of course, avoided 
as far as possible. The presence of the oxyfluoride was more 
probably due to the unavoidable presence in the silver fluoride of 
silver oxide which could give oxyfluoride, either via SeO, and SeF, 
or via SeOCl, and 2AgF. On account of this difficulty, the physical 
properties of the tetrafluoride as given in the table have probably 
not been defined so well as those of the oxyfluoride. In the next 
preparation, 9-14 g. of selenium tetrachloride gave 5-12 g. of dis- 
tillate, the last portions of which appeared slightly milky, perhaps 
owing to the separation of selenium dioxide. On mixing with the 
rest of the distillate it became clear. On being redistilled below 140° 
it yielded 4-42 g. of distillate, i.e.,73-5% of that theoretically obtain- 
able from the tetrachloride taken. This product, analysed by 
different methods, gave 52-1—51-0% of selenium and 47-2—47-7% 
of fluorine. 

Physical Properties —The density was determined in the monel 
bottle (this vol., p. 739). It was slightly higher than that of the 
oxyfluoride and much higher than that of the corresponding mixture 
of selenium dioxide and hydrogen fluoride. 

The boiling point was determined in the monel metal bottle. A 
rapid stream of bubbles began at 91-0° and continued steadily as the 
temperature was slowly raised to 95°. Heating was continued, 
util at 124° the bubbles recommenced and continued steadily at 
that temperature. Since this is the boiling point of selenium 
oxyfluoride, it is evident that the very small quantity of liquid 
taken (about 0-4 c.c.) had gained more oxyfluoride by hydrolysis at 
some stage. 

Melting point. The liquid solidified rapidly and completely at 
~70°. As only 1-476 g. were available for this determination, it 
was carried out by inspection in a very small platinum crucible 
which was contained in a glass tube coated inside with a transparent 
varnish. The pentane thermometer, protected with platinum foil, 
was inserted so that the bulb was just covered, and the liquid was 
frozen quickly and allowed to warm slowly. No liquid was seen at 
~13-0°, whilst all was liquid at —10°. On taking temperature— 
time readings, a halt was noticed, with oscillations, at —13-0°. 
The plotted curve showed an inflexion beginning slightly below this 
point and the melting point from the graph appeared at about 
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—13-5°. It was therefore much lower than that of the oxyfluoride 
but much higher than that of Lebeau’s preparation. 

Chemical Properties.—With silicon (crystalline) an immediate 
reaction was observed in the cold. This was then carried out in the 
monel metal boiling-point bottle, which was connected with a 
nitrometer filled with mercury. The gas collected was silicon 
tetrafluoride. There was a residue of red selenium in the bottle. 

Sulphur gave no reaction in the cold. 

Red phosphorus gave a strong reaction with the production oj 
gaseous fluorides, apparently both PF, and POFs, and a residue of 
red selenium and selenium dioxide. The preparation of selenium 
fluoride, however, contained some oxyfluoride. 

The chemical properties common to selenium tetrafluoride, 
selenium oxyfluoride, and solutions of selenium dioxide in hydrogen 
fluoride are : 


(1) Strong and complete attack of glass. 

(2) Complete hydrolysis by water with evolution of heat and 
formation of selenious and hydrofluoric acids. 

(3) No effect, or only a very slight one, on clean copper. 


The chemical properties which show differences are : 


(1) The attack on silicon seemed to be directly proportional to 
the amount of combined fluorine. For a given ratio of fluorine to 
selenium, it was much greater when the fluorine was present as 
hydrogen fluoride. 

(2) The attack on red phosphorus seems to be proportional to 
the amount of selenium present in combination or solution, and is 
inhibited by an excess of hydrogen fluoride. 


Properties of the lower fluorides of selenium and of a solution 
of selenium dioxide in hydrogen fluoride. 


SeF, (authors), Sel’, (Lebeau). SeO, + 4HF. SeOF;. 
Density. ......... 2°77 _— 2-09 2-67 
, eee —13-2° Solid at —80°. Below about —30° +4:-6° 
$e0.,5HF crys- 
tallises. 
B. p. Above 100°. Indefinite. +124° - 
Effect giving None at b. p. Strong, giving Very slight in 
SiF, and Se. SiF, and Se. ; on heat- 
, gives SiF, 
and Se. 
Effect on S. ...None in cold. None at 100°. Similar to SeOF,. None in cold; oD 
heating, gives 4 


Effecton P....Red P. Strong White P. Vivid None until excess 
action. Gaseous action: gaseous of HF boils off, 
fluorides, Se and fiuorides and then strong. 
SeO,. (Sample Se. SeO, formed. 
contained 
SeOF;.) 


There are still outstanding points in connexion with these com 
pounds which we hope to investigate. 
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In conclusion, we wish again to acknowledge a grant from the 
Royal Society to one of us, with the aid of which the indispensable 
apparatus was acquired. 


Universrry Cortece, Norrrncuam. [Received, April 23rd, 1928.] 


(CX.—The Laws of Aromatic Substitution. Part VIII.* 
By BERNHARD FLURscHEmM and Eric Leicuton HotmEs. 


AccORDING to the theory evolved by one of us, reactivity is governed 
by three internal factors: the amount of affinity available at the 
reacting atom (quantitative factor q); the nature of this affinity 
(polar factor p); and the degree of spatial obstruction (steric factor 
s). In-so far as the problem of substitution in the benzene ring is 
concerned, the steric effect on positions 3 and 4 exercised by a 
substituent in position 1 may be neglected. On the other hand, 
its polar effects on positions 3 and 4 will generally not be the same, 
but until recently empirical evidence appeared to indicate that the 
difference of the polar effects on the nuclear carbon atoms in positions 
3and 4 was not large enough to produce an appreciable modification 
of their relative reactivities as determined by the quantitative effect. 

On the other hand, Robinson has repeatedly stated that he regards 
the polar effect (which, according to his theory, would be an 
electrostatic effect) as one of the chief factors governing aromatic 
substitution. In Part V (J., 1926, 1562) we have shown that 
Robinson’s view [but not the electrostatic mechanism on which it 
is based, against which we have adduced arguments (J., 1926, 
1566) which have not been refuted] is justified when the quantitative 
effect is not very pronounced and when, at the same time, the 
polar effect is at its maximum through proceeding from an actual, 
wdisputed, electrical charge, viz., the charge on an electrolytic 
ion.t When, however, the polar effect originates in an accumulation 

* In Part VII (this vol., p. 453), two important errata in the proofs have 
escaped our attention: On p. 466, section V, first line, ‘‘ bromomalonic ” 
should read ‘‘ bromonitromalonie ”’; and on p. 474, lines 5 to 3 from the 
bottom, a sentence describing the recovery of pure m-bromobenzoic acid from 
titration 13 has been transposed: it should read “. . . 0-160 g. of m-bromo- 
benzoic acid (m. p. 143—145°; 152-5—153° on further recrystallisation ; 
nixed m. p.) and 0-045 g. melting at 148—156° (nitrobromo-acids. . . .” 

+ The first recognition of the effect of electrolytic dissociation on aromatic 
wubstitution, and its application to benzoic acid and salts of the benzyl- 
ammonium series, are to be found in a publication by one of us in Chem. 
and Ind., 1926, p. 43, issued on Jan. 15th, 1926. Since that date, papers 
by Soper and Smith and by Ingold and co-workers have been submitted in 
which the effect of electrolytic dissociation on aromatic substitution (e.g., in 
phenols) has been further discussed. 
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of uncharged groups of strongly polar nature, our early experiments 
on the nitration of phenylbromocyanonitromethane appeared to 
indicate that it can be neglected. Since, however, substitution in 
this compound, as we now know it to be constituted (see Part VII), 
is favoured in one and the same position by both effects, it appeared 
desirable to examine the behaviour of substances containing lateral 
substituents the polar effect of which—if it preponderated—would 
cause substitution to occur mainly in positions other than those 
required by the quantitative factor. 

Hitherto no examination of the directive effect has been made 
with a toluene derivative having all its methyl-hydrogen atoms 
replaced by such “ negative’ substituents as would, if directly 
attached to the nucleus, cause preponderating m-substitution and 
which, when attached to the «-carbon atom, should accordingly— 
if the quantitative (alternating) effect alone were considered—have 
an o-p-directive influence. Indeed, no such compounds appear to 
have been prepared hitherto, with the exception of tribenzoylphenyl- 
methane (Meisenheimer and Weibezahn, Ber., 1921, 54, 3195)—an 
unsuitable material owing to the presence of several phenyl groups. 
We have succeeded in obtaining three such compounds. The prepar- 
ation and nitration of one of them—ethyl phenylmethanetricarboxylate 
[ethyl toluene-xx«-tricarboxylate, CPh(CO,Et),|—are described below. 
For comparison, compounds have also been examined in which some 
or all of the lateral substituents are groups which in direct attachment 
to the nucleus would be o-p-directing. In the present communication 
we submit quantitative determinations, by our new method (compare 
Part VI), of the directive effects in the complete series 
CH,PhCl, CH,Ph:CO,Et ; 

CHPhCl,, CHPhCl-CO,Et, CHPh(CO,Et), ; 
CPhCl,, CPhCl,-CO,Et, CPhCl(CO,Et),, CPh(CO,Et), ; 
together with two bromo-compounds, CH,PhBr and CPhBr(CO,Et),. 

The theoretical conclusions suggested by these experiments will 
be discussed in detail in Part IX, in conjunction with those indicated 
by a further series of investigations. Meanwhile it may suffice to 
summarise the following general points : 

1. Qur results with ethyl phenylmethanetricarboxylate constitute 
the first case of preponderating m-nitration in the exclusive presence, 
at the «-carbon atom, of such substituents as would be m-directing 
if directly attached to the nucleus.* 

* Phenylnitromethane, which has long been known to be preponderatingly 
m-directing, might be supposed to come under this definition. But in Part X 
we shall adduce support for its formulation as an equilibrium, PhCH,-NO,= 
ia «staat in which the bridge form must be regarded as responsible for 
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2. Where the quantitative factor is not very pronounced—e.g., 
at an «-carbon which neither forms part of an ethylenic or acetylenic 
group nor is linked to substituents possessing a much higher or 
lower affinity demand than hydrogen—and where at the same 
time the polar factor is very pronounced—e.g., in the case of an 
s-carbon atom directly linked to an atom charged through electro- 
lytic dissociation, or to several substituents of distinct and similar 
polarity—there the quantitative factor may be overborne by the 
polar effect. 

3. But even in such extreme cases the quantitative factor can be 
distinctly traced. For instance, the electrolytic dissociation con- 
stants of aromatic acids and bases, substituted in the m- or 
p-positions by chlorine on the one hand, by carbethoxyl on the 
other, show that the polar effect transmitted from these positions 
is greater with carbethoxyl than with chlorine. The m-directive 
effect, however, as evidenced by the results given below, is less for 
earbethoxyl than for chlorine (with the exception of one case 
where it is equal within the experimental error). Since this quan- 
titative factor—which, as will be shown in Part IX, is much more 
obvious where the postulated affinity demand is very high and 
polarity is less pronounced—appears to be capable only of a non- 
electronic interpretation (at any rate, when it is transmitted through 
a “single’”’ bond), a non-electronic interpretation appears to be 
also involved for the polar effect. 

4. We interpret * the polar effect as an influence of the nature 
of the chemical affinity of one atom on the nature of the chemical 
affinity of other atoms in the molecule. We regard chemical affinity 
as the resultant of a distinct chemical attractive force component (one 
of four different kinds of forces inherent in an atom, the other three 
heing electrostatic, magnetic and gravitational) and an electropolar 
component. In a free atom both these components will emanate 
more or less evenly from the whole surface of the atom. Com- 
bination of atoms must produce a redistribution of these com- 
ponents along the atomic surface, resulting in an equilibrium; the 
density of the lines of force of components which attract each other 
being increased round the point of closest approach between the 
atoms, the reverse occurring in the case of components which repel 
each other. Round the point of closest approach, therefore, an 
increase of density must take place for the lines of force of the 
chemical component and for electropolar components of opposed 
sign; for electropolar components of the same sign there must 
result a decrease of density round the point of closest approach 
between the atoms, and an increase of density at remote points of 


* This should be read in conjunction with Part V (loc. cit.), pp. 15663—1564. 
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the surfaces of the atoms. In this way, the polar component, by 
a process of inductive transmission (see Flirscheim, J. pr. Chem., 
1907, 76, 189, for comparison with electrostatic induction)—without 
the participation of any electrons—is propagated throughout a chain. 
This polar effect gradually falls off with the number of intervening 
atoms (a necessary consequence of the establishment of an equi- 
librium), and is transmitted from one atom to another (as postulated 
by one of us in previous papers) to an extent which is a direct 
function of the affinity content of (i.e., the number of lines of force 
participating in) the bond between them. 

According to our theory of aromatic substitution, this polar 
effect is, in an overwhelming majority of cases, transmitted to the 
p-position to a greater extent than to the m-position. This is due 
to the direct affinity exchange between p-atoms postulated by 
Werner’s benzene formula ( Vierteljahrschr. Ziiricher Naturforsch. Ges., 
1891, 36, 1). Only where this residual affinity exchange has been 
considerably reduced is the reverse to be expected. The exact 
extent to which such reduction must take place in order to obtain 
a greater polarity transmission to the m-position is an empirical 
question; present indications suggest that to bring about this 
result a substituent with a pronounced affinity demand must be 
present at each end of the residual p-bond; in such cases (for 
instance in quinol) the molecule is more or less in a state approxim- 
ating the quinonoid (compare Fliirscheim, J. pr. Chem., 1907, 76, 
203). At any rate, all compounds of the class examined below are 
well within this border line. At all their nuclear carbon atoms, 
electropolar components of the same. sign as those of the lateral 
substituents are shifted in a direction away from the bonds leading 
to these substituents, and this shift is greater at the p- than at the 
m-carbon atoms. A nitric acid molecule, when approaching these 
atoms, will find at the accessible (unoccupied) portion of their 
surfaces more free affinity in the p- than in the m-position, but in 
this free affinity the electropolar component—of the same sign as 
that in the atoms constituting the nitro-group—will predominate 
more .at the p- than at the m-carbon atom. The result is sub- 
stitution at either atom, in a proportion determined by the relative 
preponderance of the two conflicting factors. 

5. The fact remains, however, that the existence of a polar effect 
on the relative degree of m- and p-substitution was first postulated 
by Robinson. For o-substitution it had been postulated by one of 
us long ago. 

Table I contains the results calculated from our experiments. 

The numbers of the nitrations in Table I correspond to the 
numbers in Table II. The zatio m/o + p has been adopted as the 
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standard of comparison because it immediately indicates the relative 
degree of nitration in these positions, whereas the usual ratio 
m/o +p +m does not. With the exception of benzal chloride, 
agreement with earlier results in the five cases where such were 
available is moderate to poor. 


EXPERIMENTAL. 


Methods.—(a) Nitration. Compounds containing no mobile hal. 
ogen were nitrated in Kahlbaum’s nitric acid, d 1-52. For the 
nitration of compounds containing mobile halogen, a mixture of 
this acid and acetic anhydride was used (compare Holleman, Rec. 
trav. chim., 1914, 33, 1). Benzyl chloride was nitrated both ways 
(see Nos. 1 and 2), and the results show that these two nitrating 
media yield values which are identical within the experimental 
error. Hydrolysed halogen was determined by treating the whole 
of the diluted and repeatedly extracted spent acid with excess of 
silver nitrate. The carbethoxy-group remained unaffected during 
nitration, apart from traces of hydrolysis which were determined 
by extraction of the products of nitration with bicarbonate. The 
yields on nitration, allowing for the determined amounts of un- 
nitrated material, varied between 95-5% and 100% of the theoretical. 
In one case—benzyl chloride in nitric acid alone—the yield was 
calculated to be 101-8% of the theoretical for complete mono- 
nitration. This indication of the presence of a small quantity of 
dinitro-product was not contradicted by the result of the reduction 
and bromination of the corresponding acids, since the melting 
point of the tribromoaniline obtained was slightly low, which it 
would be if the base were contaminated with a little tribromo- 
m-phenylenediamine. 

(b) Determination of the isomerides. Oxidation of the products 
of nitration to the acids was carried out according to the method 
described in Part V (loc. cit.), alkali being, however, added in 
proportions calculated for each compound so as fully to neutralise 
any acids produced from its side-chain by oxidation. The acids 
were then reduced, brominated, etc., as described in Part VI. 

Preparation of the Substances used.—(a) Ethyl phenylmethanetri- 
carboxylate. 25 G. of ethyl phenylmalonate were added, 2 g. ata 
time, to 100 c.c. of sodium-dried ether containing 2-5 g. of sodium 
wire. As much as possible of the ether was then decanted from 
the sodium salt which had separated, and a further 80 c.c. of dry 
ether and 15 c.c. of ethyl chloroformate were added with good 
water-cooling. The sodium salt disappeared and a gelatinous mass 
took its place. The mass was shaken for 7 hours (although the 
reaction appeared to be over at the end of 1 hour), and water then 
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added. The ethereal layer, when dried and evaporated, left a 
residue which distilled as a colourless, viscous oil, b. p. 154—155°/ 
15 mm. (Found: C, 62-3, 62-4; H, 6-6, 6-65. C,,H. 90, requires 
C, 62°3; H, 6-5%). 

(b) Ethyl phenylchloromalonate. 10 G. of ethyl phenylmalonate, 
dissolved in 30 c.c. of carbon tetrachloride, were saturated at 0° 
with dry chlorine gas and left for 16 hours. After removal of the 
solvent, the residue was distilled under reduced pressure, giving 
2 g. of a fraction, b. p. 70—140°, and 7 g. of the desired ester as a 
colourless, fluid oil, b. p. 1483—144°/2—1-5 mm. [Found: Cl (Carius), 
13-0. C,3H,,0,Cl requires Cl, 13-1%]. 

(c) Substances already known. The remaining compounds used 
had the following distillation points: benzyl chloride, 177—177-5° ; 
benzyl bromide, 197—198°; benzal chloride, 203—203-5°; benzo- 
trichloride, 213—213-5°; ethyl phenyldichloroacetate, 258—259° ; 
ethyl phenylbromomalonate, 156—157°/2 mm.; ethyl phenyl- 
acetate, 226—227°; ethyl phenylchloroacetate, 108—109°/2 mm. ; 
and ethyl phenylmalonate, 151°/8 mm., 140°/3 mm., 135°/1—1-5mm. 

Nitrations.—The conditions and actual weighings in connexion 
with all the nitrations included in Table I are to be found in 
Table II. Besides these, nitrations of benzyl bromide and benzal 
chloride in nitric acid (d 1-52) alone were carried out, but were found 
to lead to a very high degree of hydrolysis, with a large increase in 
m-nitration due to the initial formation of benzaldehyde in the 
latter case and, presumably, of benzyl nitrate in the former. For 
instance, 10-3 g. of benzyl bromide added within 2 hours to 83 g. 
of nitric acid (d 1-52) and then poured on ice, etc., yielded 12-244 g. 
plus 0-030 g. of bicarbonate-soluble matter. The spent acid, freed 
from organic material by repeated extraction with ether, gave 
with silver nitrate no less than 4-99 g. of silver bromide. 1 G. of 
the acids obtained by oxidation of the product of nitration yielded 
0-007 g. of benzoic acid, 1-390 g. of tribromoaniline, and 0-610 g. 
of tribromoaminobenzoic acid, corresponding to a ratio m/p + 0 
of 38-6%, compared with the true ratio of 7-45% in the absence of 
hydrolysis (see Table I). 

The standard method of determining the isomerides in the 
nitration product was only departed from (a) in the case of benzo- 
trichloride, where, instead of oxidation, hydrolysis was effected (by 
Holleman’s method) by running 1 part (by weight) of the nitration 
product into 70 parts (by volume) of boiling 20% hydrochloric acid 
within 1 hour and boiling for 2 hours; and (6) in the case of ethyl 
phenylmethanetricarboxylate, where, for the first time within our 
experience with such toluene derivatives, permanganate failed as 
an oxidant—though even here it had to be resorted to at a later 
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stage of the oxidation process. No doubt owing to steric hindrance 
(compare the well-known resistance of the analogously constituted 
esters of triphenylacetic acid to hydrolysis), the side chain was 
attacked so slowly by the permanganate that in the meantime the 
greater part of the product was destroyed by nuclear oxidation. 
Attempts to hydrolyse the ester to the acid (and thereby obtain 
nitrophenylacetic acid) also failed; but initial boiling with dilute 
nitric acid of Baker and Ingold’s concentration, followed by treat- 
ment with permanganate as indicated by us, achieved the desired 
result. 

Our usual method of permanganate oxidation gave 30 mol. % of 
acids, or less. Hydrolysis by 10 parts (by vol.) of sulphuric acid 
(d 1-19) and 4 parts (by vol.) of alechol per part of ester gave, even 
when carried out for 40 hours at 130°, on subsequent oxidation with 
permanganate, only 0-355 g. of acids from 2-45 g. of the ester. 
Hydrolysis by boiling with 5% aqueous sodium hydroxide appeared 
to produce nitrophenols. 

Action of Dilute Nitric Acid on Nitrated Ethyl Phenylmethanetri- 
carboxylate, followed by Treatment with Permanganate.—2-545 G. of 
the nitrated oil were boiled for 12 hours with 40 c.c. of nitrie acid 
(d1-125). The acids formed were then separated from the unaltered 
ester, and the latter was boiled for 12 hours with 30 c.c. of the 
above nitric acid. 0-190 G. of the ester was still unchanged. This 
was boiled for 27 hours with 10 c.c. of the nitric acid and yielded 
0.030 g. of acids and 0-115 g. of ester. This 0-115 g. was oxidised 
for another 27 hours with nitric acid, then with a little permanganate, 
and yielded 0-024 g. of acids, m. p. 115—125°, giving on reduction, 
ete., 0-036 g. of tribromoaniline together with a mere trace of 
tribromoaminobenzoic acid. Similarly, the above 0-030 g. of acids, 
when boiled with permanganate (0-03 g.) for 1 hour, and reduced, 
ete., gave 0-033 g. of. tribromoaniline and a mere trace of the 
amino-acid. The main fraction of the acids (1-305 g.), as indicated 
by its yield, was of higher molecular weight than nitrobenzoic 
acid, but gave the latter, by 1 hour’s boiling with 1-5 g. of per- 
manganate, in a yield of 0-821 g., from which, on reduction, etc., 
(617 g. of tribromoaniline and 1-103 g. of tribromoaminobenzoic 
acid were obtained. In a repetition of the oxidation 3-34 g. of the 
original nitrated oil were boiled with 40 c.c. of the nitric acid for 
9 hours, and the acid and ester fractions were separated. The 
ester fraction was again boiled with nitric acid for 9 hours and 
separated, and so on, such boiling being altogether performed four 
times. The residual ester fraction then weighed 0-301 g. The 
wnited (incompletely oxidised) acid fractions were boiled with 2 g. 
of permanganate for } hour, and the nitrobenzoic acids (1-019 g.) 
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obtained were reduced, etc., yielding 0-745 g. of tribromoaniiline 
and 1-400 g. of tribromoaminobenzoic acid. Since in this repetition 
the acids produced were exposed for a shorter time to subsequent 
destructive oxidation than in the first experiment, and since the 
relative yields of m- and o-,p-acids were identical in both experi- 
ments, the figures obtained may be regarded as conclusive not- 
withstanding the prolonged oxidation. It is seen that the final, 
most resistant, ester fraction contained scarcely any m-isomeride. 
It might be expected that the o-isomeride would be most difficult 
to oxidise in such a case, and the melting point of the nitrobenzoic 
acid (see above) obtained from the residual ester of the first experi. 
ment confirms this by indicating the absence also of the p-isomeride. 
The 0-301 g. of residual ester obtained in the repetition melted at 
78—80°, and, after recrystallisation from petrol (b. p. 60—80°), 
0-248 g. of colourless prisms was obtained, showing the constant 
m. p. 83—84° (Found: N, 4:3. C,gH,O,N requires N, 4-0%). 
The compound is, therefore, ethyl o-nitrophenylmethanetricarboazylat.. 


We desire to record our indebtedness to the Advisory Council of 
the Department of Scientific and Industrial Research, and to the 
Government Grant Committee of the Royal Society, for grants to 
one of us (E. L. H.); also to Sir W. H. Bragg and the Royal Institu- 
tion, who have placed at our disposal the facilities of the Davy 
Faraday Laboratory, where the work was carried out. 
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CCXI.—The Action of Phosphorus Pentachloride oi 
Homophthalic Acid. 


By Wru1amM Davies and Harry Gorpon Poo.e. 


Wir a view to study the relationship of the three possible forms 
of homophthaly] chloride, the reaction of phosphorus pentachloride 
with homophthalic acid has been investigated: instead of homo- 
phthalyl chloride, however, 3-chloroisocoumarin (II) and 3:3:4:4 
tetrachloro-3 : 4-dihydroisocoumarin (V) were formed. Neither 
phosphorus pentachloride nor thionyl chloride seems capable o 
converting homophthalic acid or its anhydride into homophthaly! 
chloride, which is still unknown. 

The explanation of the production of (II) is to be found in the 
existence of homophthalic anhydride in the enolic form (I). Dieck: 
mann (Ber., 1914, 47, 1428) has shown that some of the reaction‘ 
of homophthalic anhydride, and the production of a yellow colou! 
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during hydrolysis (ibid., p. 1435), can be explained by means of this 
formula, and a proof of the existence of (I) in solution is now given. 
The existence of (I) and its conversion into (II) show the great 
resemblance of homophthalic to glutaconic anhydride, which can 
be converted into its chlorine derivative (III) (Bland and Thorpe, 
J., 1912, 101, 864). 

The constitution of 3-chlorotsocoumarin is shown by its conversion 
into homophthalic acid by alkaline hydrolysis, and also by its con- 
version into a compound which is not homophthalanil (Dieckmann, 
loc. cit., p. 1434), and is probably homophthalanilide (IV). 3-Chloro- 
isocoumarin is much less reactive towards non-alkaline solutions 
than a true acid chloride and it distils in steam almost unchanged. 
The formula (II) does not, however, represent some of its properties, 
for despite its “‘ unsaturated ’’ character it is stable towards some 
non-alkaline oxidising and reducing agents and is not attacked by 
bromine in benzene. In some respects the lack of activity shows 
that the double bond is of ‘“‘ aromatic ’’ character. 


CCl,°COCI 
CHO dy 


(VI.) 


CCl,-CCl, CH, OH2CONEPh (ry, 


(V.) CpHy< ) 


CO-O CO-NHPh 

Excess of phosphorus pentachloride converts homophthalic acid 
into an isomeride of dichlorohomophthaly! chloride (VI) which has 
none of the characteristic properties of an acid chloride and is 
changed by hydrolysis into phthalonic acid. It is probably 
3:3:4: 4-tetrachloro-3 : 4-dihydroisocoumarin (V), because of the 
three possible formulz (V, VI and VII), (VI) and (VII) are analogous 
to the two forms of phthalyl chloride and are therefore improbable. 


EXPERIMENTAL. 


Homophthalic Acid.—The best method of preparing homophthalic 
acid is by the reduction of phthalonic acid after the method of Graebe 
and Trumpy (Ber., 1898, 34, 375; Dieckmann and Meiser, Ber., 
1908, 41, 3258, Anm. 1), now that this acid is easily accessible (von 
Braun, Ber., 1923, 56, 2333). The following conditions give phthalonic 
acid, containing less than 0-5% of phthalic acid, in yields up to 82% 
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calculated on the permanganate used. Tetrahydronaphthalene 
(250 g.) is vigorously stirred in 12 1. of gently boiling water while 
powdered potassium permanganate (2000 g.) is introduced in 5 to 
10 g. lots during about 8 hours; tetrahydronaphthalene vapour is 
apt to escape, and the process is finished when the permanganate 
no longer causes a vigorous reaction. Von Braun does not state the 
proportion of water to the permanganate or tetrahydronaphthalene 
used, and our experience is that a small quantity of water makes 
the reaction difficult to control and notably increases the quantity 
of phthalic acid produced. This important point has also escaped 
Cornellot (Ann. Chim., 1927, 7, 281), and the presence of our 
relatively very large proportion of water renders Cornellot’s delicate 
temperature control unnecessary, provided that the apparatus has a 
thoroughly efficient condenser such as of the Munich worm type. 
The phthalonic acid is worked up after von Braun, and our yields 
are intermediate between his and those of Cornellot. The con- 
version into homophthalic acid has been carried out almost quan- 
titatively on a large scale; if the phthalonic acid is moist, or the 
hydriodic acid weaker than the constant-boiling mixture with water, 
a small quantity of phthalidecarboxylic acid (m. p. 152°, identified 
by the method of mixed melting points) is produced. This is 
separated from homophthalic acid by means of its greater solubility 
in water. The homophthalic acid so produced melts at 181°, and its 
anhydride at 141—142°. 

Proof of the Existence of the Enolic Form of Homophthalic Anhydride 
(I).—Dieckmann (loc. cit., p. 1429) states that homophthalic 
anhydride shows no distinct reaction with ferric chloride, but this 
can be obtained as follows: A dilute alcoholic solution of homo- 
phthalic anhydride is treated with N/10-potassium hydroxide, the 
cold yellow solution made faintly acid with dilute sulphuric acid, 
and a drop of ferric chloride solution immediately added. A bluish- 
violet coloration is produced which lasts a considerable time. If 
many minutes are allowed to elapse between the addition of the 
sulphuric acid and of the ferric chloride, the coloration is very faint 
or non-existent. 

3-Chloroisocoumarin (I1).—A tarry mass is produced when homo- 
phthalic anhydride is heated with phosphorus pentachloride and a 
small quantity of phosphorus oxychloride, but when homophthalic 
acid (20 g.: 1 mol.) is heated with phosphorus pentachloride (50 g. : 
10°% excess of 2 mols.) and phosphorus oxychloride as solvent (50 g.) 
for 3 hours at 140—150°, a smooth reaction ensues. The phosphorus 
oxychloride is removed by distillation in a vacuum, water added, 
and the 3-chloroisocoumarin distilled in steam. The product (about 
5 g.) is readily obtained almost pure (m. p. 95°) by crystallisation 
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from light petroleum, but is obtained quite pure by crystallisation 
from ethyl ether. 3-Chloroisocoumarin forms lachrymatory white 
needles, m. p..98-5—99°, b. p. about 150°/5 mm., and is very soluble 
in ether, benzene and alcohol, moderately easily soluble in light 
petroleum, sparingly soluble in hot and practically insoluble in cold 
water, from which it can be crystallised. The solutions of the 
ure substance in organic solvents have a strong blue fluorescence 
(Found : C, 59-5; H, 2-6; Cl, 19-5; M in benzene, 177; by Rast’s 
method, 207. C,H,O,Cl requires C, 59-8; H, 2-8; Cl, 197%; 
¥, 180-5). When it is boiled with a solution of excess of aniline 
in benzene, and the mixture kept for 48 hours, homophthalanilide 
(IV) is slowly precipitated; this crystallises from alcohol in very 
lng, thin needles, m. p. 231:5°, which become electrified when 
shaken in a glass bottle or stirred with a glass rod (Found: N, 
$3, 8-5. C,,H,,.0,N, requires N, 8-5°%). 

3-Chlorozsocoumarin is remarkably stable towards neutral or acid 
hydrolytic agents, no hydrogen chloride being obtained by boiling 
its aqueous or alcoholic solutions for a short time. It is also stable 
to prolonged treatment with boiling formic acid, sodium iodide in 
boiling acetone solution, hydriodic acid, and zinc with acetic acid. 
The chlorine atom is more labile in alkaline media. 3-Chloroiso- 
coumarin in dry benzene reacts very slowly with dry ammonia, but 
when a trace of moisture is introduced by exposure to the atmosphere 
the reaction mixture rapidly becomes yellow, brownish-green, and 
fnally bluish-green. From the green precipitate by solution in 
benzene a small quantity of colourless needles, m. p. 126°, is isolated. 
This substance is almost certainly o-carboxyphenylacetonitrile (see 
Haworth and Pink, J., 1925, 127, 1370). 

3-Chloroisocoumarin reacts readily with aqueous sodium hydroxide 
toform a yellow solution, and the ultimate product is homophthalic 
wid (this and the anhydride from it were identified by the method 
of mixed melting points). The yellow solution reduces perman- 
gnate to manganate instantly, but when it is boiled or acidified 
it loses its colour and reducing properties. 3-Chloroisocoumarin 
itself does not reduce potassium permanganate in neutral acetone 
wlution. The qualitative behaviour of homophthalic anhydride 
in sodium hydroxide solution towards heat and towards potassium 
permanganate is the same as that of 3-chlorotsocoumarin, the view 
that the chlorine atom is replaced by the —ONa group thus being 
confirmed. 

3:3:4:4-Tetrachloro-3 : 4-dihydroisocoumarin (V).—Homo- 
phthalic acid (54 g.), mixed with phosphorus pentachloride (250 g. : 
{mols.) and phosphorus oxychloride (100 g.), was heated for 8 hours 
at 140—150°, and the phosphorus oxychloride and the residue were 
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then distilled in a vacuum. The main fraction (40 g.), b. p. 170~ 
190°/21 mm.., solidified on cooling. A further quantity of crystals 
was obtained by the addition of light petroleum (b. p. 80—100°), 
and crystallisation from this solvent gave pure 3:3: 4: 4-tetm. 
chloro-3 : 4-dihydroisocowmarin (12 g.) in white, compact crystals, 
m. p. 122° (Found : C, 38-2; H, 1-8; Cl, 49-5; UM, by Rast’s method, 
266. C,H,O,Cl, requires C, 37-8; H, 1-4; Cl, 49-6%; M, 286) 
It slowly reacts with excess of aniline in hot benzene to produce a 
chlorine-free anilide, m. p. 225°, which is quite distinct from the 
anilide previously described, m. p. 231-5°. 

The dihydroisocoumarin, which is further attacked by phosphorus 
pentachloride at high temperatures to give an oily mixture, resembles 
3-chloroisocoumarin in the general inertness of the chlorine atoms, 
and in this case even the hydrolysis in boiling aqueous-alcoholic 
sodium hydroxide solution is extremely slow. The product of 
hydrolysis is phthalonic acid. This was identified by conversion 
into a compound (cream-coloured, felted needles, m. p. 239°) with 
p-nitrophenylhydrazine which was also obtained from an authentic 
specimen of phthalonic acid. 
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CCXIL.—On Active Nitrogen. Part V. The Decay 
of the Nitrogen After-glow. 


By Eric Jonn Baxter WILLEY. 


In searching for information which would reconcile the evidence 
as to the energy and nature of active nitrogen, as presented in the 
present series of papers, with the results obtained by spectroscopists, 
it appeared that a study of the decay process of the glow would 
probably be of considerable value. Lord Rayleigh has shown 
(Proc. Roy. Soc., 1912, A, 86, 262; 87, 179) that the glow trans- 
formation is multimolecular, whereasthe resultsof Angerer (Physikal. 
Z., 1921, 22, 97) and of Bonhoeffer and Kaminsky (Z. physikal. 
Chem., 1927, 127, 385) indicate that it is bimolecular with regard 
to the active nitrogen. The assumption of a simple process of 
recombination of nitrogen atoms, as postulated by Angerer and to 
a certain extent by Bonhoeffer and Kaminsky and others in explans- 
tion of this result, is open to certain formidable objections, viz. 


(a) the negative temperature coefficient of the glow decay (Rayleigh. 


loc. cit.), and (b) the familiar and marked destructive effect of the 
surrounding gas on the glowing nitrogen, first observed by Rayleigh 
(Proc. Roy. Soc., 1916, 92, 438). 


| 
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In Part I (J., 1926, 1804) it was suggested that there are some 
points of similarity between the nitrogen glow-decay process and the 
reaction 2NO + O, —> 2NO,, which has been shown by Bodenstein 
and Lindner (Z. phystkal. Chem., 1922, 100, 68) to be kinetically 
of the third order and to possess a true negative temperature 
efficient. If this hypothesis be correct, the total pressure of the 
nitrogen will exert a great influence on the decay process of the glow, 
and the present communication describes an investigation of the 
matter. 

EXPERIMENTAL. 


Nitrogen purified as before (Part I, J., 1926, 1804) was drawn 
ria the tap Al, through the capillary choke B, the discharge tube C, 


Fig. 1. 
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‘Bthe observation tube D, and the tap A2 to exhaust at E (see Fig. 1). 
‘§lvo manometers, one vertical (Fl) and the other inclined (F2), 
‘rere provided, and a cadmium trap for mercury vapour (omitted 
fom the diagram) was interposed between the manometers and the 
ms line; this last arrangement was deemed advisable since the 
quantity of mercury vapour gaining access to the discharge even at 
‘#rdinary temperatures is sufficient to produce a noticeable fouling 
{the apparatus after continuous running for a week or two. Alumin- 
lum electrodes were used as before. The discharge was obtained 
ftom the 100-cycle converter and transformers mentioned in the 
Mevious paper, and could, if desired, take 300 milliamps. at 10,000 
‘olts on full load ; this was greatly in excess of normal requirements 
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and an r.m.s. current of 20 milliamps. was generally used, fou 
quart-size Leyden jars being provided in parallel with the discharge 
as shown. A brilliant glow was obtained when the gas was dram 
through the apparatus at flow speeds up to 3500 c.c./hr. (at N.7.P) 
and pressures of 10 mm.andless. Before being fitted, the discharge 
and observation tubes were cleansed as already described (Part |) 
and the electrodes submitted to a long preliminary run in another 
tube to free them thoroughly from gas. D was about 1} m. loy 
and of 2 cm. internal diameter, and all glass parts were heated a 
strongly as possible under a pressure of 0-0001 mm. before starting 
the experiments. 

The intensities of the glow were measured by means of an 
Eastman colorimeter (Nature, 1926, 118, 30; see also Jones, 
J. Opt. Soc. Amer., 1920, 4, 420). The observation field of this 
instrument is divided into upper and lower halves, one giving direct 
vision of the substance to be examined, and the other being illumin. 
ated by a small constant-current glow lamp, the light from which 
passes through four wedges of gelatin dyed respectively red, green, 
blue, and “ neutral” or grey. These wedges can be introduced to 
any degree desired, either singly or in combination, according to an 
arbitrary scale which reads from 0 to 50 for each. Since the colow- 
quality of the glow does not appreciably alter during decay, the 
process can conveniently be followed by matching the initia 
intensity by means of the red, green, and blue wedges and intro- 
ducing the grey as the luminosity decreases with the passage of the 
gas along D. The instrument was mounted so as to be movable 
parallel to the observation tube and at a fixed distance, its position 
being read by means of a pointer on the base which moved along: 
scale placed below the tube containing the glowing gas. The 
intense light from the discharge was screened off by means of black 
cloth, and a similar black background was provided for 
observation tube. 

In the experiment, the glowing nitrogen was first drawn throug! 
the apparatus for some 20—30 minutes in order that the intensity 
often low at first, should rise to its constant value. The comparisol 
and observation fields were then matched, the ‘‘ neutral ’’ wedg 
remaining at zero, the colorimeter was moved along D, and th 
intensities were re-matched at about ten fixed points by means 0 
the ‘“‘ neutral” wedge. Since the reading on this is 50 when full 
introduced, the intensity of the glow on the arbitrary scale of th 
instrument is (50 minus the scale reading of the wedge). This pr 
cedure was repeated on the return journey of the colorimeter toi 
zero position, the points at which the observations were made in thi 
case being half-way betweenthosefortheoutward journey. Measurt 
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ments of the decay of the glow along D were thus obtained under a 
variety of conditions of flow speed and pressure, these being deter- 
mined respectively by a calibrated Venturi meter in the gas line and 
by the tilted manometer F2, the vertical gauge serving to check the 
former. Curves were then plotted showing the relation between 
the square root of the intensity and the time, the latter expressed 
in terms of the distance along the scale below the observation tube. 
Typical results are shown in Fig. 2. 
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Distance along tube D (em.). 


© = 3°6 mm.1150 c.c./hr. LZ = 50 mm. 1150 c.c./hr. 
+ = 7:0 mm. 2200 c.c./hr. 


(Flow speeds given at atmospheric pressure.) 


In order to reduce these observations to a common basis for 
comparison, the following procedure was adopted. Applying 
Boyle’s law, we see that if distances along the observation tube are 
to be taken as expressing times the slopes of the lines as actually 
observed must be multiplied by the gas pressure and divided by the 
flow rate in order that comparable results shall be obtained; it is 
unnecessary to express them upon an absolute basis. The “ cor- 
rected ” slopes X 100 are in Table I, and it will be noticed that the 
greater the pressure the greater the gradient, i.c., the rate of decay 
increases with the gas pressure : moreover, when the logarithms of 
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TABLE I. 


Observed Pressure Flowrate Corrected 

Expt. slope. (mm.). (e.c./hr.). slope, S. log p. 

1 0-051 2200 0-60 
0-178 0-84 
0-062 0-72 
0-086 0-79 
0-036 0-54 
0-094 0-69 
0-188 0-86 
0-039 0-50 
0-180 0-84 
0-076 0-69 
0-03 0-43 
0-15 0-65 
0-03 0-48 
0-06 0-58 
0-17 0-65 
0-136 0-78 
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the slope S and the gas pressure p are plotted against each other, we 
find that the slope of the line thus obtained gives fairly closely 
log S/log p = 3, 7.e., the slope 
varies as the cube of the gas 
pressure (Fig. 3). 

Experiments A3, A4, and 
C5 are doubtful but have 
been included for complete- 
ness. 


2°2 


Discussion. 

Let us follow the consensus 
of opinion and regard the 
after-glow as representing 
the energy of recombination 
emitted either as a whole or 
in part as radiation conse- 
quent upon binary collisions 
among atoms. The glow 
intensity J expressed on an 
arbitrary scale will then be 
proportional to the rate at 
which the atoms are recom- 

<r bining, and if v be their 
concentration at any instant, 
dy /dt = kI, where k is a con- 
stant. If Z be the number of such collisions per second, we have 


Z =v {20° J4xBT/m] - + - 


where co = diameter of nitrogen atom, taken as 1-9 x 10-° cm.; 
m = mass of nitrogen atom, taken as 2:3 x 10° g.; B = Boltz- 
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mann’s constant = 1-37 x 10-16; and 7' = absolute temperature, 
taken as 288°. Hence K (the quantity in the square bracket) = 
105 x 10°”, and 


dv [dé = BI xe KV ioe) oy pen eviies @) 
whence it follows that if a linear relation exists (such as these experi- 
ments show) between /J and t, the decay process is bimolecular 
with respect to the glow-producing system. This is in complete 
agreement with the conclusions of other investigators (vide supra), 
and hence we may write d[N]/dt = K[N}. The slope of the 
JI-t curve should not, however, be affected in any way by the total 
gas pressure, as in these experiments, but be determined solely by 
the constant K; we are thus led at once to the conclusion that the 
decay process is not kinetically a binary reaction except with respect 
to the glow-producing system, assumed atomic. We may examine 
the hypothesis of a ternary reaction as follows. 

By equation (2) we have dv/dt = Kv?, and integration of this from 


an initial concentration of atoms «a when t = 0 to a value v at time 
i, gives 


Rion [favtor K = (a= »)/tav . cy BD 


This is the usual equation for the velocity coefficient in a bimolecular 
raction. Bodenstein and Lindner (loc. cit.) have shown that 
good agreement between calculated and observed values for 
velocity coefficients in the reaction 2NO + O, —> 2NO, may be 


sus tained upon the assumption that the probability of an oxygen 
the @™olecule striking a nitric oxide molecule actually in collision with 
ting Bother bears to the probability of the binary collision the same 
tion @lation as the molecular diameter does to the mean free path (see 


finshelwood, ‘‘ Kinetics of Chemical Change in Gaseous Systems,” 


e or 
nse- @! 111); applying this reasoning to the hypothetical reaction 
ions #-\ + N, —> 2N,, we have, for nitrogen at 10 mm. pressure, 


38 x 10-°° + 4-5 x 104 = 8-4 x 10° as the ratio of ternary to 
binary collisions, 7.e., as the ratio of the rates of the reactions 
‘N + N, —> 2N, and N+ N—>N,. We may then transform 
fyuation (3) to one for calculations in ternary collisions by multiply- 
ing the velocity coefficient K by this quantity. Taking 3 secs. as 
le average visible life of the glow in nitrogen at 10 mm. pressure, 
id assuming that it corresponds to a change of intensity from 
to I/100, i.e., to a change of concentration of atoms from « to v, 
flere y = «/10, we have (from equation 3) 


1 «\ 10 
: 5 — - eer Oe 
K x 84 x 10 =3(« 10) o® 


id since K = 1-05 x 10-2, « = 3-4 x 10% atoms per c.c. Since 
3H 
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the concentration of chemically active nitrogen (1—1-5%) is approxi. 
mately 4 x 1015 molecules per c.c., it follows that the assumption 
of a ternary process renders it just possible for the glowing and 
chemically active forms of nitrogen to be identical, or, more 
probably (see later), present in comparable concentrations, provided 
(a) that an extremely high fraction of the total atomic collisions 
(i.e., N + N impacts) results in the production of a complex which 
can within its life, since it is likely to be “‘ excited,’’ undergo collision 
with another neutral molecule, and (b) that we are justified in assum. 
ing the same molecular diameter to obtain in the neutral and excited 
states. We may assume that condition (a) is likely to be realised 
(see Hinshelwood, op. cit., p. 101), but with regard to (6), Stuart (Z. 
Physik, 1925, 32,262), Tolman, Yost, and Dickinson (Proc. Nat. Acad, 
Sci., 1927, 13, 188), and others have shown that the diameter of an 
excited or “‘ active ’’ molecule may be considerably greater than the 
normal; were this so in the present case an increase in o would 
diminish the values calculated for the concentration of chemically 
active nitrogen. It is also clear that the assumption of a purelj 

binary decay will lead to a concentration of glowing nitrogen of the 
order 10—10~6 of the chemically active nitrogen. It appears ther 

that by this simple calculation we can obtain excellent correlatio 

between the life of the glow and the quantity of chemically active 

nitrogen present, but if the glow decay were truly ternary, its rate 

would vary inversely as the mean free path of the nitrogen molecule, 

i.e., as the total pressure p, and not as p*. 

The author suggests that this difficulty is overcome by the 
hypothesis that the decay process really consists of an initial ternar 
collision 2N + N, —-> 2N, followed by two binary impacts, on 
of the two entities concerned in each of these last two being neutr 
nitrogen molecules. 

Consequences of this hypothesis are as follows : 

(a) The decay process is binary with respect to the atoms bu 
effectively ternary, since the last two binary reactions will be muti 
more rapid than the relativelyslowternary reaction which determine 
the effective speed of the glow transformation and accounts for tit 
comparable values calculated and observed for the concentratic 
of chemically active nitrogen. The total reaction will, howeve 
be of the fifth order since we have 


d{N]/dt = constant x [NP# ... . (4 


and as the slope of the V J-t curve, i.e., the value of the constat 
varies as p*, we have finally 


d{N]/dt= K,[NPINJF . . . . (4) 
(6) The negative temperature coefficient of the glow decay! 
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accounted for, since this is probably a characteristic feature of 
ternary reactions (see Hinshelwood, op. cit., p. 111). 

(c) The decay process is to be regarded as a series of (possibly) 
complicated reactions, and if we accept the possibility of externally 
induced changes in the mechanism, the independence of glow and 
chemical activity (J., 1927, 2831)—see also Kenty and Turner 
(Physical Rev., 1927, 29, 914)—is rendered probable under appro- 
priate conditions. The author now prefers this hypothesis to that 
advanced in the earlier communication (Part IV), viz., that the 
glowing and chemically active forms of nitrogen, while generally 
co-existent, are nevertheless not interdependent. 

(d) The volume change attendant upon the production of the 
atoms need not be more than quite a small fraction of the volume 
of chemically active nitrogen, since it follows naturally that the 
latter may represent metastable or isomeric nitrogen molecules 
produced during the decay and each possessing a part of the energy 
of the parent body. This would explain Crew and Hulbert’s 
observation (Physical Rev., 1927, 30, 134) that no appreciable 
increase in pressure due to dissociation occurs when a discharge is 
passed in nitrogen under such conditions as to develop the glow. 
The decay process might thus tentatively be envisaged 


2N a N, — N,4 + N,® . . . . . . . (1) 
N,4 - N, —_- N,° a N,? . . . . . . . (2) 
N,° ok N, _—_ N,* a N,F . . . - . . - (3) 


where N,4, etc., represent the various molecules which have acquired 
fractions of the original energy of recombination. This may not 
represent the whole of the decay process since it simply describes 
what can be seen—the possibility of other ‘‘ dark ”’ reactions after 
this must be kept in mind, particularly as after the emission of the 
«- or visible radiation the molecule is still 8-0 volts above the normal 
electron level (Johnson, Nature, 1927, 119, 9). In this way we see 
that comparable values should be obtained for the active nitrogen 
concentrations as measured chemically and as calculated from the 
life of the glow, a ternary decay being assumed. 

(e) If we accept the very probable view that one at least of these 
decay stages results in the formation of an excited molecule with a 
life of 10-°—10-8 sec., it follows that the order of the decay process 
and both the luminous and the chemical phenomena connected 
with active nitrogen are likely to depend upon the total nitrogen 
pressure; this is evident, for if an excited molecule be not hit within 
this time it will most probably radiate its energy instead of trans- 
mitting it either as a whole or in part to another molecule. 

A study of the decay of the glow in the presence of varying 


1628 WILLEY : ON ACTIVE NITROGEN. 


quantities of other gases which do not react chemically with active 
nitrogen would also be of interest. 

It is noticeable that Angerer (loc. cit.), working at pressures less 
than 1-0 mm., did not obtain the same slope for his ~/J-¢ curves in 
all his experiments, and, moreover, that the slope generally altered 
in the course of a single run; this is suggestive either of a change in 
the decay mechanism towards the end of the reaction or the influence 
of a heterogeneous reaction taking place at the same time (see 
Rayleigh, Proc. Roy. Soc., 1912, A, 86, 262). 

This may be the explanation of the divergencies observed in the 
spectra developed by active nitrogen, and also of the recent claim 
of B. Lewis (J. Amer. Chem. Soc., 1928, 50, 27) that, when active 
nitrogen is mixed with active hydrogen at low pressures (0-4—0-02 
mm.), ammonia is formed. He suggests that this is due to the 
reactions: (1) N+ H—»> NH; (2) NH + H, —> NHs, but, as 
the present author has pointed out: (Nature, 1928, 121, 355), this 
theory is at variance with observations of Rayleigh (Proc. Roy. Soc., 
1911, A, 85, 219) and of Willey and Rideal (J., 1927, 671) that 
ammonia extinguishes the glow of nitrogen and chemical action 
appears to be traceable; he fails to record such changes in the glow 
phenomena as would be anticipated. If, however, we are prepared 
to admit another mechanism of glow decay at low pressures and a 
form of chemically active nitrogen different from that obtained at 
higher pressures, an alternative explanation is easy. Since the 
number of collisions which a high-level excited molecule could suffer 
with neutral molecules during its life will diminish with the gas 
pressure, it follows that under the right conditions a chemically 
active molecule might be produced which, by virtue of its abnormal 
energy content as compared with the Rayleigh active nitrogen, would 
be capable of participating in reactions denied to the latter. The 
mechanism of Lewis’s ammonia synthesis might then be regarded 
as (1) N,! + 2H,—>N,H,}; (2) N,H? + H,!—> N,H,!-— 
2NH,. In this way his failure to obtain hydrazine is accounted for; 
the quasi-molecule first produced falls apart unless within its life 
it undergoes collision with an excited hydrogen molecule (see Phipps 
and Taylor, Physical Rev., 1927, 29, 309), and the reaction may take 
place without the direct participation of the nitrogen atoms and any 
changes of glow phenomena in consequence. It does not, more- 
over, appear valid to assume that such a reaction would occur only 
at low pressures. That nitrogen may momentarily exist in a more 
chemically active state than in the Rayleigh form is shown by the 
experiments of Jolibois and Lefebvre (Compt. rend., 1927, 185, 853), 
who found that the reaction 2CO + O,—> 2CO, in the discharge 
can be greatly furthered by the addition of nitrogen to the mixture. 
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Presumably the nitrogen is activated and undergoes second-type 
collisions with either the carbon monoxide or the oxygen or both, 
leading to the production of active forms of these substances. 
Moreover, Lowry (J., 1912, 101, 1152; Trans. Faraday Soc., 1913, 
9, 189) has presented evidence that a form of nitrogen oxidisable by 
ozone can be obtained by the spark discharge in air at atmospheric 
pressure, and although his observations may be due to the pro- 
duction of an unstable nitrogen oxide which reacts only with ozone 
and not with oxygen, the statement of Wendt and Grubb (Chem. 
Met. Eng., 1920, 22, 771), that the corona discharge in nitrogen at 
atmospheric pressure also gives rise to a stable variety of nitrogen 
which can react with oxygen and with hydrogen to give nitric oxide 
and ammonia respectively, leads still further to the view that 
nitrogen may exist in several chemically active forms. It may also 
be noticed that Usher and Venkateswaran (J., 1919, 115, 613) have 
found that the nitrogen liberated during the electrolysis of sodium 
azide attacks mercury, a reaction suggestive of the formation of 
N, or Ng. 
Summary. 

Experiments upon the decay of the nitrogen afterglow show that 
the reaction is kinetically of the fifth order between 2 and 8 mm. 
pressure. Calculations applying kinetic theory to observations 
on the life of the glow show that, if the reaction be bimolecular in 
reality, the concentration of the glow-producing system, assumed 
to be atomic, is only 10-5—10~® of the chemically active nitrogen 
present in the same circumstances, adiscrepancy overcome by assum- 
ing the process to represent an initial slow ternary reaction, 2N + 
N, —> 2N,, followed by two rapid binary reactions. This theory 
accounts for the negative temperature coefficient of the glow-decay, 
and is considered (a) to furnish evidence that the glow and chemical 
activity in nitrogen represent separate and very variable stages in 
the complex deactivation process of a high-level molecule first 
formed from atoms, and (b) to explain the existence of other varieties 
of chemically active nitrogen reported from time to time and also 
divergencies in the spectroscopic and chemical characteristics of the 
Rayleigh form. 


This work was carried out in the Laboratory of Physical 
Chemistry, Cambridge, in the summer and autumn of 1927, and 
the author’s warmest thanks are due to Prof. T. M. Lowry, F.R.S., 
and Dr. E. K. Rideal and to all his colleagues for their constant 
advice and co-operation. 
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CCXII.—The Chemistry of the Three-carbon System. 
Part XVII. cycloHexylideneacetone and cyclo- 
Hexylidenemethyl Ethyl Ketone. 


By ALFRED Henry Dickrys, WILFRED Eynon Hvau, and GEORGE 
ARMAND RoBErT Kon. 


THE experiments described in the earlier papers of this series lead 
to the conclusion that tautomerism is to be expected in compounds 
of the general skeleton (I) or (II), subject to certain conditions 


Rp R! , 
‘2 OR . Iv II. 
C.) pupmey >COR"X RuRmG>CCHR'X dL) 
(X = electronegative activating group; R can be H, alkyl, aryl, or acyl 
groups.) 


discussed there. The mobility and the point of equilibrium in any 
one system are the resultant of various structural factors; an 
estimate of the magnitude and relative importance of these factors 
is only possible on the strength of exact quantitative study of a 
variety of tautomeric systems and forms one of the principal objects 
of this series of researches. This task has been considerably 
facilitated by the elaboration of methods for the quantitative 
estimation of isomerides in mixtures (Linstead, J., 1927, 355; Lin- 
stead and May, ibid., p. 2565), but their application is limited to 
cases where both individuals can be isolated in a state of purity, 
such as the pairs of unsaturated acids already investigated by 
Linstead (J., 1927, 362). 

There are, however, compounds which have hitherto been isolated 
in one form possessing the functions of both the aB- and the fy- 
isomeride. With regard to ketones, Kon and Nutland (J., 1926, 
3101) suggested that the two forms of the semicarbazone, when 
obtainable, are derived from the two individuals constituting the 
equilibrium mixture. Numerous attempts to isolate these indi- 
viduals remained fruitless until the ketone (III) described by Kon 
(J., 1926, 1792) was synthesised. The compound obtained by the 

H COR CHe>C-CH,COEt  H CoH ‘OH >C-CH-COEt 

“(IL.) av.) 
action of zinc ethyl iodide on cyclohexylideneacetyl chloride had 
properties indicating the structure (IV), notably an abnormally 
high molecular refraction; it gave a high-melting semicarbazone, 
identical with that obtained by Kon and Narayanan (J., 1927, 
1546), and only a small quantity of the isomeric semicarbazone, 
m. p. 153° (Kon, Joc. cit.). The ketone (III) was similarly obtained 
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from the corresponding acid and gave mainly the lower-melting 
smicarbazone. Under conditions avoiding the use of mineral 
acids and alkalis the ketones (III) and (IV) were obtained each 
practically free from its isomeride. The preparation of the corre- 
sponding methyl ketones (V) and (VI) was more difficult, mixtures 
being sometimes obtained under the most favourable conditions. 


CH,-CH ' CH,-CH,~_, 
HC<(yy? Cyf>CCHyCOMe = HC 697? \pq2>C:CH-COMe 
(V.) (VI.) 


The ketone (V) is identical with that prepared by Wallach (Annalen, 
1912, 394, 376) and by Kon (J., 1921, 119, 816), its semicarbazone, 
n. p. 145°, being identical with that obtained by previous investig- 
ators. The a$-ketone (VI) gave a higher-melting semicarbazone 
identical with that isolated in minute amount by Birch, Kon, and 
Norris (J., 1923, 123, 1361) and from which the new ketone could 
be regenerated, although a small amount of conversion into the 
y-form occurred even under very mild conditions. 

The properties of the ketone (V1), like those of its higher homologue 
(IV), accord well with its constitution; it boils at a higher temper- 
ature than the @y-form, has a higher density, and a much higher 
refractive index, the molecular refraction showing a considerable 
exaltation; its structure, moreover, was confirmed by oxidation 
vith permanganate. The ketones (III) and (V) react quickly with 
ileoholic iodine chloride, whereas their «$-isomerides show little 
reaction under the standard conditions adopted by Linstead and 
May (loc. cit.), thus allowing mixtures of isomerides to be analysed 
vith considerable accuracy. 

The equilibrium between the two pairs of ketones could therefore 
be studied quantitatively, different catalysts being used. In the 
course of this work the astonishing observation was made that 
although cyclohexylideneacetone (and to a less extent the ketone 
IV) is, apparently, extremely sensitive to mineral acids at the moment 
of its formation, the pure substance is scarcely affected by them 
under the conditions described on p. 1635; indeed, the mobility 
of the substance is not of a high order, being much less than that 
of isopulegone (Hugh, Kon, and Linstead, J., 1927, 2585). Such a 
discrepancy can only be attributed to an enhanced reactivity of the 
substance in statu nascendi in a manner analogous to that discussed 
by Goss and Ingold (J., 1925, 127, 2776). Actually it was found 
that equilibration proceeded very slowly in presence of a small 
quantity of barium hydroxide, piperidine, or sulphuric acid. With 
sodium ethoxide in excess, equilibrium is completely established 
in 24 hours, the equilibrium mixture of (III) and (IV) containing 
69% of the By-form; that obtained from (V) and (VI) contains 
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71% of the Sy-form. ‘The crude ketones obtained by the condens. 
ation of cyclohexanone with acetone and methyl ethyl ketone, § pea: 


Fria. 1. 


% cyvloHexylidenemethyl ethyl ketone (af). 


% cycloHexylideneacetone (af). 


i 


16 24 32 40 
Time (hours). 
Fig. 2. 

fractionations which are inevitable in these preparations, however, 
alter the proportion of the two isomerides; e.g., @ mixture of (III) 

and (IV) prepared as described by Kon (loc. cit.) contained 85% of the 
By-ketone, whereas a specimen of crude cyclohexylacetone produced 

by the condensation of cyclohexanone with ethyl sodioacetoacetate 682 
(see following paper) contained a slight excess of the «$-ketone. 
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The point of equilibrium of the ketones now described is much 
etone, §nearer the «8-side than that found by Linstead (loc. cit.) for the 
Y areficorresponding acids. A similar difference appears to exist between 
2erous Bthe diethylacrylic acids and the ketones derived from them (Lin- 

stead, loc. cit.), but further examples must be studied before any 
conclusion can be drawn from this observation. ° 

The mobility of the two pairs of ketones in presence of sodium 
ehoxide in less than molecular quantity has been examined under 
omparable conditions; the results are shown in Figs. 1 and 2, 
from which it will be seen that the reaction appears to be a reversible 
mimolecular one; no attempt, however, has yet been made to 
follow this with great accuracy. It is hoped in the near future to 
develop an improved technique enabling quantitative comparisons 
to be made between the mobilities of different tautomeric substances 
mder standard conditions. In the meantime, it appeared of 
interest to ascertain the effect of hydroxyl ions on the course of 
the equilibration. The addition of a slight excess of water to the 
nixture of the ketones and sodium ethoxide was found to have but 
little effect; it slightly retarded the change (Fig. 2, dotted curve). 

The proof now supplied of the existence of pairs of individual 

ubstances forming an equilibrium mixture in presence of catalysts 


erves to emphasise the close analogy, foreshadowed in former 
ommunications, existing between substances exhibiting three- 
urbon tautomerism and those of the better-known keto-enol class. 


ExPERIMENTAL. 


cycloHexylidenemethyl Ethyl Ketone (IV).—The procedure de- 
xribed by Birch, Kon, and Norris (loc. cit.) was adopted, cyclo- 
lexylideneacetyl chloride and zinc ethyl iodide being used. A 
faction, b. p. 118—120°/25 mm., was obtained (yield, usually 
about 60%). It was treated with semicarbazide, a crude caseous 
emicarbazone being isolated. This, after being washed with 
petroleum to remove a small quantity of ester (which is always 
present, especially in the preparation of the By-ketone; compare 
Kon and Narayanan, J., 1927, 1546), was repeatedly crystallised 
ftom methyl alcohol, giving a less soluble portion, m. p. about 188°, 
tnd a more soluble portion from which a small amount of semi- 
arbazone, m. p. 153°, was isolated; these were identical with the 
wo compounds isolated by Kon and Narayanan (loc. cit.). When 
uite pure, the higher-melting compound formed fine prisms, m. p. 
1°. The ketone regenerated from it with oxalic acid had b. p. 
12°/22 mm.; di” 0-93810, and nif! 1-48945; whence [Rz]> = 
16:82 (calc., 45-84). 

The amount of fy-ketone formed could be reduced by using 

3H 2 
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acetic acid in place of mineral acid to liberate the ketone from the 
reaction product, and almost pure «8-ketone was obtained by the 
following process : the acid chloride was slowly added to an excess 
of zinc ethyl iodide solution efficiently cooled in a bath of ice and 
calcium chloride, dry ether being added to prevent the solution 
from freezing. The product was immediately decomposed with 
ice, any rise of temperature being prevented, and carbon dioxide, 
scrubbed by passage through sodium carbonate, was bubbled through 
the solution until the decomposition was complete. The solution 
was then filtered, the sludge washed with ether, and the combined 
ethereal and benzene solutions were washed with water, shaken 
with saturated ammonium sulphate solution, dried, and distilled 
through an efficient column, finally under reduced pressure. . 

On several occasions the ketone so produced gave a low-melting 
semicarbazone which after several crystallisations formed long 
needles of constant m. p. 167°. The ketone regenerated from it 
appeared in every way identical with that obtained from the higher. 
melting form: b. p. 110—111°/18 mm., d?” 0-937101, nj” 
1-48859; whence [Rz]p = 46-82; this gave on recombining with 
semicarbazide the high-melting semicarbazone. The form, m. p. 
167°, may perhaps be a stereoisomeride of the latter. 

Al-cycloHexenylmethyl Ethyl Ketone (III)—The action of zine 
ethyl iodide on A-cyclohexenylacetyl chloride gave a _ ketonic 
fraction boiling some 4° lower than in the preceding case. Under 
ordinary conditions, this fraction gave a semicarbazone which was 
difficult to purify, although the form crystallising in plates, m. p. 
153°, predominated and could be isolated by repeated crystallisation. 
It was practically the sole product when the isolation of the ketone 
was carried out with the aid of carbon dioxide. The ketone was 
regenerated from it more easily than in the case of the «8-isomeride 
and boiled at 107°/22 mm.; it had d?* 0-93020 and nj* 1-47320, 
whence [R,]p = 45°89 (calc., 45-84), and showed no change in 
optical properties after being kept in a sealed tube for 4} months. 

Equilibrium between the Ketones (III) and (IV).—May and Lin- 
stead’s iodometric method (loc. cit.) was used, the conditions being 
the same as for pulegone and isopulegone (Hugh, Kon, and Linstead, 
loc. cit.). The values obtained in 10 minutes with M/300-solutions 
in chloroform (mean of 3 concordant determinations in each case) 
were : 


Mixture (% af) 10 25 50 75 90 100 
% Addition 87-4 83-8 78-05 60:99 38-49 23-49 1484 
From the above data a reference curve was constructed similar t0 
that used by Hugh, Kon, and Linstead (loc. cit., p. 2590). 

1. With excess of sodium ethoxide. 4 C.c. of the «6-ketone wert 
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kept at room temperature for 22 hours with 0-75 g. of sodium in 
12:5 e.c. of alcohol; water was then added. The ketone isolated 
by means of ether boiled at 105—112°/18 mm. (the first two drops 
of distillate were rejected) and had dii* 0-934595 and njj* 
1-47606 ; the ° addition of iodine (mean of three concordant deter- 
minations) was 73-85, corresponding to 31-5°% of «$-ketone. The 
experiment was simultaneously carried out with the pure Sy-ketone ; 
the product had b. p. 116—124°/24 mm., di* 0-931576, and 
np 1-47613; the % addition of iodine was 74-6, corresponding to 
30-5% of «8-ketone. The point of equilibrium is therefore approxi- 
mately 31% a8: 69% By. 

2. With insufficient sodium ethoxide. 2 C.c. of each ketone were 


i pipetted into a 50 c.c. graduated flask, 20 c.c. of a 1% solution (by 


weight) of sodium in ethyl alcohol were added, and the mixture 
was made up to 50 c.c. with alcohol. After the requisite time, the 
ketone was isolated as above and its composition estimated iodo- 
metrically (the physical properties were also determined as a check 
but are not quoted) : 

Initial material : af-ketone. 

Time (hrs.) 8 16 24 

% Iodine addition . 48:05 49-28 65-43 

% aB-Ketone 3 52:5 45 
Initial material : By-ketone. 

Time (hrs.) 6 16 24 

% Iodine addition 84: 80-42 74:5 74-02 

% af-Ketone 20 30-5 31 
These results are expressed graphically in Fig. 1. 

3. With sulphuric acid. 2 C.c. of each ketone were mixed with 
10 c.c. of N-sulphuric acid, made up to 50 c.c. with alcohol, and 
kept for 16 hours at room temperature. The «$-ketone underwent 
about 7-5% conversion; no change could be detected in the #y- 
ketone. 

4. With piperidine. Similar experiments were performed, 10 c.c. 
of M/2-alcoholic piperidine being used in place of sulphuric acid. 
There was no measurable change in the ®y-ketone and the «8-ketone 
underwent 8-5%, conversion. 

Direct Condensation of cycloHexanone and Methyl Ethyl Ketone. — 
A sample of the ketone prepared by Kon’s method (loc. cit.) and 
having properties similar to those recorded was found to contain 
approximately 84-5°% of the fy-ketone. 

Condensation of the By-Ketone with Ethyl Sodiomalonate.—This 
condensation was carried out exactly as described by Norris and 
Thorpe (J., 1921, 1419, 1199). The dihydroresorcinol ester was 
formed in good yield, but was only obtained as a viscous liquid 
giving a dark red colour with ferric chloride. It was therefore 
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hydrolysed with barium hydroxide to cyclohexanespiro-4-methyl- 
eyclohexane-3 : 5-dione, which crystallised from dilute methyl 
alcohol in clusters of needles, m. p. 179° (Found: C, 74:0; H, 9-3. 
Cy.H,,0. requires C, 74:2; H, 9-4%). 

cycloHexylideneacetone (V1).—This compound was prepared from 
cyclohexylideneacetyl chloride and zinc methyl iodide by the 
modified procedure given on p. 1634, otherwise equilibrium mixtures 
were always obtained; indeed, the preparation sometimes gave a 
mixture without ascertainable reason. Esters do not appear to be 
formed when zinc methyl iodide is employed and the ketone can be 
obtained sufficiently pure by repeated fractionation of the reaction 
product. The fraction boiling at 89°/12-5 mm. had d?* 0-94931 
and nii* 1-49128, whence [Rz]y = 42°16 (calc., 41-22); this was 
used for the reference curve. The semicarbazone obtained from it 
was much less soluble than that of the By-ketone; it melted in the 
crude state at 169—170° and formed plates, m. p. 180°, after repeated 
crystallisation from methyl alcohol (Found: C, 61-8; H, 89. 
C,9H,,ON, requires C, 61-5; H, 8-8%). The ketone can be regener- 
ated from it practically unchanged, b. p. 95°/17 mm., di?* 0-94673, 
ni;** 1-48917, although the iodine absorption of the product obtained 
is slightly higher than that of the ketone purified by fractionation. 
The semicarbazone obtained on treating the regenerated product 
with semicarbazide had no definite crystalline form and melted 
much too low. 

The odour of the new ketone is sharper and less pleasant than 
that of its isomeride. The ketone develops a colour with alcoholic 
ferric chloride only on standing. The structure of the ketone was 
confirmed by oxidation, the ketone being suspended in ice-water 
and a slight excess of 3° aqueous potassium permanganate slowly 
added with constant shaking; ether extraction of the filtered 
solution gave a good yield of cyclohexanone, which was identified 
in the form of its semicarbazone, m. p. 165—166°. 

A}-cycloHexenylacetone (V1)—This ketone was prepared from 
cyclohexenylacetyl chloride and zine methyl iodide in the same way 
as the «$-ketone. It gave a crystalline semicarbazone, m. p. 
136—137° (crude), 145° (after one crystallisation from methyl 
alcohol), and the ketone regenerated from this had properties agreeing 
with those recorded by Wallach (loc. cit.), namely, b. p. 83°/12 mm., 
d®*° 0-93751, n§®* 1-47310; whence [Rz]p = 41:33. A homo- 
geneous, crystalline semicarbazone was obtained from the regenerated 
ketone. 

Equilibrium between Ketones (V) and (V1).—It was first necessary 
to ascertain whether the «$-ketone, purified by distillation only, 
could be used, in view of the fact that it is partly equilibrated on 
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regeneration from the semicarbazone. If the lower iodine absorption 
of this. crude ketone is due to the presence of saturated impurities, 
this should be detected by ascertaining whether the same final 
equilibrium mixture is formed from the crude as from the regenerated 
ketone. It was found that the difference between the iodine values 
of the two samples diminished considerably on equilibration and 
it appeared best to use a carefully fractionated specimen of «$-ketone 
for the reference curve and the points on the «$-side of the curve 
in Fig. 2; the regenerated ketone was used for ascertaining the 
final equilibrium and points near it (16, 24, and 48 hours); and a 
regenerated sample of cyclohexenylacetone was used throughout. 

The reference curve was constructed as in the preceding case, 
the values obtained being as follows : 

Mixture (% af) 0 10 2% 50 7% 90° & 100 
% Addition 83-7 80-7 74:7 60:5 40-7 26-8 15-8 

1. With excess of sodium ethoxide. The experiment was carried 
out as described on p. 1635, except that the reaction was allowed to 
proceed for 24 hours. The product from the «8-ketone had b. p. 
§8—94°/19 mm., dit” 0-94446, and njf* 1-47633; the % iodine 
addition (méan of three concordant determinations) was 73-37, 
corresponding to 28-5°% of a®-ketone. The product from the 
w-ketone had b. p. 90—96°/17 mm., dif" 0-94446, and niv* 
1.47693; the % iodine addition was 73-10, corresponding to 29-0% 
of «8-ketone. 

2. With insufficient sodium ethoxide. The method of procedure 
was the same as for the higher homologues (p. 1635). Results : 
Initial material: af-ketone. 

Time (hrs.) 3 

% Iodine addition . 9- 

% aB-Ketone . 6- 

Initial material : Py-ketone. 

Time (hrs.) 6 12 

% Iodine addition ‘8 78:7 758 

% af-Ketone . 17:0 23-5 
These results are shown graphically in Fig. 2. 

3. With sodium hydroxide. The catalyst used was prepared 
by dissolving 2 g. of sodium in 200 g. of alcohol, 10 c.c. of water 
being then added; 20.c.c. of this solution were used as before. The 
results were : 

Initial material. Time (hrs.). % Iodine addition. % af-Ketone. 
of-Ketone 3 35-6 80-5 

= 6 48-1 66-0 

* 12 58-2 52-5 
by-Ketone 6 79:5 15-0 

Pm 12 76:5 22-5 


These results are marked © on Fig. 2. 
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CCXIV.—The Condensation of Ketones with Ethyl 
Acetoacetate. 


By LEONARD GEORGE JupPP, GEORGE ARMAND RoBeErRtT Koy, and 
Epwarp Hvusert Locxron. 


THE object of the present investigation was the preparation of 
esters such as (I) and (IL) which should be of considerable interest 


CH,CHa\ c.cqz_-COMe CH,*CH.~ a,cq7_-COMe 
(H.—cH? © CHS 00,Et CHe< cH CH?” CH< 0, Et 
(I.) 


from the point of view of three-carbon tautomerism. Ethyl iso- 
propylideneacetoacetate, CMe,:C(COMe)-CO,Et, had already been 
prepared by Merling and Welde (Annalen, 1909, 366, 119) by 
condensing ethyl acetoacetate with acetone. Their method, however, 
fails when cyclohexanone is used in place of acetone, cyclohexenyl- 
cyclohexanone being the sole product. We therefore tried the action 
of cyclohexanone on ethyl sodioacetoacetate and obtained evidence 
of a reaction in the desired direction, but the ester (II) was formed 
in insignificant amount and it was practically impossible to separate 
it from the large quantities of other products such as cyclohexenyl- 
cyclohexanone. The acid portion of the reaction product contained 
a considerable quantity of the corresponding acid (III), which could 
be readily obtained pure. This acid cannot be esterified by ordinary 
methods, being either unattacked or converted into some compound 
formed by a secondary change. It is otherwise remarkably stable 
and can be kept unchanged for many months. It gives off carbon 
dioxide just above its melting point and yields a mixture of cyclo- 
hexylideneacetone (IV) (Dickins, Hugh, and Kon, preceding 
paper) and cyclohexenylacetone (V), the former predominating: 


._CH,CH C CO,H 
HyC<6y9? Gyy?>C:CH-COMe <— H,C<Gn? OH C” CH< Coie 


(IV. ) (III.) 


ssi HyC< Gp cpp C-CHy'COMe (V.) 


The preferential production of the «$-ketone (IV), which is less 
stable than the By-ketone, from an acid having the #y-structure i 
certainly remarkable and requires further investigation. 
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The ketones (IV) and (V) were present in quantity, approximately 
in the proportions of the equilibrium mixture (Dickins, Hugh, and 
Kon, loc. cit.), in the neutral products of the original condensation. 
The yield was increased at the expense of the acid (III) by adding 
water (1 mol.) to the reaction mixture after 24 hours and continuing 
the heating for a few hours longer—this constitutes the best method 
of preparing the equilibrium mixture in quantity. cycloPentenyl- 
acetone could not be prepared by a similar process, the only ketone 
produced in the condensation of cyclopentanone with ethyl sodio- 
acetoacetate being cyclopentylidenecyclopentanone; the ester (I) 
could not be isolated, although a minute quantity of the corre- 
sponding acid was obtained. The oxidation of this acid showed 
that, unlike the acid (IIT), it had an «8-unsaturated structure; this 
difference is analogous to that already observed in the malonic 
acids (Kon and Speight, J., 1926, 2787). 

Finally, pulegone and piperitone were condensed with ethyl 
acetoacetate. The principal compound obtained from the former 
is the ketone (VII) prepared by Barbier (Compt. rend., 1898, 127, 
870). The structure of this compound was confirmed by 


qa COMe CH,COMe CH,COMe 
C C 


iN 
CMe,: ata cme, ‘vn 


H,C CHMe H,C CHMe H,C 


i 
CH, CH, 
(VI.) (VII.) 
oxidation, «-methylglutaric acid and acetone being obtained, 
showing that the formula (VII) and not the alternative one (V1), 
assumed by Barbier, is correct. A compound of formula (V1) 
should yield 8-methyladipic acid under the same conditions. The 
ketone (VII) can, however, be condensed with ethyl sodiomalonate, 
giving a derivative of dihydroresorcinol ; so it can react in the 
phase (VI). Like other similar ketones, it can be alkylated; the 
alkyl derivative gives the same oxidation products as the parent 
substance. The product obtained from piperitone has not been 
fully investigated, but by analogy it probably has the structure 
(VIII). 
EXPERIMENTAL. 

Condensation of cycloHexanone with Ethyl Sodioacetoacetate.— 
Ethyl acetoacetate (260 g.) was added to a solution of 46 g. of 
sodium in 600 c.c. of alcohol, followed by 196 g. of cyclohexanone ; 
the mixture was heated under reflux for 24 hours. Water was 
added and the oil was taken up in ether, washed, dried, and distilled 
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under reduced pressure (Neutral Oil A). The aqueous layer was 
strongly acidified with dilute sulphuric acid and again thoroughly 
extracted with ether; this extract on being dried and evaporated 
gave a solid (B). 

The oil A gave on fractional distillation ethyl acetate, cyclo. 
hexanone, a considerable fraction, b. p. 68—94°/17 mm., and a 


fraction boiling up to 120°/17 mm. The last two fractions on J. 


refractionation usually gave about 40 g., b. p. 84—88°/11 mm., and 
fractions, b. p. 79—83° and 89—95°. All these had the character. 
istic odour of cyclohexenylacetone and gave a caseous semicar- 
bazone from which the semicarbazone, m. p. 145° (Wallach, Annalen, 
1913, 396, 376; Dickins, Hugh, and Kon, loc. cit.) was isolated. 
Titration with iodine chloride (kindly carried out by Mr. W. E. 
Hugh) showed that the main fraction, df“ 0-94053, n) 1-47556, 
had a composition closely approximating to that of the equilibrium 
mixture, namely, 70-5% of the By-form (72-7% addition) (Dickins, 
Hugh, and Kon, loc. cit.), and that there was.a slight excess of the 
«8-form in the highest fraction (53-5% By). The yield of equilibrium 
mixture can be considerably increased by adding water to the 
condensation product of cyclohexanone and ethyl sodioacetoacetate 
and continuing the boiling for a further 6 hours. In one experi- 
ment, 21-5 g. of ketone (32%) were obtained from 65 g. of ethyl 
acetoacetate in this way. 

Progressive refractionation of the higher fractions of the oil A 
gave a quantity of cyclohexenylcyclohexanone (Wallach, Annalen, 
1911, 381, 95; Kon and Nutland, J., 1926, 3101), and a very small 
amount, seldom more than 1 g., of an oil, b. p. 135°/20 mm., giving 
an intense red-violet colour with alcoholic ferric chloride and con- 
sisting of the ester (II) (Found: C, 68-8; H, 8-6. C,,.H,,0, requires 
C, 68-6; H, 86%). It was characterised by the semicarbazone, 
m. p. 141° (Found : C, 58-2; H, 8-0; N, 15-5. C,,H,,O,N, requires 
C, 58-4; H, 7-9; N, 15-7%). It was not possible to isolate a sufii- 
cient quantity of the ester to confirm its constitution. 

cycloHexenylacetoacetic acid (III). The solid acid B (45—60 g.), 
after recrystallisation from benzene-light petroleum, formed needles, 
m. p. 121° (decomp.), consisting of Al-cyclohexenylacetoacetic acid. 
The acid can also be recrystallised from dilute alcohol, but aqueous 
solvents should be avoided, as the acid readily loses carbon dioxide 
on boiling with water (Found: C, 65-9; H, 8-0. C,)9H,,0, requires 
C, 65:9; H, 7-8%. Titration: Found, 19-8 c.c. NaOH; calc. for 
monobasic acid, 19-7 ¢.c.). The semicarbazone, m. p. 196°, crystal- 
lised from methyl alcohol (Found: C, 55-1; H, 7-2; N, 17-2. 
C,,H,,0,N, requires C, 55-2; H, 7-2; N, 17-5%). 

Oxidation, ‘The acid, dissolved in an excess of aqueous sodium 
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hydrogen carbonate, was treated with a slight excess of 3% aqueous 
potassium permanganate. The filtered solution gave to ether no 
neutral oxidation products, but after being acidified and re-extracted, 
it gave oxalic and adipic acids, which were separated by means of 
benzene. These two acids were also obtained when the acid (III) was 
oxidised with ozone in chloroform solution. 

Action of heat. When heated under reduced pressure just above 
its melting point, the acid gave an almost theoretical yield of a 
ketone, b. p. 86—87°/13 mm., dj?* 0-94250, nj* 1-48810, which 
was isolated from the distillate by means of ether. The iodine 
absorption of the ketone determined by Mr. Hugh was 41-3, corre- 
sponding to 74-3°% of the «8-form (IV). Thesemicarbazone obtained 
from it was caseous, but on repeated crystallisation from methyl 
alcohol gave the characteristic plates of cyclohexylideneacetone- 
semicarbazone, m. p. 180°. 

Attempts to esterify the acid (III). Methyl sulphate and sodium 
hydroxide had no action on the acid. 

The silver salt, boiled over-night with an excess of methyl] iodide 
in dry ether, gave an unsaturated substance, isomeric with (III), 
which did not give the expected colour with ferric chloride, was 
sparingly soluble in ether, and crystallised from dilute alcohol in 
plates, m. p. 177°; it did not effervesce with sodium hydrogen 
carbonate, although it dissolved in alkalis and was reprecipitated 
by acids (lactone ?) (Found: C, 65-5, 65-9; H, 7-9, 7-7. Cy 9H,,0, 
requires OC, 65-7; H, 7-8%). 

By the methyl-alcoholic hydrogen chloride method, from 5 g. of 
the acid were obtained 2 g. of an isomeric substance which crystal- 
lsed from dilute methyl alcohol in long needles, m. p. 80° (Found : 
(, 65-8; H, 7-8%); it had no acid properties and gave a slight 
colour with ferric chloride (the liquid filtrate obtained from the 
original distillate gave a marked colour and had an odour of cyclo- 
hexenylacetone). The same compound was produced when the 
wid (3 g.) was kept with methyl alcohol (10 c.c.) and concentrated 
sulphuric acid (3 c.c.) for 60 hours. 

Other attempts to prepare the ester (II). (1) Ethyl cyclohexenyl- 
malonate (48 g.), prepared from the pure acid (Kon and Speight, 
loc. cit.), was added to 4-6 g. of “‘ molecular ’’ sodium in benzene, 
together with two drops of alcohol to start the reaction; 16 g. of 
acetyl chloride were added after an hour and the mixture was heated 
for 2 hours. Water was then added and the benzene solution was 
washed, dried, and evaporated ; on distillation, 8 g. of ethyl A1-cyclo- 
hexenylacetylmalonate, b. p. 181°/19 mm., were obtained (Found : 
(,63-8; H, 7-8%) and characterised by its semicarbazone, m. p. 178° 
(Found: C, 56-6; H, 7-6; N, 12-2. C,,H,,0;N, requires C, 56-6; 
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H, 7-4; N, 12-4%). When the new ester was warmed with an 
excess of sodium ethoxide for 4 hours, ethyl cyclohexenylmalonate 
and ethyl acetate were produced. 

(2) Ethyl chloroformate failed to condense with the sodio- 
derivative of cyclohexenylacetone in dry benzene. 

(3) Ethyl cyclohexenylmalonate (120 g.) was heated for 4 hours 
with 28 g. of potassium hydroxide in 500 c.c. of alcohol. The 
neutral solution was diluted with water, extracted with ether, 


acidified, and re-extracted. The crude acid-ester obtained was § 


treated with an excess of thionyl chloride and distilled, giving 46 g. 
of an acid-chloride-ester, b. p. 151°/19 mm., and 15 g. of a high 
fraction probably containing the diacid chloride. The acid-chloride- 
ester, when treated with an excess of zine methyl iodide (Blaise and 
Maire, Ann. Chim. Phys., 1908, 15, 556), was apparently recon- 
verted into the acid-ester and the desired ketonic ester was not 
obtained. 

When cyclohexanone was condensed with ethyl acetoacetate in 
presence of zinc chloride and acetic anhydride, cyclohexenylacetone 
was obtained. With dry sodium ethoxide or sodium methoxide 
prepared by Komppa’s method (Annalen, 1909, 368, 137), the 
products were the same as with alcoholic sodium ethoxide, and 
‘molecular ’’ sodium in benzene gave no measurable quantity of 
the ester (II) and a poor yield of the other products. 

Condensation of cycloPentanone with Ethyl Sodioacetoacetate— 
The reaction was carried out as described on p. 1639 with half- 
molecular quantities. No cyclopentenylacetone was isolated from 
the neutral fraction, cyclopentylidenecyclopentanone (Wallach, Ber., 
1896, 29, 2963; Kon and Nutland, loc. cit.) was obtained in quantity, 
but none of the desired ester appeared to be formed. The acid 
product consisted of cyclopentylideneacetoacetic acid (1-5 g.), which 
crystallised from dilute alcohol in needles, m. p. 137° (decomp.) 
(Found: C, 64:0; H, 7-2. CjH,.0, requires C, 64:2; H, 7:2%. 
Titration: Found, 20-4 c.c. N/10-NaOH; calc., 20-6 c.c.). The 
acid in chloroform solution was oxidised with ozone and the ozonide 
decomposed with water as usual; cyclopentanone and oxalic acid 
were isolated. 

Ethyl isoPropylideneacetoacetate—This ester was prepared as 
described by Merling and Welde (loc. cit.) in order to study its 
behaviour on alkylation. The ester had b. p. 103°/18 mm., d?" 
0-96308, n3” 1-45583, whence [Rz]p = 46°52 (calc., 44-96). The 
semicarbazone melted at 247° after crystallisation from alcohol 
(Found: C, 52-8; H, 7-8; N, 18-2. C,9H,,0,N; requires C, 52:8; 
H, 7-6; N, 185%). All attempts to methylate the ester with the 
aid of ‘‘ molecular ’’ sodium in solvents failed, and in the presence 
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of alcohol the methylated ester immediately underwent fission, as 
already observed by Merling and Welde, giving ethyl trimethyl- 
acrylate, d?!* 0-97812, n#” 1-45802, whence [Rz]p = 41-02 (calc., 
40:33). The structure of this ester was confirmed by oxidation 
with ozone, acetone being obtained. 

Al. Pulegenylacetone (VII).-—This ketone, b. p. 149—153°/21 mm., 
m. p. 73°, was prepared either by condensing pulegone with ethyl 
sodioacetoacetate or by the process used by Barbier (loc. cit.), the 
§ former giving 29 g. and the latter 55 g. of ketone from 1 g.-mol. of 
pulegone. The corresponding keto-ester or acid was not isolated 
in either preparation. The semicarbazone, m. p. 187°, crystallised 
from benzene (Found: C, 67-2; H, 9-4. C,,H,,ON, requires C, 
67-4; H, 93%). The ketone in chloroform was oxidised with 
ozone, and the ozonide decomposed with dilute sulphuric acid; 
acetone and «-methylglutaric acid were isolated and identified as 
usual, the constitution now assigned to the ketone thus being 
confirmed. 

a-Methyl-«-A!-pulegenylacetone.—Pulegenylacetone (19-2 g.) was 
added to “ molecular ’’ sodium (2-3 g.) in dry ether (50 c.c.) and 
when the vigorous reaction had subsided an excess of methyl iodide 
was introduced ; the mixture was finally refluxed for 2 hours. The 
ketone was isolated in the usual way and the fraction, b. p. 149— 
154°/20 mm., was treated with semicarbazide; the semicarbazone 
melted at 191° after crystallisation and depressed the melting point 
of the semicarbazone of pulegenylacetone (Found : C, 68-4; H, 9-4. 
(,;H,;ON, requires C, 68-4; H, 9-6%). The ketone regenerated 
from it by means of oxalic acid in a current of steam had b. p. 
150°/21 mm., d?” 0-94694, n° 1-49347, whence [R,]p = 64-39 
(cale., 63-73). The new ketone gave on oxidation with ozone the 
same products as the parent substance. 

Condensation of Pulegenylacetone with Ethyl Sodiomalonate.— 
The ketone (19-2 g.) was added to a mixture of ethyl malonate 
(16 g.) and sodium (2-3 g.) dissolved in alcohol (40 c.c.) and the 
whole was heated on the steam-bath for 2 hours. Water was then 
added and the solution was extracted with ether to remove neutral 
impurities, acidified, and re-extracted. The crude keto-ester 
obtained was hydrolysed by boiling for 20 hours with 90 g. of 
barium hydroxide in 720c.c. of water. The hot solution was acidified 
and filtered, then an excess of concentrated hydrochloric acid was 
added and the solution again boiled for 15 minutes. On cooling, the 
dihydroresorcinol derivative separated (2-5 g.); it crystallised from 
alcohol in needles, m. p. 130°, and gave a reddish-violet colour with 
ferric chloride (Found : C, 76-7; H, 9-6. C,;H,.0, requires C, 76-9 ; 
H, 95%). 
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Condensation of Piperitone with Ethyl Acetoacetate——Piperitone 
(from eucalyptus oil) was condensed with ethyl acetoacetate in the 
same way as pulegone; the yields of ketone O,,H,,.O were about 
10% by Barbier’s method and 6% in presence of sodium ethoxide, 
No keto-ester appeared to be formed. The ketone was isolated 
in the form of semicarbazone, m. p. 217° after crystallisation from 
alcohol (Found: C, 67-5; H, 9-3. C,,H,,0N, requires C, 67-4; 
H, 9-3%). The ketone regenerated from it had b..p. 155°/20 mm., 
d3:* 0-95821, n}* 1-49610, whence [Rz]p = 60-59. The properties 
of this substance have not yet been fully investigated. 


The authors’ thanks are due to the Chemical Society for a grant 
which has defrayed the cost of this investigation. 
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CCXV.—Properties of Conjugated Compounds. Part 
V. The Hydrogenation of Certain Extended 
Heterogeneous Systems. 


By Joun Trevor Evans and Ernest Harotp FARMER. 


Tue literature bearing on hydrogen addition to conjugated com- 
pounds containing simple butadienoid, extended or heterogeneous 
systems indicates an overwhelming and apparently exclusive 
tendency to the «8-attachment of hydrogen. Observations on the 
attachment of other addenda (see the previous papers of this series) 
render it certain that, although terminal products may frequently 
arise in the hydrogenation process, they cannot be the exclusive 
primary products of addition, unless (a) propenoid activity is absent 
as a feature of the hydrogenation process under all conditions, or 
(6) the position of equilibrium connecting alternative propenoid forms 
(as determined by the groups attached to the three-carbon chain) 
favours under all conditions of hydrogenation, excluding catalytic 
processes, the formation of terminal products. Experiments on 
the hydrogenation of different varieties of conjugated compounds 
have shown that terminal addition of hydrogen is not universal, and 
the hydrogenation of certain heterogeneous substituted butadienes 
will now be described. 

It has been recorded by one of us (J., 1923, 123, 2531, et seq.) that 
muconic acid, its esters and its ««’-dihalogenated (substituted) 
derivatives are converted by hydrogenation into A?-dihydro- 
compounds. In all the experiments with these substances the most 
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painstaking search has failed to reveal the presence of any trace of a 
A*-compound. To the methods previously employed, in which the 
reducing medium was strongly acid or alkaline, is now added that 
of reduction in neutral solution by means of aluminium amalgam. 
Ethyl muconate may be hydrogenated quite readily in this way, but 
the sole product is again the A’-compound. One of the objects of 
this prolonged series of reductions in the muconic group is to estab- 
lish beyond doubt that the muconic system, as representing a buta- 
diene chain symmetrically substituted by carbony], yields exclusively 
(so far as separative methods indicate), with hydrogen generated 
in the usual different ways, a product hydrogenated at the «3-carbon 
atoms. It has been sought to compare the hydrogenation product 
of the analogous, but unbalanced, heterogeneous compound 
CH,*CO-CH:CH-CH:CH:-CO,H with that of muconic acid : up to the 
present, however, the synthesis of this ketonic acid in adequate 
quantities has resisted our efforts. The butadiene monocarboxylic 
acids and ketones, on the other hand, are readily prepared in 
quantity, and the differentiation to be anticipated on polar grounds 
between their hydrogenated products and those of muconic deriv- 
atives is found in practice. 

Hydrogenation of crotylideneacetone (CHMe:CH:CH:CH-COMe) 
in moist ethereal solution by aluminium amalgam yielded upwards 
of 80% of a compound derived from two molecules of the ketone. 
This substance, doubtless a cyclised form of the diketone (I), 
absorbed four atoms of hydrogen when catalytically hydrogenated, 
and yielded by ozone oxidation acetaldehyde together with an 
aldehydic oil: the latter, not satisfactorily oxidisable with perman- 
ganate, yielded succinic acid when heated with a solution of chromic 
acid. 


CHMe:CH-CH-CH,"COMe CHMe:CH-CH:-CH-COMe 
iL.) | ~>CMe-OH 11.) 
CHMe:CH-CH-CH,"COMe CHMe:CH:-CH:CH, 


To this main reduction product, closely resembling the bimolecular 
reduction products of mesityl oxide and phorone, the formula (II) 
is assigned (although the very great resistance of the mesityl oxide 
product in particular towards permanganate, and its oxidation by 
chromic acid to a succinic acid—not to a glutaric acid—are some- 
what remarkable features for a compound of the monocyclic struc- 
ture assigned). The bulk of the residual reduction product con- 
sisted of an unsaturated, pinacol-like compound also derived from 
two molecules of the ketone : its constitution is uncertain. Simple 
dihydro-ketones were absent, or present only in very small 
proportion. 
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Sorbie acid yielded, when reduced in moist ethereal solution 
with aluminium amalgam, a mixture of A®- and Av-dihydrosorbic 
acids (CH,Me-CH:CH:CH,°CO,H and CHMe:CH-CH,°CH,°CO,H, 
respectively). A similar mixture was produced by reduction by the 
action of (a) aluminium amalgam on an aqueous neutral solution 
of sodium sorbate, (6) sodium amalgam on a glacial acetic acid 
solution of sorbic acid, and (c) sodium amalgam on an aqueous 
solution of sodium sorbate through which carbon dioxide was being 
passed. Weare indebted for the observation (c) to Mr. Goldberg, who 
first observed, while endeavouring to obtain pure A*-dihydrosorbic 
acid by a slight modification of Fittig’s sodium-amalgam method, that 
a reduction product of sorbic acid yielded acetaldehyde on ozonisation 
and therefore could not be the homogeneous Af-acid. An approxin.- 
ate estimate (representing a lower limit) of the Av-acid in these acid 
mixtures was made by estimating the succinic acid derived by 
permanganate oxidation in neutral solution. Under the conditions 
of the first three of the above-mentioned methods of reduction the 
proportions of the Av-acid were approximately 35, 40, and 30%,, 
respectively. The oxidation fragment complementary to succinic 
acid—acetic acid—was recognisable, although mixed with propionic 
acid arising from the A*’-acid; the malonic acid theoretically 
derivable from the A*-acid had, however, been entirely converted 
into acetic acid. 

Although the orientation of the hydrogenation products of sorbic 
acid appears very similar under the different experimental con- 
ditions, it is possible that in other instances the mode of generating 
hydrogen (as distinct from the capacity of the medium to bring about 
a «8—Sy change after the addition; compare the recent reduction of 
cinnamylidenefluorene by Kuhn and Winterstein, Helv. Chim. Acta, 
1928, 11, 123, in which the 1 : 4- is converted into the 3 : 4-dihydro- 
compound in akaline solution) has an effect on the orientation of 
the reduction products. Such a differential effect might be a 
reflexion, wholly or partly, of differences in the condition of the 
attacking hydrogen. Whether this be so or no, a major influence 
on the orientation of the products would seem to be that of the 
groups attached to the original butadiene system, as exemplified by 
the four isomeric methylbutadiene-«-carboxylic acids and the three 
toluic acids, some of which are at present being examined. 


EXPERIMENTAL. 

Hydrogenation of Ethyl Muconate in a Neutral Medium.—Ethy! 
muconate (28 g.), dissolved in moist ether, was left in contact with 
amalgamated aluminium foil for 16 hours. The ester obtained from 
the filtered product (24 g.) distilled at 127°/12 mm., leaving a small 
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residue, and was pure ethyl A*-dihydromuconate, homogeneity 
being established by the tests: (i) careful oxidation with dilute 
neutral permanganate at 0° yielded no succinic acid; (ii) the amide 
formed almost quantitatively with concentrated aqueous ammonia 
was the homogeneous amide of the A‘-ester (m. p. 212—214°); 
(iii) the acid derived by rapid hydrolysis with hydrochloric or 
dilute sulphuric acid was found on careful fractional crystallisation 
to consist only of A*’-dihydromuconic acid, m. p. 195°. 

Hydrogenation of Crotylideneacetone—The ketone (Meerwein, 
Annalen, 1908, 358, 85) (40 g.) was dissolved in moist ether and 
left in contact with amalgamated aluminium foil for 16 hours. 
Filtration of the product and evaporation of the solvent yielded a 
colourless oil, from which four fractions were obtained : (i) 1—1} g., 
b. p. below 80°/19 mm.; (ii) 2—3 g., b. p. 80—158°/19 mm. ; (iii) 
18 g., b. p. 158—168°/17 mm.; (iv) 8 g., b. p. 168—178°/17 mm. 
Fractions (ili) and (iv) were separately submitted to steam distil- 
lation : almost the whole of the former and the major portion of the 
latter distilled. The non-volatile material remaining in the mother- 
liquors was obtained, on extraction, as a very viscid liquid (2 g.), 
b. p. 175—180°/16 mm. : it possessed some of the characteristics of 
an unsaturated pinacol, but its exact constitution was not deter- 
mined. The combined aqueous distillates yielded a colourless, 
somewhat viscid liquid (b. p. 169—178°/23 mm.) which absorbed 
hydrogen readily (4 atoms per molecule on the formula assigned) 
when reduced catalytically, and arose apparently in strictly analogous 
fashion to the bimolecular reduction products of mesityl oxide and 
phorone. In view of its degradation products it is regarded as 
5-acetyl-1-methyl-3 : 4-dipropenyleyclopentan-l-ol (II) (Found: C, 
75-3; H, 9-6. C,,H,.0, requires C, 75:7; H, 9-9%). An examin- 
ation of the low-boiling portion of the reduction product (about 3 g.) 
derived from fractions (i) and (ii) showed it to be non-ketonic: it 
probably consisted of methylbutadienylcarbinol, but this constitution 
has not been confirmed. 

Oxidation of Acetylmethyldipropenylcyclopentanol.—The substance 
(2 g.), dissolved in chloroform (30 c.c.), was submitted to ozonisation 
for 6 hours. Removal of the solvent at reduced pressure yielded 
a pale yellow viscous ozonide, which was decomposed by gentle 
heating with water (30 ¢.c.). The vapours evolved during the decom- 
position were passed into aqueous p-nitrophenylhydrazine hydro- 
chloride, with which they yielded a bulky crystalline precipitate of 
acetaldehyde-p-nitrophenylhydrazone (m. p. 126° after recrystal- 
isation from aqueous alcohol; mixed m. p. with authentic specimen, 
126°). The aqueous liquor contained an oily aldehydic product which 
yielded a syrupy acid when cautiously oxidised with dilute perman- 
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ganate at 0°. This acid, the homogeneity of which was doubtful, 
was not further investigated. Since regulated oxidation of the 
cyclopentanolones derived from 1 : 4-diketones ‘appears rarely to 
be successful, the customary drastic reagent (chromic acid) for 
cyclopentanolone degradation was employed. A cyclic aldehyde 
derived by ozonisation of a substance of formula (II) should yield 
succinic acid on oxidation with chromic acid. 

Accordingly the ketone (10 g.), dissolved in glacial acetic acid 
(60 c.c.), was ozonised for 24 hours. To the product, diluted with 
a further 100 c.c. of acetic acid, a solution of chromic acid (100 g.) 
in 50°% aqueous acetic acid (160 c.c.) was gradually added. The 
reaction, which at first required moderating by cooling, was com. 
pleted by gently refluxing the mixture for 1 hour. Chromium was 
then removed from the cooled oxidation mixture by addition of 
alkali and filtration. The filtrate was evaporated to dryness, and 
the residue, after being acidified and again evaporated, was finely 
powdered and extracted with acetone. The extract gave a con- 
siderable amount of succinic acid. 

A compound of formula (II) should give rise, by the degradation 
of a diozonide, to two molecules of acetaldehyde, or on oxidation 
with permanganate to two molecules of acetic acid. Attempts to 
estimate the acetic acid produced by degradation were made, but 
although considerable quantities of the crude acid were obtained, the 
presence of volatile acidic impurities rendered the figures valueless. 

Hydrogenation of Sorbic Acid.—(a) By aluminium amalgam in a 
neutral medium. Amalgamated aluminium foil was allowed to react 
for 24 hours with a solution of sorbic acid in a large volume of moist 
ether. The filtered solution was washed once with water, dried, 
and evaporated. The oily residue was dissolved in light petroleum, 
and the solution twice cooled to —25° and decanted. Some 
unchanged sorbic acid was thus separated. After removal of the 
solvent the residual oily acid distilled at 96—98°/12 mm., leaving 
a trace of sorbic acid and a quantity of viscous liquid (possibly a 
bimolecular reduction product). The oily acid, which was obtained 
in good yield, did not solidify when cooled to —25° and its boiling 
point did not change on redistillation. It consisted of a mixture of 
A’. and Ay-dihydrosorbic acids as shown by oxidation (Found: 
C, 63-2; H, 8-6. Calc. for C,H,,0,: C, 63-2; H, 88%). 

(b) By sodium amalgam in an acid medium. To a solution of 
sorbic acid (25 g.) in excess of glacial acetic acid, 3% sodium amalgam 
was added in small portions during 7 hours. A large volume of 
water was added, the mercury separated, and the solution thoroughly 
extracted with ether. The ethereal solution was washed several 
times with water, the ether evaporated, and the bulk of the residual 
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acetic acid distilled at ordinary pressure through a short column. 
The residue was dissolved in petroleum, freed from unchanged 
sorbic acid as in (a), and distilled at reduced pressure. An oily 
acid (b. p: 102—103°/16 mm.) was obtained which did not solidify 
at —25° and was indistinguishable from the acid mixture obtained 
in (a). This also was a mixture of A®- and Ay-dihydrosorbic acids 
(Found: C, 63-4; H, 8-4; M (dibasic), 115. Cale. for C,H, 0, : 
C, 63-2; H, 88%; M, 114]. 

(c) By aluminium amalgam and sodium sorbate. Amalgamated 
aluminium foil was allowed to react with a neutral, aqueous solution 
of sodium sorbate for 24 hours. The resulting liquor was filtered, 
acidified, and extracted with ether. Again an oily acid (b. p. 
96—98°/12 mm.), indistinguishable from the mixtures of A®- and 
Ay-dihydrosorbic acids previously obtained, resulted. 

Oxidation of Mixtures of Dihydrosorbic Acids.—Specimens of each 
of the three mixtures obtained as above were oxidised with 3% 
permanganate in neutral solution. It was desired to estimate the 
succinic acid produced and obtain an approximation to the propor- 
tion of the Av-acid in the acid mixture. 

The acid, suspended in much water, was cooled to 0° and vigor- 
ously stirred. An amount of permanganate corresponding to 4 
atoms of oxygen per molecule of dihydrosorbic acid was gradually 
added. The product was worked up in the usual way (the mangan- 
ese mud being thoroughly extracted with water), and the aqueous 
liquor concentrated to small bulk on a steam-bath. The product 
was acidified with the calculated quantity of hydrochloric acid and 
thoroughly extracted with ether. The mother-liquor was evapor- 
ated at room temperature in an evacuated desiccator, and the solid 
residue repeatedly extracted with acetone. The ethereal extract, 
evaporated under a long column, yielded a mixture of solid and liquid 
acids, the acetone extract almost entirely a solid acid. The solid 
acid from each extract was succinic acid: malonic acid, which 
should arise from A*-dihydrosorbic acid, had been entirely converted 
into acetic acid. The liquid portion of each oxidation product was 
distilled : after removal of the low-boiling material, the first fraction 
was collected up to 120°, the second at 120—135°, and the last few 
drops of distillate separately; some succinic acid remained in the 
flask. 

A portion of the first fraction was converted into its p-bromo- 
phenacyl ester (Judefind and Reid, J. Amer. Chem. Soc., 1920, 42, 
1047), which, after recrystallisation until its melting point was 
constant, was found to be pure p-bromophenacy] acetate (m. p. 84°; 
mixed m. p. with authentic specimen, 84°). The last fraction simi- 
larly yielded the p-bromophenacyl ester of propionic acid, which 
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after recrystallisation melted at 57—58° (mixed m. p., 58°). The 
yields of succinic acid obtained by the three methods of reduction 
correspond to the following proportions of Ay-dihydrosorbic acid 
in the hydrogenated product: (a) 35%; (b) 40%; (c) 30%. 


The authors desire to express their indebtedness to the Chemical 
Society for a grant (to J. T. E.) which has defrayed a portion of the 
cost of this investigation. 


THE IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, 8.W. 7. [ Received, March 22nd, 1928.]} 


CCXVI.—Mobile Anion Tautomerism. Part II. A 
Complementary Study of the Mechanism of 
Anionotropic Change, with Special Reference to 
the Fate of the Mobile Anion. 


By Harotp Burton. 


In Part I (Burton and Ingold, this vol., p. 904) it was shown that the 
mobility of the group X in the three-carbon anionotropic system 
R:CHX:CH:CHR’ — R-CH:CH:CHXR’ followed the order of the 
anionic stability of X (e.g., Br>OAc>OH) and the power of R and 
R’ to supply electrons. Both circumstances suggested that when 
X leaves the carbon atom to which it is attached it does so as a 
real or potential anion; i.¢., it carries with it the electrons which 
previously it shared. The precise fate of X, once it has broken 
from its attachment, was not examined in detail in Part I, but two 
alternative hypotheses were suggested. The first (I) was that 
concomitantly with the elimination (ionisation) of X, its equivalent, 
derived from an assumed catalyst such as HX, may be introduced 
into the new position by an internal cyclic process : 


H H 
x \x = 
2 S — .. + 
RCH CHR’ RCH HR’ 
NCH” oH 


The second alternative (Il) was that X leaves the molecule as X® 
in combination with a catalyst (e.g., solvent molecule) to be returned 
subsequently to the electromeric cation derived from another 
molecule : 


® 
R-CHX-CH-CHR’ == R-CH-CH.CHR | 4+ X=,(Catalyst) (IL.) 


t 
R-CH:CH-CHXR’ == R-CH:CH-CHR’ 
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The type of combination with the catalyst necessary to bring 
about the removal of X was left undetermined, and the further 
juestion therefore arose whether the production of a co-ordinate 
ink is required, or whether the formation of residual electrovalencies 
yising from attraction due to external molecular fields (‘‘ molecular 
ombination,” “‘ dipole association,’ etc.) would suffice. Further- 
nore, the volatile, non-salt-like character of the anionotropic 
sbstances described in Part I indicated that the ionisation of X 
night not be followed by dissociation of the ions, so that X= might, 
throughout the isomeric change, remain in electrovalent association 
vith the cation of the molecule which gave rise to it. Thus the 
possible modifications of mechanism (II) are : 

(IIa) Covalent interaction with catalyst, and ionic dissociation. 

(IIb) Moiecular association with catalyst, and ionic dissociation. 

(IIc) Covalent interaction with catalyst; ionisation but no 
lissociation. 

(IId) Molecular association with catalyst; ionisation but no 
lissociation. 

Asuitable example for detailed study is the conversion of «-phenyl- 
illyl p-nitrobenzoate into cinnamyl p-nitrobenzoate : 


(-CO-C,H,NO, 0-CO-C,H, NO, 
Ph-CH-CH:CH, “ Ph-CH:CH-CH, 


The advantages offered by this example are: (1) Both isomerides 
we crystalline and are easily identified. (2) In three-carbon 
wstems terminated by a single phenyl group the reaction proceeds 
ubstantially in one direction and experimental complications 
wising from a considerable retrograde reaction are avoided (com- 
pare Part I). (3) The mobility is of the right order of magnitude for 
ietailed study, interchange occurring at an elevated temperature, 
and not taking place at an appreciable speed at the ordinary temper- 
ature in the presence of any of the reagents or solvents used in this 
uvestigation; the equilibrated system, therefore, can be “ fixed ” 
by rapid cooling, and disturbances during the isolation of the 
products obviated. 

The main portion of this work has therefore been carried out with 
the substances mentioned, although experiments with a number of 
(ther anionotropic individuals are described. The stages in which 
the investigation has proceeded are : 

(1) «-Phenylallyl p-nitrobenzoate was left for some months with- 
ut change in solution in acetic acid, acetic acid containing a few 
itops of 30% hydrobromic acid, and alcoholic hydrochloric acid. 
hese observations tell against mechanisms (I), (IIa), and (IIc), 
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for which either a weak or a strong acid ought to furnish the bes; 
possible catalyst. 

(2) In boiling acetic anhydride «-phenylallyl p-nitrobenzoatg 
passes smoothly into its isomeride. This appears to excluddl.,. 
mechanism (I), according to which the products of the change should. 
be cinnamyl acetate and p-nitrobenzoic-acetic anhydride. They 
is, however, one other alternative, namely, that the mixed anhydride 
might react with cinnamyl acetate, yielding cinnamyl p-nitroben 
oate and acetic anhydride. 

(3) If this were so, «-phenylallyl alcohol on treatment with a 
equivalent of the mixed anhydride in acetic anhydride solutioy 
should yield only cinnamyl p-nitrobenzoate. Actually _ both 
cinnamyl acetate and cinnamyl p-nitrobenzoate are formed, sof, 
mechanism (I) is definitely eliminated. 


(4) Final confirmation was obtained by heating cinnamy] acetatdli,, ; 


with an equivalent of p-nitrobenzoic-acetic anhydride under th 
conditions used in the experiments of sections (2) and (3). Naf 
double decomposition occurred. t 
(5) Carbonyl groups are well known for the facility with whic 
they form co-valency addition compounds with anions, ¢.g., in thé 
alkaline hydrolyses of esters (Ann. Reports, 1927, 24, 157), and the 


catalytic activity of acetic anhydride might therefore be due toff.. 


this cause (hypotheses IIa and IIc). The dielectric constant 6 


acetic anhydride is 20°5, and the external electrostatic field, ag; 


measured by the molecular dipole moment, must be considerable 
and might also be the cause of its catalytic activity (hypothese 


IIb and IId). Benzonitrile has about the same dielectric constant a ‘ 


acetic anhydride, namely, 26, but chemical evidence shows that tha 
ability of the cyano-group to form covalency addition compoundg, 
with anions, if not nil, is at least negligible in comparison with tha 
of carbonyl. Substitution of benzonitrile for acetic anhydride ag; 
solvent for the isomerisation showed that conversion occurTe 
equally smoothly and completely. These experiments favou 
mechanisms I]6 and Id and are against Ia and IIc. 

(6) Unsuccessful attempts were made to find an inert solvent 
having a dielectric constant of 20 or more, in which covalent unio 
with an anion is structurally impossible. Chlorobenzene fulfils thé 
necessary structural requirements, although its dielectric constat 
is only 11 (dipole moment 1-58 x 10-1* E.8.U.). Isomeric changt 
occurred smoothly and substantially completely in this solvent§, 
although definitely more slowly than in the solvents having dielectr 
constants of about 20. Mechanisms IIa and IIc were thus exclude 
II6 or IId confirmed. 

(7) On either of the latter views it is to be expected that i 
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y-xylene (dielectric constant 2) the change would proceed with 
“Hifficulty or not at all, since there are no pre-formed dipoles 
n this substance, although the anion itself might cause some 
polarisation. Actually under conditions comparable with those 
sed in (6), a slow and partial isomerisation occurs, together with 
smultaneous decomposition, the products of which, rather than 
Tithe xylene, may be responsible for catalysing the interconversion 


i . sbserved. 


(8) Finally, decision between mechanisms IIb and IId was 
tained by heating «-phenylallyl p-nitrobenzoate in acetic 
uhydride as under (2), except that an equivalent of acetate ions 


iotfivas introduced in the form of tetramethylammonium acetate. 


If the ionisation and subsequent re-co-ordination of the p-nitro- 
bnzoyloxy-group is intramolecular (hypothesis IId), the presence 
{the tetramethylammonium acetate should make no difference to 
ie isomeric change (excepting in so far as it might alter the dielectric 
ig@ionstant of the medium); on the other hand, if ionisation is followed 
by dissociation (hypothesis IIb), the recombination of the anion 

ith the cation will be inhibited by the competition of the acetate 
ms, and a large proportion of cinnamy] acetate should be produced. 
@octually the product was a mixture of cinnamyl acetate and cinn- 
uy! p-nitrobenzoate, in which the former preponderated, the ionic 
lissociation hypothesis thus being confirmed. 

Conclusions.—The study of the mechanism of anionotropic change 
“Kivides itself into two portions : 
(1) The behaviour of the electrons in the electromeric cation 
“Ender different conditions of structure, (2) the behaviour of the 
‘“Bliminated anion under different conditions of catalysis. Aspect (1) 
Ws studied in Part I (loc. cit.), and as regards aspect (2) it is now 
hown that the mobile group undergoes ionic dissociation promoted 
ly some molecular property of the solvent closely related to its 
"Melectric constant. It is suggested that the anion combines 
“Pectrostatically with the catalyst by means of the pre-existing, plus 
ie induced, dipolar field of the latter. 


EXPERIMENTAL, 


Conversion of «-Phenylallyl p-Nitrobenzoate into Cinnamyl p-Nitro- 
przoate—A mixture of «-phenylallyl p-nitrobenzoate (10 g.) and 
etic anhydride (20 c.c.) was boiled for 6 hours and then poured 
pEito water. The precipitate (8 g.), m. p. 75° after being washed with 
"water and cold alcohol, gave after one crystallisation from alcohol 
pure cinnamyl p-nitrobenzoate, m. p. and mixed m. p. 77—78°. The 
lcoholic washings contained a dark oil, but the quantity was too 
_Puall for examination. 
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Simultaneous Formation of Cinnamyl Acetate and Cinnamyl p. 
Nitrobenzoate from «-Phenylallyl Alcohol._—A mixture of «-pheny). 
allyl aleohol (4-6 g.), p-nitrobenzoyl chloride (6-4 g.), dry sodium 
acetate (2-82 g.), and acetic anhydride (20 c.c.) was boiled for 6 
hours. The mixture was poured into water, and the semi-solid 
precipitate washed with cold alcohol. Theresidue (4-85 g.) contained 
cinnamyl p-nitrobenzoate (1-35 g.), which was isolated by washing 
with dilute sodium hydroxide solution, and the alcoholic washings 
yielded 3 g. of cinnamy!] acetate, b. p. 140°/16 mm., and a further 
quantity (0-65 g.) of the nitrobenzoate. 

When cinnamyl acetate was acted on by a mixture of p-nitro. 
benzoyl chloride and sodium acetate under the above conditions, it 
was recovered unchanged. 

Other Methods of converting «-Phenylallyl p-Nitrobenzoate into 
Cinnamyl p-Nitrobenzoate——(a) A solution of the nitrobenzoate 
(5 g.) in benzonitrile (10 c.c.) was heated at 140° for 6 hours. When 
the dark solution was poured into an excess of petrol, 0-2 g. of a dark, 
flocculent precipitate remained undissolved. The filtrate slowly 
deposited colourless crystals of cinnamyl p-nitrobenzoate (1 g.), 
m. p. 77—78°, and a further quantity (2-5 g.) was obtained by steam 
distillation of the mother-liquor to remove volatile products, and 
trituration of the partly solid residue with alcohol. 

(b) Solutions of the nitrobenzoate (2-5 g.) in chlorobenzene 
(5 c.c.) were boiled for 6 and 72 hours, respectively. The cinnamy] 
. derivative was not formed in recognisable amount in the first case, 
but formed the major part of the product in the second. 

(c) Experiments (b) were repeated with p-xylene in place of 
chlorobenzene. No change was observed after 6 hours, but when 
reaction took place for 72 hours and the resulting dark brown 
solution was steam-distilled, a semi-solid residue was obtained. This 
was dissolved in alcohol, and after 2 days crude cinnamy]! p-nitro- 
benzoate (0-85 g.) separated; no definite product could be isolated 
from the mother-liquor. 

a-Phenylallyl p-nitrobenzoate decomposes when it is heated at 
140° for 6 hours with glycerol or chlorohydrin. 

Formation of Cinnamyl Acetate from «-Phenylallyl p-N itrobenzoate. 
—A mixture of «-phenylallyl p-nitrobenzoate (10 g.), tetramethyl- 
ammonium acetate (4-7 g.), and acetic anhydride (20 c.c.) was boiled 
for 6 hours. The dark reaction mixture was either (a) fractionated, 
the bath being heated to 200° to ensure that the last trace of cinnamy! 
acetate was given off (yield of crude acetate, 4g.; b. p. 134°/10 mm.), 
or (b) poured into warm water, and the precipitated p-nitrobenzoic 
acid separated and washed with ether. The ethereal washings 
together with the ethereal extract of the aqueous filtrate yielded 
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on evaporation a further quantity of the acid; total, 3-5 g. The 
residue on distillation gave 4-0 g. of cinnamyl acetate, b. p. 
134°/10 mm., leaving 2-5 g. of crude cinnamyl p-nitrobenzoate in 
the flask. 

Further examples of transformations similar to those recorded on 
p. 1653 are the production of p-chlorocinnamy] p-nitrobenzoate and 
3-methylcinnamyl p-nitrobenzoate from  «-p-chlorophenylallyl 
p-nitrobenzoate and «-m-tolylallyl p-nitrobenzoate, respectively. 

Attempted Transformations in Other Solvents —A solution of 
«-phenylallyl alcohol or its p-nitrobenzoate in chloral (compare Part 
I, p. 909) was heated at 65° for 6 hours, and a solution of «-phenylallyl 
alcohol in benzonitrile was treated as described on p. 1654. In no 
case was isomerisation into the cinnamy]l derivative noticed. 

a-p-Chlorophenylallyl Alcohol, C,H,Cl-CH(OH)-CH:CH,.—The 
Grignard reagent prepared from magnesium (6 g.), p-chloroiodo- 
benzene (60 g.), ether (100 c.c.), and a trace of iodine was cooled 
below 0° and treated during 1 hour with a solution of acraldehyde 
(14 g.) in ether (72 c.c.). The mixture was well stirred for a further 
3 hours and then decomposed by ice and dilute hydrochloric acid. 
The oil obtained after extraction with ether, washing with sodium 
bicarbonate solution, drying, and evaporation was distilled, and a 
fraction (20 g.), b. p. 125—128°/12 mm., collected. The alcohol 
boils at 122—123°/10 mm. (Found: Cl, 21-4. C,H,OCl requires 
Cl, 21-05%). The high value for chlorine is probably due to a small 
amount of impurity (see below) which cannot be eliminated by 
repeated distillation. The p-nitrobenzoate was prepared as described 
for the phenylallyl analogue (Burton and Ingold, loc. cit.), but it was 
necessary to crystallise the crude product five times from methyl 
alcohol, colourless, glistening plates, m. p. 81—82°, being formed 
(Found: C, 60-5; H, 3-9. C,,H,,0,NCl requires C, 60-45; H, 
38%), and when the mother-liquors were partly evaporated in a 
vacuum a small quantity of a substance was obtained which separated 
from ethyl alcohol in long, silky needles, m. p. 170° after previous 
softening (Found : CO, 56-5, 56-5; H, 3-4, 3-3%). 

Conversion of «-p-Chlorophenylallyl Alcohol into p-Chlorocinnamyl 
Alcohol_—A mixture of «-p-chlorophenylallyl alcohol (11-5 g.) and 
acetic anhydride (12 c.c.) was boiled for 6 hours and then distilled, 
37 g. of the unchanged alcohol and 8 g. of an acetate, b. p. about 
155°/11 mm., being obtained. The latter, on hydrolysis with 5% 
alcoholic potassium hydroxide (200 g.) for 3 hours, yielded p-chloro- 
cinnamyl alcohol, which crystallised from ligroin (b. p. 40—60°) in 
clusters of long, colourless needles, m. p. 57—58° (Found: C, 64:2; 
H, 5-55. C,H,OCl requires C, 64:1; H,5-4%). The p-nitrobenzoate, 
prepared by the pyridine method, crystallised from alcohol in 
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almost colourless, prismatic needles, m. p. 130—131° (Found: 
C, 60-5; H, 3-9. C,,.H,,.0,NCl requires C, 60-45; H, 3-8%). 

Bromide from «-p-Chlorophenylallyl Alcohol (p-Chlorocinnamyl 
Bromide, C,H,Cl-CH:CH-CH,Br).—To the alcohol (8-4 g.), cooled in 
ice, a cold solution of hydrogen bromide in glacial acetic acid (30%, ; 
50 g.) was added gradually. After solution occurred, a colourless, 
crystalline mass separated, which was poured into water, collected, 
washed free from acetic acid, and dried (yield 10 g.). The bromide 
dissolves readily in hot glacial acetic acid and separates, on cooling, 
in colourless plates, m. p. 62--63° (Found: 0-1910 gave 0-2732 
AgCl + AgBr. C,H,ClBr requires AgCl + AgBr = 0-2732). The 
same bromide was obtained from p-chlorocinnamy] alcohol. Ozono- 
lysis of a chloroform solution of the bromide (see Burton and Ingold, 
loc. cit.) gave p-chlorobenzoic acid and bromoacetaldehyde. 

a-m-Tolylallyl Alcohol, C,H,Me-CH(OH)-CH:CH,.—The Grignard 
reagent prepared from magnesium (12 g:), m-iodotoluene (109 g.), 
ether (250 c.c.), and a trace of iodine was treated with a solution of 
acraldehyde (28 g.) in ether (100 c.c.) as described for the chloro. 
compound. The gummy reaction product was decomposed with ice 
and dilute acetic acid, and the oil obtained fractionated. ' The 
alcohol boils at 115—117°/11 mm., and is a colourless mobile oil 
(yield, 30%). The p-nitrobenzoate, prepared by the pyridine method, 
crystallised from alcohol in almost colourless, glistening plates, 
m. p. 53° (Found: C, 68-75; H, 4:7. C,,H,,0,N requires C, 68-7; 
H, 5-1%). 

a-3-Methyleinnamyl Alcohol, Cg,H,Me-CH:CH-CH,-OH.—The 
transformation of «-m-tolylallyl alcohol into 3-methyicinnamy] 
acetate, b. p. about 145°/13 mm., was complete after 6 hours’ 
boiling with acetic anhydride. Hydrolysis of the acetate furnished 
3-methylcinnamyl alcohol, b. p. 137—140°/11 mm., as a colourless, 
mobile oil, which could not be induced to solidify. The p-nitro- 
benzoate separated from alcohol in almost colourless, prismatic 
needles, m. p. 63—64° (Found: C, 68:5; H, 4:8. C,,H,,0,N 
requires C, 68-7; H, 5-1%). 

Bromide from «-m-Tolylallyl Alcohol—The bromide was prepared, 
in a similar manner to the corresponding p-chloro-compound, from 
the tolylallyl alcohol (7-5 g.) and an acetic acid solution of hydro- 
bromic acid (30%; 50 g.); after 15 minutes, the dark solution was 
poured into water. The bromide, extracted with ether and washed 
free from acids by sodium bicarbonate solution, was a straw-coloured 
oil, b. p. 138—140°/11 mm. (with slight decomp.), which slowly 
decomposed into a black, viscous mass. Ozonolysis of a chloroform 
solution of a freshly prepared specimen, and subsequent decom- 
position of the oily ozonide with boiling water, gave mainly m-toluic 
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aid and bromoacetaldehyde, together with a small quantity of a 
volatile aldehyde (formaldehyde ?). 


The author wishes to express his thanks to Professor C. K. 
Ingold, D.Sc., F.R.S., for his valued advice and criticism, and to the 
Government Grant Committee of the Royal Society for a grant which 
has helped to defray the cost of this investigation. 
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(CXVIT.—ay-Diamino-B-phenylpropane and Related 
Compounds of Pharmacological Interest. 


By JosEPH GILBERT JACKSON and JAMES KENNER. 


BorH ethylenediamine and ae-diaminopentane are characterised 
pharmacologically by a depressant action on the blood pressure 
(loetta and Wiinsche, Arch. exp. Path. Pharm., 1923, 96, 307; 
Barger and Dale, J. Physiol., 1920, 41, 19), and although the be- 
viour of other polymethylenediamines in this respect does not 
ppear to have been recorded, it may be anticipated that they would 
ert a Similar effect. This is in interesting contrast with the well- 
iown sympathomimetic or pressor influence of 8-phenylethylamine 
d related compounds (Barger and Dale, loc. cit.). It therefore 
emed worthy of inquiry whether «y-diamino-8-phenylpropane, 
HPh(CH,*NH,),, would behave as an intensified 8-phenylethyl- 
mine, or whether its relationship to «y-triaminopropane would 
tvolve more or less complete suppression of any sympathomimetic 
tion. 
The base and its NN’-dimethyl derivative have therefore been 
repared by applying the usual series of reactions to $-phenyl- 
uardthydrazide, CHPh(CH,°CO-NH-NH,),, and kindly examined 
y Dr. S. J. Cowell in the laboratory of Professor E. Mellanby, 
RS. They were found to produce no appreciable effect upon the 
ood pressure of a cat, and, further, although Barger and Dale 
. cit.) found that the introduction of hydroxyl groups in the 
or 3: 4-positions intensifies the activity of %-phenylethylamine, 
le hydrobromides of «y-diamino-8-4-hydroxyphenylpropane and of 
-diamino-8-3 : 4-dihydroxyphenylpropane are also reported by 
.J. H. Burn to be devoid of all but traces of a sympathomimetic 
tion. 
The stereochemical considerations previously discussed (Jackson 
id Kenner, this vol., p. 573) suggest that the intramolecular con- 
Pa of diacyl derivatives of «y-diamino-$-phenylpropane will 
I 


1658 JACKSON AND KENNER: «ay-DIAMINO-$-PHENYLPROPANE 


only result in the formation of one dihydroisoquinoline ring, and this 


was confirmed by experiment. 2 
4-Aminomethyl-1-methyl-3 : 4-dihydroisoquinoline, = 
' CH(CH,:NH,)-CH, 
CoH aye “a 
and the corresponding 1-phenyl derivative, thus obtained, may § 17, 
also be considered as compounds in which elements favouring § 
pressor and depressor actions respectively are combined, since, for 
example, 6: 7-dimethoxy-3 : 4-dihydrotsoquinoline hydrochloride pp 
(Pyman, J., 1908, 95, 1743), as well as hydrastinine and cotarnine, pr 
exerts a depressant action. In the new compounds, however, the§ .., 
two effects are not as nicely balanced as in wy-diamino-f-phenyl-§ ;,. 
propane, since, as Dr. Cowell found, administration cf each com- die 
pound causes definite depression of the blood pressure of a cat. “a 
EXPERIMENTAL. kis 
Ethyl $-phenylglutarate is a colourless viscous oil, b. p. 180— lysi 
184°/14 mm. (Found : C, 68-3; H, 7-5. CysHy90, requires C, 682; U! 
H, 76%). tall 
8-Phenylglutardihydrazide, prepared from the ester, crystallises alk 
from absolute alcohol in long prisms, m. p. 177°, easily soluble in NN 
water (Found: N, 24-0. C©,,H,,0,N, requires N, 23-8%). asd 
In order to obtain the corresponding urethane, amyl nitrite (15g) 
was added to a solution of the dihydrazide (9 g.) in absolute alcohol C1, 
(500 c.c.) which had been cooled to 25° before treatment with a 
solution of dry hydrogen chloride (3 g.) in absolute alcohol. After filtr 
the mixture had been heated until the evolution of nitrogen was bror 
complete, the solvent was removed by the aid of steam. By Ire 
extraction with benzene, the urethane was obtained as a browng '°4' 
syrup (11 g.), from which crystals slowly separated. By crystallis hyd 
ation from benzene-light petroleum, long, colourless needlesg “YS 
m. p. 73—74°, insoluble in water and ligroin, were obtaineig P"*! 
(Found : N, 9:7. C,;H,,0,N> requires N, 9:5%). lisa 
The urethane syrup (70 g.) was boiled with hydrobromic aci 63° | 
(b. p. 125°; 700 c.c.) for 6 hours, and the major portion of the acid 4" 
was then removed from the hot filtered solution by distillation: —_ 
8-Phenylglutaric acid (10 g.) was recovered from the residual liqu 145 é 
by extraction with ether. Evaporation of the aqueous solution to xia 
syrupy consistency furnished «wy-diamino-6-phenylpropane hydng 4-. 
bromide (32 g.), which separated from alcohol-ether in colourles salut 
prisms, melting at 252° and decomposing at 272° (Found : Br, 51 : aah 
CyH,,N.,2HBr requires Br, 51-3%). The free base, b. p. 150°/! ‘im 
mm., is miscible with water in all proportions, giving an alkalit nm 


solution, and is rapidly converted in the atmosphere into its ¢ 
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bonate, m. p. 172° (decomp.). The picrate separates from alcohol in 
yellow prisms, m. p. 247° (decomp.) (Found : N,19-0. C,,H,)0.,N, 
requires N,18-5%). The diacetyl derivative crystallises from benzene 
in stout prisms, m. p. 153—154°, easily soluble in water, aleohol and 
hot benzene (Found: N, 12-1. C,;H,gO,N, requires N, 120%). 
The dibenzoyl derivative separates from alcohol in colourless needles, 
m. p. 179°, easily soluble in alcohol, but very sparingly soluble in 
water (Found: N, 7-9. C,3H.0,N, requires N, 7:8%). The 
pp’-ditoluenesulphonyl derivative crystallises from alcohol in slender 
prisms, m. p. 91° (Found : N, 6-2. C,3H,,0,N,8, requires N, 6-1%), 
and was easily converted by means of methyl sulphate into NN’- 
dimethyl - NN’- di - p - toluenesulphonyl - xy - diamino-8-phenylpropane, 
m. p. 60°, which could not be crystallised and was therefore purified 
by pouring its solution in cold concentrated sulphuric acid into 
water (Found: N, 5-7. C,;Hs,0,N.8, requires N, 58%). Hydro- 
lysis occurred when a solution of the methyl derivative (5 g.) in 
sulphuric acid (20 c.c.) and glacial acetic acid (10 c.c.) was main- 
tained at 100° for 8 hours. The mixture was then made strongly 
alkaline, and the base removed in steam. From the distillate, 
NN’-dimethyl-wy-diamino-8-phenylpropane hydrochloride was pre- 
pared in the usual manner; it crystallised from alcohol-ether in 
prisms, m. p. 249° (Found: Cl, 28-1. C,,H,,N.,2HCl requires 
Cl, 28-2%). 

y-Amino-8-phenylbutyric acid hydrobromide, isolated when the 
filtrate from the preparation of phenyldiaminopropane hydro- 
bromide was evaporated, separated from benzene in colourless, 
regular plates, m. p. 114° (Found: N, 5:5. C, )H,,;0,.N,HBr 


wig tequires N, 5-4%). On treatment with cold 10° aqueous potassium 


hydroxide solution, 4-phenyl-2-pyrrolidone was obtained, which 
crystallised from benzene-light petroleum in colourless, hexagonal 
prisms, m. p. 60° (Found: N, 8-9. Cy, 9H,,ON requires N, 8-7%). 
Its acetyl derivative separated from alcohol in hexagonal plates, m. p. 
63° (Found: C, 70-5, 70-8; H, 6-8, 7-2; N, 7-4, 7-6. C,H ,,0.N 
requires C, 71-0; H, 6-4; N, 69%). The benzoyl derivative 
crystallised from benzene-light petroleum in colourless prisms, m. p. 
@ 145° (Found : C, 76-7, 77-2; H, 5-6,5-4; N,5:3. C,,H,,0, requires 
C,77-0; H, 5-7; N, 5-3%). 
4-Aminomethyl-1-methyl-3 : 4-dihydroisoquinoline resulted when a 
a Solution of diacetylphenyldiaminopropane (5 g.) in toluene (150 c.c.) 
was boiled with phosphoric oxide (30 g.) for 12 hours, and for a 
further 8 hours after addition of more pentoxide (5 g.). The 
decanted solution was treated with water, toluene removed in steam, 
and the residue rendered alkaline; the base (1-5 g.) then separated. 
It crystallised from benzene in colourless, hexagonal plates, m. p. 


1660 JACKSON AND KENNER: «ay-DIAMINO-8-PHENYLPROPANE 


182°, easily soluble in alcohol and dilute acids (Found: C, 75-6; 
H, 8-4; N, 16-0. C,,H,,N, requires C, 75-8; H, 8-0; N, 16-1%), 
and its hydrochloride separated from a mixture of alcohol and ether 
in slender prisms, m. p. 222°, very soluble in water. 

4-Aminomethyl-1-phenyl-3 : 4-dihydroisoquinoline—The _ benzoyl 
derivative (7 g.) of this base was obtained by boiling a solution of 
dibenzoylphenyldiaminopropane (10 g.) in toluene (500 c.c.) with 
phosphoric oxide (40 g.) for 26 hours, and separated when the acid 
solution of the reaction products was almost neutralised. The free 
base (0-1 g.) and unchanged dibenzoyl derivative (0-2 g.) were 
recovered when the liquors were rendered alkaline. The benzoyl 
derivative crystallised from alcohol in long prisms, m. p. 114° 
(Found : N,8-5. C,;H,,ON, requires N, 8-2%), and was converted, 
by boiling 50°% sulphuric acid, into the free base. This separated 
from aqueous alcohol in colourless leaflets, m: p. 169° (Found: 
C, 81-6; H, 7-1; N, 12-1. C,,H,,N, requires C, 81-4; H, 68; 
N, 11-8%). Its dihydrochloride formed colourless prisms, m. p. 
291°. 

Ethyl p-methoxyphenylpropane-axy-tricarboxylate was produced 
when ethyl malonate (214 g.) and ethyl p-methoxycinnamate 
(280 g.) were mixed with a solution of sodium (30 g.) in absolute 
alcohol (500 g.), the whole being kept at the ordinary temperature 
for 14 days. The ester (275 g.) was a yellow, viscous oil, b. p. 
225—240°/12 mm. (Found: C, 62-5; H, 7-0. Cj, ,H,,O, requires 
C, 62-4; H, 7-1%). Hydrolysis readily ensued when the ester 
(60 g.) was mixed with a solution of sodium hydroxide (40 g.) in 
water (50 c.c.) and alcohol (21 c.c.). After the reaction had sub- 
sided, and the product had been dissolved in water (200 c.c.), 
methoxycinnamic acid (3 g.) was precipitated by partial acidific- 
ation. After concentration of the solution to 100 c.c., and further 
acidification, the crude tricarboxylic acid was removed by ether and 
converted at 130° into the dicarboxylic acid. After crystallisation 
from hot water, §-p-methoxyphenylglutaric acid (35 g.) was obtained 
in colourless prisms, m. p. 165° (Found: C, 60-6; H, 6-2; equiv., 
121-5. C,,H,,0; requires C, 60-5; H, 5-9%; equiv., 119). It was 
characterised by its anhydride, slender prisms, m. p. 152° (Found : 
C, 65-2; H, 5-6. C,.H,,0, requires C, 65:5; H, 5:-5%), its methyl 
ester, slender prisms, m. p. 42°, b. p. 205—210°/20 mm. (Found: 
C, 63-1; H, 6-6. C,,H,,0O; requires C, 63-2; H, 6-8%), its ethyl 
ester, b. p. 206—210°/14 mm. (Found: C, 64-9; H, 7-5. C,gH»90; 
requires C, 65-3; H, 7-5%), and its dihydrazide, needles, m. p. 190° 
(Found: C, 54-2; H,6-8. C,,H,,0,N, requires C, 54-2; H, 6-8%). 
The corresponding diurethane separated from aqueous alcohol in 
slender prisms, m. p. 99—100° (Found : C, 59-2; H, 7:8. C,,H,,0;N, 
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requires C, 59-3; H, 7-4°%). Hydrolysis with boiling hydrobromic 
acid (d 1-45) was accompanied by demethylation. 

ay-Diamino-8-p-hydroxyphenylpropane dihydrobromide crystallised 
from alcohol-ether in irregular prisms, m. p. 316°, easily soluble in 
water and furnishing a violet coloration with ferric chloride (Found : 
Br, 49-3. C,H,,ON,,2HBr requires Br, 48-8°%). The. tribenzoyl 
derivative crystallised from alcohol in nodules of irregular prisms, 
m. p. 206—207° (Found: C, 75-0; H, 5-6. Cs 9H,,0,N, requires 
C, 75:2; H, 5-4%). 

3: 4-Dimethoxybenzylidenemalonic acid (3-5 g.) resulted with 
3:4-dimethoxycinnamic acid (10 g.) when veratraldehyde (15 g.), 
malonic acid (15 g.), and alcoholic ammonia (4N, 50 c.c.) were 
heated at 100° for 6 hours. The acid crystallised from water in light 
yellow prisms, m. p. 208° (decomp.) (Found: C, 57:3; H, 4-9. 
CioH 1.0, requires C, 57-2; H, 48%). 

Ethyl 8-3 : 4-dimethoxyphenylpropane-axy-tricarboxylate was pre- 
pared in a similar manner to the monomethoxy-derivative. The 
reaction mixture set almost solid, but after 14 days the crude product, 
b. p. 225—250°/16 mm., consisted to the extent of only 84% of the 
desired ester. This after further fractionation boiled at 245— 
248°/14 mm., was very viscous, and exhibited a faint green fluores- 
cence (Found: C, 60-4; H, 7:2. C,9H,.O, requires C, 60-6; 
H, 7-1%). Alkaline hydrolysis, as in the previous case, was almost 
instantaneous, and dimethoxycinnamic acid was removed by render- 
ing the solution of the crude sodium salt just acid. 

3: 3’-Dimethoxydiphenylglutaric acid separated from water in 
colourless prisms, which melted in the hydrated condition (Found : 
H,O, 6-3. Cy 3H,,0,,H,O requires H,O, 63%) at 125—130°, 
and when anhydrous at 184° (Found: C, 58-6; H, 6-1. C,,H,,0, 
requires C, 58-2; H, 6-0%). It was characterised by its anhydride, 
hexagonal prisms, m. p. 124° (Found: C, 62-4; H, 5-6. C,,H,,0, 
requires C, 62:4; H, 5-6%), its methyl ester, needles, m. p. 73° 
(Found: C, 61-0; H, 6-9. C,;H, 0, requires C, 60-8; H, 6-8%), 
its ethyl ester, b. p. 226—229°/15 mm. (Found: C, 62-7; H, 7-5. 
C,,H,,0, requires C, 63-0; H, 7-4%), and its dihydrazide, needles, 
m. p. 182° (Found: C, 53-1; H, 68. C,H 90,N, requires C, 
52-7; H, 68%). The syrupy urethane prepared from the last 
compound could not be obtained in the solid condition, and was 
therefore directly hydrolysed in 24 hours by boiling hydrobromic 
acid (d 1-45). Dealkylation also occurred and wy-diamino-8-3 : 4- 
dihydroxyphenylpropane dihydrobromide was obtained in stout, 
hydrated prisms (Found: H,O, 5:2. C,H,,0,N,,2HBr,H,O re- 
quires H,O, 5-0%). In the anhydrous condition, the salt melted at 
294° (Found: N, 8-0; Br, 46-4. C,H,,0,N,,2HBr requires N, 8-1; 
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Br, 46-6%). The tetrabenzoyl derivative separated from alcohol in 
small prisms, m. p. 217° (Found: C, 745; H, 5-1; N, 5-1, 
C,7Hs,0,N, requires C, 74-3; H, 5-0; N, 5-9%). 
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CCXVIII.—Mobile Hydrogen Tautomerism analogous 
to the Wagner—Meerwein Re-arrangement. Part II. 
The Tautomerism of 1 (or 5)-Hydroxy-2 : 2:3: 3- 
tetramethylcyclopentan-5 (or 1)-one and its 
Derivatives. 
By CHARLES WILLIAM SHOPPEE. 


THE two methods of electron redistribution (‘‘ inductive” and 
‘‘ electromeric ’’’) which have been considered in recent communic- 
ations from these laboratories are characterised by the circumstance 
that the displaced duplets are assumed to be retained in the same 


octet (—> oe ), but in Part I of this series (this vol., p. 365) a 
general formula was given for changes such as the Wagner—Meerwein, 
pinacol—pinacolin, semi-pinacolic deamination, and benzil—benzilic 
acid, in which a duplet was assumed to pass over completely from 


one octet to an adjacent octet 0) : 
R 
{te 
X —a—b—c—y—>Xt+a=b—c+y9. 
This third method of electron-redistribution may be called the 
“* pinacolic ”’ displacement. 

In the examples of tautomerism depending on the process studied 
in Part I, the bonds b—R and c-R were carbon-carbon bonds, 80 
that the duplet displaced from the octet of b to that of c was still 
retained in the octet of R: 
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ry CX—CMe, \. CX—CMe, 
ome | = dre 
ei] \C——CMe, \C——CMe, 


(2 +H eo 

It therefore became of interest to endeavour to determine whether 
the octet of R, was a necessary factor in the situation, and accord- 
ingly this paper reports the results of the examination of a case in 
which R is hydrogen. 

An opportunity to test the matter arose through the preparation 
of the hydroxy-ketone named in the title. It was crystalline (m. p. 
142°) and exhibited the physical behaviour of a pure substance, 
but, according to the foregoing hypothesis, might nevertheless 
exhibit tautomerism of the following kind : 


S CH,—CMe, vy, ,CH,—CMe, 
HiO—CS aie O=0¢ 
(L.) So— e, K\O——(Me, (II) 
He, rT 
H O OH 


The essential change is R-CO-CH(OH):R’ —= R*CH(OH):COR’, 
and for reasons now to be given is regarded as proceeding by the 
mechanism formulated above. Some possible alternative suggestions 
are considered in the sequel. 

The substance was prepared from the crystalline acetoxybromo- 
compound (IIT) (Part I) in the stages represented below, and accord- 
ing to its method of formation should therefore have formula (IV). 
The presence of hydroxyl and carbonyl groups was diagnosed by 
the preparation of a crystalline p-nitrobenzoyl derivative and a 
p-nitropkenylhydrazone. 

C-OAc C-OAc CH:OAc CH-OH 
i a ee aN eer < * —" F \ 

OC CBr OU CH OV CH, OC CH, 

Me,C——CMe, Me,C-——CMe, Me,C-—-CMe, Me,C——CMe, 
(III.) (IV.) 

Further examination quickly revealed its dual chemical character. 
On treatment with acid reducing agents a mixture of isomeric tetra- 
methylcyclopentanones (V and V1) was produced, the main isomeride 
in which is more easily represented as a reduction product of (VII) ; 
the ketone similarly derived from (IV) was present in small quantity 
only : 


CH, Re CO 
(IV.)-——~> of OH, (V.) + (VI.) H,C CH, so Sai HoHC UH, 


Me,C-—-CMe, Me,C—CMe, Me,('—CMe, 
(by-product) (main product) (VII.) 
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Confirmation of the view that forms (IV) and (VII) attain equili- 
brium in solution was forthcoming during attempts to locate the 
positions in which acylation and oximation occur. For the former 
purpose the hydroxy-ketone (m. p. 142°) was benzoylated with 
excess of benzoyl chloride in pyridine solution. The product was 
a mixture separable into two isomerides (m. p.’s 60° and 105°), to 
which formule (VIII) and (1X) have been assigned for reasons which 
will be given. 


CH:OBz CO 

Hydro- Prue 8 
of vn, a FOV) <a (0. as. +> BzO-HC OH, 
Me,C—CMe, emmy! ation’ Me,O—OMa, 
(VIII., m. p. 60°.) (m. p. 142°) (IX., m. p. 105°) 


In the first place, both benzoyl derivatives on hydrolysis yield the 
same parent hydroxy-ketone, m. p. 142°. Secondly, the benzoyl 
derivative, m. p. 60°, on conversion into an oxime and complete 
reduction of the benzoyl derivative (X) of the latter, gave 2 : 2 : 3 : 3. 
tetramethylcyclopentylamine (XI) (compare Part I), whereas the 
isomeric benzoyl derivative, m. p. 105°, yielded an oxime (XII) 
which, when fully reduced, gave 3: 3: 4: 4-tetramethylcyclopentyl- 
amine (XIII) (loc. cit.). Thirdly, whereas the benzoyl compound, 
m. p. 60°, is unaffected by bromine in chloroform or acetic acid, the 
isomeride, m. p. 105°, is readily brominated in chloroform solution, 
giving a bromination product which is under investigation. It is, 
of course, normal that the benzoyloxy-group should inhibit bromin- 
ation on the adjacent carbon atom, whereas the carbonyl group 
would promote that process. 


C JH: OBz 
(VIII.) —> BzON:6 =a, e's nee oe (XL) 
Me,C——CMe, Me,C——CMe, 
C:NOH CH-NH, 
. i , f™% 
Me,C——CMe, Me,C——CMe, 


Similarly, on oximation of the substance, m. p. 142°, a mixture 
of oximes was obtained. They could not be separated, but the 
presence of both types was proved by reduction to a mixture of 

2:3:3- and 3:3:4:4-tetramethylcyclopentylamines. Other 
substitution products of the parent hydroxy-ketone are described 
in the experimental portion. 

In addition to the hypothesis mentioned at the commencement of 
this paper, there are two other mechanisms which might be advanced 


to 
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to account for the tautomerism of the substance of m. p.,142°. 
First, a succession of triad changes might be suggested : 


CH-OH > we CO 
of dH, = nod vu, == Hous UH, 

Me,C-——CMe, Me,C——CMe, Me,C——CMe, 

This is an intrinsically unsatisfactory hypothesis (except possibly 
in its application to catalysis by strong alkalis), because the hydroxyl 
group would work against the enolisation of the adjacent -CH*CO 
group; but in any event, it is regarded as excluded by the fact that 
the change of structure is manifested by acylation under conditions 
in which the intermediate diol would be expected to appear as its 
diacyl derivative, further change being thus arrested. The experi- 
ment corresponds, indeed, to that whereby Thiele showed that 
1; 4-addition occurs in the reduction of benzil by reducing it in the 
presence of acetic anhydride and isolating diacetoxystilbene. 

The second suggestion is one which has been made recently by 
v. Auwers and Mauss (Biochem. Z., 1928, 192, 200), whose observ- 
ations on the reactions of unsymmetrical «-ketols (see also 
Favorski, Bull. Soc. chim., 1926, 39, 216) are evidently related to 
those described in this paper. Their mechanism involves keto- 
cyclol tautomerism with the production of an ethylene oxide, 
followed by fission of the oxide ring in a different direction, and then 
a succession of triad changes. Thus, for oximation, the process is 
written : 

HC-OH HOW H(-NH-OH 


__ielahetinte HO-C7° ~” HO-C-OH 


| l 
HO:-NH:OH C-NH-OH -NOH 
0 Om! GOH 
The intrinsic improbability of this is very great indeed, for the 
postulated ethylene oxide is not an ordinary ethylene oxide but 
an internal acetal of a type of which no known example exists; 
moreover, if it were formed, it would certainly not split in the 
direction suggested. Furthermore, the application of the suggestion 
to explain benzoylation leads to the intermediate (XIV) which, if 
formed, would at once yield a chloro-ketone without a change of 
type, not a benzoyloxy-ketone with one : 
l | 
HCCI (XIV.) —> "00 


—> 


Hs 

Oo — 

HOO” HO-C-OBz 

These considerations strengthen the hypothesis that the pinacolic 

displacement can occur with the duplet of a hydrogen atom, and as 
312 
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an application it may be suggested that the general reaction whereby 
a-keto-aldehydes yield glycollic acid derivatives in the presence of 
alkalis is of this type : 

H H 


"" 
R-COCHO —> R-C—C-OH => R-C——C-0H 


Si sans vidagiel 


It is not impossible that the sugar transformations, typified by 
(glucose, mannose) == fructose, which again take place in the 
presence of alkalis, also involve the pinacolic displacement, although 
in this case further evidence is naturally desirable.* 


EXPERIMENTAL. 

1 (or 5)-Hydroxy-2 : 2:3 : 3-tetramethylcyclopentan-5 (or 1)-one (I 
or II).—A boiling solution of bromoacetoxyphorone (22 g.) in 
glacial acetic acid was treated with 35 g. of zinc dust during 6 hours. 
The cooled solution was filtered, the solid residue washed by decant- 
ation with fresh acetic acid, and the combined filtrates thrown into 
water and extracted with ether. The extract was thoroughly washed 
with ice-cold 5% sodium hydroxide solution, dried, evaporated, and 
distilled ina vacuum. A small first fraction, consisting of 5-acetoxy- 
2:2:3:3-tetramethyl-A*-cyclopentenone, b. p. 114°/10 mm., was 
followed by the main fraction, b. p. 120—121°/10 mm., which con- 
sisted of 5-acetoxy-2 : 2:3: 3-tetramethylcyclopentanone (11 g.). 
This, on hydrolysis on the steam-bath for 4} hour with aqueous- 
alcoholic sodium hydroxide yielded a clear pale yellow solution, 
from which, after addition of water, ether extracted the hydroxy- 
ketone (5—6 g.), which was obtained as a white crystalline solid, 
m. p. 142° (Found: C, 69-2; H, 10-0. C,H,,0, requires C, 69:2; 
H, 10-3%). 

The substance closely resembles the unsaturated hydroxy-ketone 
(Part I) in odour, volatility, and solubility; it is extremely soluble 
in all organic solvents, but can be recrystallised with difficulty from 
ice-cold ligroin (b. p. 30—40°). It is remarkably stable to neutral 
permanganate in aqueous acetone solution, and but slowly oxidised 
by alkaline permanganate. It reduces Fehling’s solution with 
great ease, reduction proceeding at 30°; it gives no colour with 
aqueous-alcoholic ferric chloride solution. 

The p-nitrophenylhydrazone was prepared by heating a solution 
of p-nitrophenylhydrazine hydrochloride in aqueous sodium acetate 
with the hydroxy-ketone for a short time. It separated from alcohol 


* For another probable application, see Burton and Ingold (this vol., p. 908). 
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in golden-yellow needles, m. p. 223—224° (decomp.) (Found: C, 
62:0; H, 7-0. C,;H,,0,N; requires C, 61-85; H, 7-2%). 

The p-nitrobenzoyl derivative was obtained by treating the 
hydroxy-ketone with p-nitrobenzoyl chloride in pyridine solution, 
and crystallised from dilute alcohol in colourless needles, m. p. 85° 
(Found: C, 62-5; H, 6-4. C,,H,,0;N requires C, 62-9; H, 6-3%). 

Reduction of the Hydroxy-ketone to 2: 2:3 : 3-Tetramethyleyclo- 
pentanone and 3:3:4:4-Tetramethylcyclopentanone—(1) With 
hydriodic acid. The hydroxy-ketone (0-6 g.) was heated with 10 c.c. 
of hydriodic acid (d 1-7) in a bath at 130—140° for 4 hour, a slow 
stream of carbon dioxide being passed to assist sublimation of the 
ketones. The sublimate was dissolved in a little alcohol and 
treated with semicarbazide acetate (see below). 

(2) With zine and hydrochloric acid. 'The hydroxy-ketone (0-5 g.) 
was reduced under reflux for } hour, and the sublimate which 
formed was then washed into semicarbazide acetate solution with 
a little alcohol. 

In both cases rapid formation of 3:3: 4: 4-tetramethylcyclo- 
pentanonesemicarbazone took place (5 mins.), and after 4 hour the 
solutions were diluted and filtered. Both products, on crystallisation 
from alcohol, separated in the characteristic form (pearly plates) 
and melted at 224° (decomp.); neither product depressed the melting 
point of a genuine specimen. The filtrates each deposited after 48 
hours a small amount of a crystalline semicarbazone. Both speci- 
mens, on crystallisation from dilute methyl alcohol, separated as 
colourless needles, and were identified as 2: 2:3 : 3-tetramethyl- 
cyclopentanonesemicarbazone by direct comparison and by the 
method of mixed melting points. 

Benzoylation of the Hydroxy-ketone, m. p. 142°: Formation of 5- 
Benzoyloxy-2 : 2: 3 : 3-tetramethylcyclopentan-l-one and 1-Benzoyl- 
oxy-2 : 2: 3: 3-tetramethyleyclopentan-5-one-—The hydroxy-ketone 
(2-5 g.) was treated with 5 c.c. of benzoyl chloride in dry pyridine 
solution for 1 hour on the steam-bath. The product was poured 
into water and extracted with ether, and the ethereal extract 
washed thrice with dilute hydrochloric acid, twice with cold 5% 
sodium hydroxide solution, and finally with water. After drying 
with calcium chloride, evaporation, aad evacuation the oil obtained 
soon crystallised. 

Recrystallisation from dilute methyl alcohol yielded two frac- 
tions: (A) m. p. 85—88°, colourless needles, constituting the bulk of 
the product (2-0 g.), and (B) m. p. 48—50°, colourless plates (0-6 g.). 
(A) after two recrystallisations from ligroin (b. p. 60—80°) had m. p. 
105°, unchanged by further crystallisation, and (B), twice crystallised 
from ligroin (b. p. 40—60°), had a constant melting point of 60°. 
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1-Benzoyloxy-2 : 2 : 3: 3-tetramethylcyclopentan-5-one (IX) crystal- 
lises well from methyl alcohol or from ligroin (b. p. 60—80°) in 
needles, m. p. 105°, and a mixture with the isomeride, m. p. 60°, 
had m. p. 52° (Found: C, 73-5; H, 7-8. C,gH590, requires C, 73:8; 
H, 7:7%). It reduces Fehling’s solution, probably owing to 
hyrolysis to the hydroxy-ketone. 

Treatment with aqueous-alcoholic sodium hydroxide at 100° 
for 4 hour yielded the parent hydroxy-ketone, m. p. 141—142°, 
mixed m. p. 142°, and identity was confirmed by preparation of the 
p-nitrophenylhydrazone, m. p. and mixed m. p. 223—224°. 

A single crystalline oxime was formed by the action of hydroxyl- 
amine acetate in boiling absolute alcohol. After 2 hours the product 
from 1-1 g. of the derivative, 0-3 g. of hydroxylamine hydrochloride, 
and 0-4 g. of anhydrous sodium acetate was poured into water and 
extracted with ether : from the extract, a thick oil was obtained which 
crystallised on being rubbed with ligroin and then separated from 
ligroin (b. p. 60—80°) in colourless prisms, m. p. 115° (yield, 1 g.) 
(Found : C, 69-6; H, 8-0. C,,H,,0O,N requires C, 69-8; H, 7-7%). 
The oxime gave no colour with ferric chloride, and reduced Fehling’s 
solution on boiling. On treatment with benzoyl chloride in dry 
pyridine solution, it yielded a benzoyl-oximino-derivative, which 
after two crystallisations from ligroin (b. p. 80—100°) formed 
stellate clusters of prisms, m. p. 135° (Found: C, 72-9; H, 6-75. 
C,,H,,0,N requires C, 72-8; H, 6-6%). 

Reduction of the oxime (m. p. 115°). The oxime (0-7 g.), dissolved 
in a little alcohol at 60°, was reduced with 50 g. of 2-5% sodium 
amalgam with the continuous addition of glacial acetic acid. The 
product was diluted with water and extracted with ether twice; 
the aqueous solution was basified and extracted with ether, and the 
ethereal extract dried with anhydrous potassium carbonate and 
evaporated under a column. The resulting 3 : 3 : 4 : 4-tetramethyl- 
cyclopentylamine crystallised readily, and after being washed with 
cold ligroin had m. p. 100°, mixed m. p. 100—101° with a genuine 
specimen. The picrate, prepared in alcoholic solution, had m. p. 
250—252° (decomp.), and its identity was established by direct 
comparison and mixed melting point. The acetyl derivative, 
prepared from the amine and acetyl chloride in dry pyridine, had 
m. p. 94—95° after crystallisation from ligroin (b. p. 40—60°), and 
did not depress the melting point of a genuine specimen. 

The benzoyl derivative reacts readily, after a short induction 
period, with bromine (1 mol.) in chloroform to yield hydrogen 
bromide and a complicated product, containing free benzoic acid, 
which is being further investigated. 

5-Benzoyloxy-2 : 2 : 3 : 3-tetramethylcyclopentan-1-one (VIII) cryst- 
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allises from ligroin (b. p. 40—60°) or methyl alcohol in lustrous 
plates having m. p. 60°, which is unchanged by further crystallisation 
(Found : C, 73-5; H, 8-1. C,H, 0, requires C, 73-8; H, 7-7%). 

Hydrolysis with aqueous-alcoholic sodium hydroxide for 1 hour 
at 100° yielded the hydroxy-ketone, m. p. 142°, mixed m. p. 142°. 
This identity was confirmed by conversion into the p-nitrophenyl- 
hydrazone. 

An oily oxime was obtained when | g. of the derivative, 1 g. of 
hydroxylamine hydrochloride, and 1-2 g. of anhydrous sodium 
acetate were heated together in absolute-alcoholic solution on the 
steam-bath for 3 hours. As the oil could not be induced to crystal- 
lise, it was converted into the benzoyl-oximino-derivative with 
benzoyl chloride in dry pyridine solution. This substance was 
obtained as an oil, b. p. 200—215°/15 mm. (Found : C, 73-8; H, 6-4. 
Cy3H,;0,N requires C, 72-8; H, 6-6%). 

Reduction of the benzoyloximino-derivative, 6. p. 200—215°/15 mm. 
This was carried out with 2-5°% sodium amalgam and glacial acetic 
acid, as in the previous case. The product was oily, probably con- 
taining much 5-hydroxy-2 : 2 : 3 : 3-tetramethylcyclopentylamine ; 
it was therefore reduced with hydriodic acid and phosphorus for 
2 hours, and the liquid made alkaline and steam-distilled. The 
amine obtained on extraction of the distillate with ether was identi- 
fed as 2:2:3:3-tetramethylcyclopentylamine by means of its 
picrate, m. p. 236—238° (decomp.); mixed m. p. with a genuine 
specimen 238° (decomp.). 

The benzoyl derivative, m. p. 60° (in contrast with its isomeride, 
m. p. 105°) is unaffected by bromine in chloroform or in glacial acetic 
acid at all temperatures up to the boiling points of these solvents. 

Oximation of the Hydroxy-ketone——The hydroxy-ketone (1-5 g.), 
hydroxylamine hydrochloride (0-7 g.), and anhydrous sodium acetate 
(0-85 g.) were heated together in absolute-alcoholic solution on the 
steam-bath for 2 hours. The product was cooled, diluted with much 
water, and extracted with ether; the ethereal extract was washed 
with sodium hydrogen carbonate solution, dried, and evaporated. 
The mixture of oily oximes obtained (Found: C, 64:1; H, 9-9. 
Cj,H,,0,N requires C, 63-2; H, 10-0%) could not be induced to 
crystallise after some weeks. Treatment with hydrogen chloride 
in ether at 0° yielded a small amount of a crystalline hydrochloride, 
m. p. 61—63° (not analysed). The oily mixture (0-3 g.), when 
benzoylated with excess of benzoyl chloride in dry pyridine, yielded 
a yellow oil, which partly crystallised after being kept in a vacuum 
fora week. After being drained from the residual oil and washed 
with and crystallised from ligroin (b. p. 80—100°), the substance 
was obtained in clusters ot short prisms, m. p. 135°. It was identi- 
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fied as the benzoyl-oximino-derivative of 1-benzoyloxy-2 : 2:3: 3- 
tetramethylcyclopentan-5-one by direct comparison and the method 
of mixed melting points. An oil accompanied it which probably 
consisted of the isomeric benzoyl-oximino-derivative, b. p. 200— 
215°/14 mm. (see below). 

On reduction of the mixture of oily oximes with 24% sodium 
amalgam in glacial acetic acid, and treatment of the product with 
ethereal picric acid, a mixture of 2:2:3:3-tetramethylcyclo. 
pentylamine and 3:3:4: 4-tetramethylcyclopentylamine picrates 
was obtained, which melted at 243—245° (unchanged on recrystal- 
lisation) and depressed the melting points of both pure isomerides. 
Treatment with acetic anhydride and anhydrous sodium acetate 
yielded a mixture of acetyltetramethylcyclopentylamines, m. p. 79— 
85°. A similar mixture was obtained on oximation, reduction, and 
acetylation of the mixture of tetramethylcyclopentanones obtained 
from the hydroxy-ketone (p. 1663) (Found: C, 70-5, 70-4; H, 11:5, 
11-5; N, 7-4, 7-4). C,,H,,ON requires C, 72-1; H, 11-4; N, 7-6%). 
The mixture is much more soluble than either of the pure isomerides : 
a synthetic mixture of these has m. p. 83—85°. 

1 (or 5)-Methoxy-2 : 2 : 3 : 3-tetramethylcyclopentan-5 (or 1)-one.— 
The hydroxy-ketone can be methylated with methyl sulphate and 
10°% sodium hydroxide solution by treatment on the steam-bath for 
14 hours. On fractionation, a colourless oil, b. p. 94°/14 mm., was 
obtained, almost the whole of the product passing over at this 
temperature. A small residue, which solidified, consisted of un- 
changed hydroxy-ketone. On redistillation, a fraction, b. p. 88— 
90°/10 mm., nj) 1-4574, was obtained (Found: OMe, 18-0. 
Cj 9H 1,0, requires OMe, 18-2%). 

On reduction with hydriodic acid 3:3: 4: 4-tetramethylcyclo- 
pentanone, isolated as the semicarbazone, m. p. 224° (decomp.), 
was formed. Characteristic solid derivatives could not be prepared ; 
but treatment with hydroxylamine acetate in absolute-alcoholic 
solution yielded an oily oxime, which on reduction in the usual 
manner was converted into 2 : 2 : 3 : 3-tetramethylcyclopentylamine, 
Thus the main constituent appears to be the 5-methoxy-ketone; 
it cannot be asserted, however, that the isomeric 1-methoxy-ketone 
is not present. 


The author wishes to express his thanks to Professor C. K. Ingold, 
F.R.S., for his continued interest. and helpful criticism, and to the 
Royal Commissioners of the 1851 Exhibition for a Senior Student- 
ship. 

THE University, LEEDS. [Received, March 22nd, 1928.] 
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CCXIX.—Anomalous Rotatory Dispersion from the 
Standpoint of the Drude Equation. 


By CHARLES EpmuND Woop and Sypnry Dieeary NICHOLAS. 


ALTHOUGH the rotatory dispersion of ethyl and methy] tartrates has 
been investigated exhaustively (Lowry and Dickson, J., 1915, 107, 
1173; Lowry and Abram, ibid., p. 1187; Patterson, J., 1916, 109, 
1139, et seg.; Winther, Z. physikal Chem., 1902, 41, 177, etc.) both 
in the homogeneous condition and in solution, yet relatively little 
research has been done on the dispersion of the simple derivatives 
of these two esters. A series of derivatives was therefore prepared 
in order to see whether the anomalous dispersion shown by the 
parent esters persisted in the derived compounds, or whether the 
dispersion passed from anomaly to complexity or to simplicity in a 
definite manner in the two series; also, to gain further information 
on the relationship of dispersion to relative configuration and their 
interpretation in terms of the Drude equation. 


Anomalous Rotatory Dispersion and Relative Configuration. 


Examination of the rotatory dispersion curves for the compounds 
shows that (a) both inflexion and maxima are confined to the 
positive region of rotation, and (6) crossing of the axis occurs in 
one way only, viz., as the wave-length decreases so the rotation 
decreases, da/d being always positive. 

Fig. 1 shows that methyl d-tartrate and its monoacetyl, diacetyl 
(at 178-3° only), and monobenzoy! derivatives exhibit visual anomaly 
in the positive region of rotation, and further, when crossing of the 
axis occurs, da/d?, is positive. The disposition of the dispersion 
curves for the dibenzoyl derivative is given on the diagram; they 
do not show visual anomaly. 

Fig. 2 indicates that inflexion of the dispersion curves in the 
positive region of rotation was realised for the mono- and di-acetyl 
and monobenzoy! derivatives of ethyl tartrate; inflexion of the 
dispersion curves for the ester itself occurs at higher temperatures 
than shown in the diagram. Maxima occur in the positive region 
for ethyl tartrate and its mono- and di-acetyl and monobenzoyl 
derivatives. The diacetyl derivative, like the parent ester, shows 
crossing of the axis. The dispersion curves for the dibenzoyl 
derivative, for the range of temperature and wave-length examined, 
are situated in the negative region. On the same diagram is indi- 
cated the disposition of the dispersion curves for the thionyltartaric 
and dichlorosuccinic esters. 


1672 WwooD AND NICHOLAS: ANOMALOUS ROTATORY DISPERSION 


Fie. 1. 


on A) 
—e ¥ 


cseenwal, / 


ee ee 


5 306 6300 


(a7s3) 


Wa methye lartrae 2 om 


it 


monoactlyllahak — 


” dhactyllartute meine 
» monaberypyllantale come 


[ 


dike Mesalé ses 
(uaght- AD ordinate) 


A. 


Methyl tartrate and certain derivatives. 


The types of dispersion of the compounds examined are given 


below : 

Dispersion. 
Methyl tartrate ......... Anomalous 
Monoacetyl derivative Anomalous 
Diacetyl derivative ... Anomalous 


(at the higher temperature) 
Monobenzoy!] derivative Anomalous 
Dibenzoyl derivative ... Complex 

(negative region) 


Dispersion. 
Ethyl tartrate ............ Anomalous 
Monoacetyl derivative Anomalous 
Diacetyl derivative ... Anomalous 


Monobenzoy] derivative Anomalous 
Dibenzoy] derivative ... Complex 
(negative region) 
Simple in 
Thionyl derivative ...} region of 
Ethy] dichlorosuccinate |} spectrum 
examined. 


deri 


20° 


15° 


-100° 


-150° 


~ 200° 


the t 
quent 
from 


150° 


FROM THE STANDPOINT OF THE DRUDE EQUATION, 


1673 


In general, the dispersions of the simple acetyl and benzoyl 
derivatives of the two series are closely related, but comparison of 
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the two diagrams shows that the crossing of the axis and, conse- 
quently, maxima are removed to a shorter wave-length in passing 
from methyl tartrate and its derivatives to ethyl tartrate and its 
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derivatives, a fact which is well illustrated by the diacetyl derivatives 
of the two series. 


Lowry (J., 1915, 107, 1195), having proved conclusively the to 
validity of the Drude equation, quotes inflexion, maxima, and in 
crossing of the axis as visual criteria for anomalous dispersion, but 
this investigation and a survey of the literature indicate that the et] 
above three points are also criteria for relative configuration. Thus ne; 
for d-tartaric acid and its derivatives the mode of crossing the axis sin 
is always the same, points of inflexion occur only in the positive sio 
region of rotation, and, in all cases, maxima are confined to the fig 
positive region. est 

The dispersion curves for methyl diacetyltartrate are of par- Da 
ticular interest; they form a series of curves which approach the Tic 
axis from the negative side with increasing temperature, and the on 
curve obtained at 178-3° crosses the axis towards the red end of the anc 
spectrum. A solution of ethyl tartrate in carbon tetrachloride “3 
(Lowry and Dickson, /oc. cit.) affords a similar case. The curves do inte 
not become asymptotic to the zero axis in the negative region.* ass 
It is hard to reconcile this phenomenon, which is not confined to i 
these cases, with the founding of a general explanation of optical the 
rotation on a Drude equation with the infra-red term omitted. ano 
Although quantitative measurements have justified such procedure, con 
yet the theoretical significance is lost. The infra-red term is asso- and 
ciated with the configuration, and should be regarded as the relative 
configuration term. For a compound of ‘d”’ configuration it is 
negative, and for a compound of ‘“‘/”’ configuration positive. It is 
this term which prevents dispersion curves in the negative region, . I 
for a compound of relative configuration denoted by “ d,” becoming ( B 
asymptotic to the zero axis in that region towards the red in the indi 
visible and non-visible region of the spectrum; and thus, by the due 
influence of the infra-red term, the curve is drawn over the axis into leve 
the positive region. (Lor 

In the case of a compound of “d” configuration in the positive J 
region, no instance can be traced where intersection of the zero axis, J “7! 
da/di being negative, occurs; the approach, as the curve passes both 
into the red end of the spectrum, appears to be asymptotic in charac- J °PP* 
ter either to the zero axis, or to an axis parallel to the zero axis in of 
the positive region. TI 

In cases where the dispersion curve does not actually pass over ate 

1e 

* The dispersion curve for the same compound in ethylene dibromide does and 
not cross the axis in the visible region, and extrapolation by means of the infra 
two-term equation shows that crossing of the zero axis does not occur, but 
that the dispersion curve becomes asymptotic to the zero axis in the negative * 7 


region. 
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into the negative region, its approach to the zero axis is a sufficient 
guide for relative configuration, provided that the approach is 
towards the blue end of the spectrum. Many instances are given 
in the two diagrams of experimental results (Figs. 1 and 2). 

Methyl and ethyl] dibenzoyltartrates, ethyl dichlorosuccinate and 
ethyl thionyltartrate have rotations removed from the axis on the 
negative side. The first two compounds have been obtained by 
simple chemical reactions not prone to give rise to a Walden inver- 
sion, hence their relative configuration is taken as “‘d.’’ The con- 
figuration of dextrorotatory * dichlorosuccinic acid and its ethyl 
ester (for comparison of preparation and optical rotation, see 
Darzens, Compt. rend., 1912, 154, 1615; Holmberg, Svensk Kem. 
Tidsk., 1912) has been discussed by Clough (J., 1918, 113, 526), who, 
on the basis of the relationship between optically active «-amino- 
and «-hydroxy-acids, regards this acid as of relative configuration 
“1.” The relative configuration of the thionyl ester, which is an 
intermediate product in the preparation of the dichloro-ester, is 
assumed to be “ d.” ; 

Experiments with solvents failed to reduce the high rotation of 
the last two esters sufficiently for observations to be taken in the 
anomalous region. This is to be expected, for optically active 
compounds only exhibit great sensitiveness to both temperature 
and solvents near or in the region of anomalous rotatory dispersion. 


Interpretation of Anomaly by the Drude Equation. 


In the consideration of the Drude equation, R. W. Wood 
(““ Physical Optics,” p. 492), from theoretical considerations, 
indicates that the anomalous rotatory dispersion of tartaric acid is 
due to an infra-red levorotatory electron and an _ ultra-violet 
levorotatory electron. This view has been rejected by Lowry 
(Lowry and Cutter, J., 1925, 127, 604), who, from quantitative 
measurement, expresses the rotatory dispersion “‘ as the sum of two 
simple partial rotations of which the characteristic frequencies are 
both in the ultra-violet region,” the two partial rotations being of 
opposite sign. Lowry, however, admits the theoretical possibility 
of “‘ spurious anomaly ”’ in transparent media. 

The view here put forward is that both explanations of the 
phenomenon are incomplete, and it is considered that anomaly is 
due to one or more rotations of electronic origin in the ultra-violet, 
and a rotation of molecular origin, due to atomic oscillations, in the 
infra-red. 


* The compound investigated was levorotatory, i.e., of opposite relative 
configuration. 
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The total rotation of the plane of polarisation being expressed in 
the usual way as a summation of terms, 


k 
« ae 

each term, except the infra-red term, represents the contributary 
rotation due to ultra-violet electrons, active in rotating light, 
The infra-red term, however, represents rotation referred to molec. 
ular origin. Observations on selective reflexion and absorption 
have shown that characteristic frequencies in the ultra-violet arise 
from electrons, whereas those in the infra-red, which in many cases 
pass into the region of short electric-discharge waves, are referred 
to atomic oscillations.* The contributary rotation due to this 
infra-red term, although small in the visible region, is definite, and, 
being of molecular origin, gives rise to dextrorotatory or levo- 
rotatory dispersion according as the relative configuration is “d” 
or ‘“‘/,.”" The importance of this configuration term as a fundamental 
part of the Drude equation is considered below. 

Case 1. The infra-red term contributes a dextrorotatory dis- 
persion which is of levorotatory molecular origin, and which 
manifests itself in the near infra-red through the oscillations of the 


constituent atoms (or atomic groups),} and the ultra-violet term 
contributes a dextrorotatory dispersion of a dextrorotatory electron 
(or system of electrons) : 


7 ky = - ky 
a 4? 22 — AQ” 
(ultra-violet) (infra-red) 


The condition is shown diagrammatically in Fig. 3, the upper set 
of curves showing the two simple rotations, and the lower the 
resultant curve. The dotted lines t represent the unrealisable 
regions of the spectrum in the red, infra-red, and ultra-violet. 
The realisable curve shows no anomaly in the visible spectrum, 
for minima in the positive region of rotation have not been realised. 


* Compare Haas, ‘“ Introduction to Theoretical Physics,” Vol. ii, 1925, 
section on “‘ General theory of spectra and of atomic structure ’’; Lecomte, 
** Contribution 4 |’étude de l’absorption des rayons infra-rouges par les com- 
posés organiques,” La Lino-Générale, Paris; Baly, “‘ Spectroscopy,” Vol. I, 
p. 217 (1927); Coblentz, ‘‘ Investigations of infra-red spectra,’ Carnegie 
Institution of Washington, 1905, 35, 117. 

+ Compare Bjerrum’s theory; also Lorentz, “ Lectures on Theoretical 
Physics,” Vol. ii, p. 395 (1927). 

t The dotted portion of the lower curves for longer wave-lengths in Figs. 
3 and 4, if realisable, would represent those parts where the infra-red term is 
no longer functioning as a constant, the ultra-violet term at the same time 
passing to a constant value. The complete curve represents, according to 
the part considered, either simplicity, complexity, or anomaly. 
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The rotatory dispersion is always positive; the curve tends to 
become asymptotic and not to cut the axis. Even Ingersoll 
(Physical Rev., 1917, 9, No. 4, 257), who investigated the infra-red, 
did not realise the asymptotic portion of the dispersion curve. 
The rotation due to the dextrorotatory electron dies down with 
increasing wave-length, whilst that due to molecular rotation 


‘Visible. spectrom 


increases in effect. No apparent deviation from simplicity occurs 
in the visible spectrum, for 


ge= 


where k,/2,? is a constant representing an axis k,/),.” above the zero 
axis to which the dispersion curve would ultimately tend to become 
asymptotic. 

Case 2. The infra-red term contributes a dextrorotatory dispersion 
as before, but the ultra-violet term contributes a levorotatory 
dispersion due to a levorotatory electron (or system of electrons) : 


(ultra-violet) (infra-red) 


This condition is shown in Fig. 4. The effect due to the infra-red 
term is slight, and departure from simplicity cannot be detected. 
The constant k,/2,.2 represents an axis parallel to the zero axis in the 
positive region; it is the axis to which the curve tends to become 
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asymptotic and which it finally cuts in the unrealisable region on 
proceeding up to the band. 

The constant in both cases is positive and is the “d” configur- 
ation constant. The above two cases represent simplicity in the 
positive and negative regions, respectively. 

The two compounds mentioned below are examples of Case 2. 
They were found to be simple over a wide range of temperature. 
Under the experimental conditions the small constant infra-red 
contribution could not be differentiated. The rotational constant 


-----°* “Axis Ad 


Ultra -violet Infra-red 


- 


for the thionyl ester decreases numerically with increase of tem- 
perature, but the constant for the dichlorosuccinate passes through 
a maximum. Very little variation of 4)? was observed with tem- 
perature, the tendency (except at 145-4° for the thionyl ester) 
being a slight movement of the ultra-violet absorption band towards 
a greater wave-length with increase of temperature. 


Ethyl thionyltartrate. Ethyl dichlorosuccinate. 
Temp. Ao*. be Temp. A,*. k. 
13-1° 0-04264 5: 12-7° 0-04992 12-61 
20-3 0:04350 55: 22-6 0-04950 12-66 
42-3 0-04356 41-4 0-04979 12-67 
56-9 0-04326 62-4 0-04991 12-51 
82-6 0:04448 ° 87-0 0-05141 12-13 
116-9 0:04452 . 104-1 0-05165 11-88 
125-2 004440 
145-4 0-04318 
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The introduction of another ultra-violet term of the same sign 
into equations under Cases 1 and 2 gives the condition for com- 
plexity. The dispersion curve in the visible region now represents 
the summation of three simple curves, although the contribution by 
the infra-red term may not be detectable quantitatively. The 
dispersion curves in the negative and positive regions, respectively, 
take corresponding paths in the infra-red, via an axis k/,” similar to 
those taken by the curves expressing simplicity. This directive 
molecular influence, though of little magnitude in the visible region, 
dominates the final direction of the dispersion curve. 

Figs. 3 and 4 illustrate complexity when AB and CD represent 
the summation of two simple electronic curves of like sign, together 
with the small molecular contribution. 

The introduction of an ultra-violet term of opposite sign into 
Cases 1 and 2 gives rise to anomaly; the positive term must, how- 
ever, be associated with the high-frequency constant. The com- 
pounded curve produces under certain conditions the three cases 
of visible anomaly. In all cases the curves eventually take a path, 
via the axis k,/2,? , up to the band. 

Curves wholly in the positive region never touch the zero axis. 
Curves in the negative region cross the zero axis. 

Anomaly is illustrated by Fig. 5, EF being the compounded 
curve obtained by the introduction of a term of opposite sign. 
This curve shows that crossing of the zero axis occurs in One way 
only, d«/d being positive, and that anomaly (maxima and inflexion) 
is confined to the positive region. Curves crossing the axis (d«/da 
negative) or showing maxima or inflexion in the negative region 
could only arise from a compound of ‘“/” configuration, for the 
electronic and molecular dispersion curves form one continuous 
function, and reversal of the electronic part implies reversal of the 
molecular portion of the dispersion curve. Such curves belong to 
a general type of curve represented by the mirror image of the 
curve in Fig. 5. 

Although quantitative measurements show that the infra-red 
term is practically negligible in the visible region, yet its importance 
must not be under-rated, for it determines the path to the infra-red 
band. This restriction to a particular path places upon the occur- 
rence of anomaly those limitations which are such valuable criteria 
for the determination of relative configuration. 

Methyl diacetyltartrate is an interesting example of visual 
anomaly occurring towards the red end of the spectrum. From 
107:3° to 171-5°, inclusive, the dispersion curves lie wholly in the 
hegative region, whilst at 178-3° crossing of the axis from the 
negative to the positive region takes place between 15893 and 
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25590. Increase of temperature has caused the crossing to move 
from infra-red into the visible region; the approach to the zero 
axis of the curves in the negative region is not asymptotic in 
character. 

The further movement of crossing from the visible spectrum 
into the ultra-violet is shown by methyl monobenzoyltartrate : 


Temp. ......cccccccsesecsssrerece 22-0° 57-0° 80-8° 
Crossing of zero axis at A... 4861—4678 4678—4455 4455—4359 


Fia. 5. 


Ultra-violel 


é 
‘ a 
i Msible specirum 


For higher temperatures the curves lie wholly in the positive region, 
the crossing having moved into the ultra-violet. Simultaneously 
with the movement of the crossing there occur the development and 
then the movement of maxima (see Experimental). Crossing and 
maxima form part of a continuous curve, the maxima always 
occurring at a greater wave-length than the crossing. 

Lowry (J., 1915, 107, 1195) has discussed the limiting condition 


for anomalous dispersion on the assumption that an infra-red band 
is absent. From the foregoing considerations it follows that the 
limiting condition requires modification, viz., the high-frequency 
term may have the rotation constant k not only greater than but 
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also equal to k,, the rotational constant of the low-frequency ultra- 
violet term. When k = k, the curve may cut the zero axis in the 
visible region, for the contribution due to the molecular rotation, 
though small, is of appreciable magnitude. The importance of the 
infra-red term is that it prevents such dispersion curves becoming 
asymptotic to the zero axis. 

In all cases of anomaly the smaller ultra-violet dispersion con- 
stant (high frequency), regardless of the value of /, is associated 
with the positive ultra-violet term for a compound of “d” con- 
figuration, and with the negative ultra-violet term for a compound 
of “1” configuration. Reference to the sign of the infra-red term 
is only necessary for determining configuration in the cases of 
simplicity and complexity. 


The Infra-red Term and the Relative Configuration of Quariz. 


Quartz affords an interesting example, since the infra-red term 
has been included in the equation expressing its dispersion (Lowry, 
Phil. Trans., 1913, A, 212, 261). The term is positive for left- 
handed quartz; this variety is accordingly configuratively related 
to /-tartaric acid. 

The configuration can be deduced, however, without considering 


the infra-red term; the high-frequency constant (omitted on 
account of its small magnitude) is associated with the negative 
ultra-violet term. Similar reasoning, from data given by Lowry 
and Cutter (J., 1925, 127, 604) for d-camphor, shows that it is 
configuratively related to left-handed quartz. 

The wave-length of the ‘‘ Reststrahlen ”’ from quartz, as deter- 
mined by Porter (Astrophys. J., 1905, 22, 227), is 8-28 u; Rubens 
and Nichols (Ann. Physik, 1897, 60, 418) found that reflexion took 
place at three points of the spectrum, 8-5 u, 9-02 u, and 20-75 u; 
Lowry, in the application of the Drude equation to the rotatory 
power of quartz, gives (8-84)? u as the dispersion constant in the 
infra-red term and states that “the infra-red absorption is an 
essential factor in determining the optical rotation in quartz both 
in the infra-red and in the visible region of the spectrum.’’ Waves 
whose frequencies differ little from a characteristic frequency are 
strongly reflected and absorbed; further, infra-red frequencies are 
referred to atomic oscillations. 


Physical Interpretation of the Infra-red Term and Anomaly. 


Thomson (Phil. Mag., 1920, 40, 720) has deduced a general 
expression for the rotation of the plane of polarisation, due to the 
scattering of light by electrons, on the assumptions that (1) the 
whole molecule rotates as a rigid body, and (2) there is no displace- 
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ment of the electrons relative to the atoms in the molecule. He 
shows that molecules representing enantiomorphs rotate in opposite 
directions, and calculates the contribution, due to the rotation of 
the molecule, to the optical rotation. This calculated rotation is 
less than 12’ specific rotation per em., thus the molecular con. 
tribution is only a small part of the optical rotation generally 
observed. The contribution to the rotation of quartz by the infra- 
red term for 4 5896 is 10-3’ per mm. (compare Lowry, loc. cit.). 

Since the whole molecule, rotating as a rigid body, does not give 
sufficient movement to account for the rotation produced by optic. 
ally active compounds, Thomson regards the molecule as made up 
of two parts: (1) the atomic tetrahedron formed by the atoms or 
groups round the asymmetric carbon atom, and (2) the electronic 
tetrahedron formed by the structural electrons round the asym- 
metric carbon atom. The displacement of the atomic tetrahedron 
in response to light waves in the visible spectrum will be small in 
comparison with that of the much lighter tetrahedral arrangement 
of the electrons. 

A system of electrons, «, 8, y, and 8, is considered, each electron 
being situated at the corner of a tetrahedron. If the restoring 
forces for « and 8 are large compared with those for y and 3, the 
two electrons y and 8 would rotate round the axis «8 when acted 
on by light. The rotation due to this single electronic tetrahedron 
is found to give values comparable with the rotation given by optic- 
ally active compounds. The volume of the tetrahedron, which 
measures the optical rotation of a single molecule, vanishes in the 
following cases: (1) yd is parallel to «8; (2) y3 intersects «f; 
(3) y8 is at right angles to «® (regular tetrahedron). A shift in the 
position of one or both of the electrons yi might change the sign 
of the optical rotation produced by the molecule. A compound, 
by temperature or solvent action, may change its sign of rotation 
owing to electronic displacements, but not the sign of the con- 
tributary molecular rotation unless change of configuration takes 
place. 

The expression which Thomson obtains for the rotations of each 
tetrahedron, electronic and atomic, we regard as representing the 
ultra-violet and infra-red terms, respectively, of the Drude equation. 
An extension of this view, considering eight electrons instead of 
four round the asymmetric carbon atom, would give rise to two 
electronic tetrahedra and would afford a physical insight into the 
meaning of complexity and anomaly, as expressed by the Drude 
equation. The displacement of the electronic tetrahedra in opposite 
directions would give rise to anomaly; in the same direction, to 
complexity; in the same direction and acting as a single tetra- 
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hedron, to simplicity. On this view, one asymmetric centre in a 
molecule is sufficient to account for the various classes of dispersion. 

Tschugaeff (Trans. Faraday Soc., 1914, 10, 35) states that “ it is 
by no means necessary that the electrons in the four radicals and 
in the central atom should rotate in the same direction. Conse- 
quently it seems to be possible that certain bodies containing but one 
asymmetric carbon atom can exhibit anomalous rotatory dispersion.”’ 

Drude (“‘ Optics,’ p. 415) states that ‘‘in general every active 
substance must show anomalous * rotatory dispersion in certain 
regions of vibration, but these regions do not necessarily lie within 
the limits of the vibrations which can be produced experimentally,” 
and this statement occurs immediately after reference to cases of 
anomalous rotatory dispersion mentioned by Landolt (‘‘ Das 
optische Drehungsvermégen ’’). 

It is important to summarise the classes of anomaly : 

(1) True anomalous rotatory dispersion occurring at the crossing 
of an absorption band which is of optically active electronic origin. 

(2) Anomalous rotatory dispersion due to the superposition of 
two simple rotations of opposite sign, the characteristic frequencies 
being both in the ultra-violet. 

(3) Spurious anomalous rotatory dispersion, 7.e., dispersion 
occurring between two bands. 

(4) Type discussed in paper on co-ordination compounds (this 
vol., p. 1727). 


Discussion of Different Types of Anomalous Rotatory Dispersion. 


The view that a single asymmetric centre can give rise to anomaly 
makes class (f) (ii) (Lowry and Cutter, /oc. cit.) (“‘ existence of two 
natural frequencies in a single molecule”’) a fundamental class. 
The recognition of this class is regarded by the above authors as a 
matter of pure speculation, in spite of the increasing number of 
cases in which a single asymmetric centre shows anomaly, this con- 
clusion being based on the fact that there is no experimental proof 
of a single asymmetric centre, having two frequencies, giving rise 
to two absorption bands. 

Such a demand is unjustifiable, since no case is known (even 
when more than one asymmetric centre is in a single molecule), 
where two bands, corresponding to a high and a low frequency and 
satisfying the demands of the Drude equation, have been located 
experimentally. In those cases in which the low-frequency band 
has actually been determined, the high-frequency band, in the case 
of anomalous or complex compounds, has been inferred. Accord- 


* “ Anomalous ” should be interpreted to include also “‘ spurious anom- 
alous,”” which is defined by Frankland (Trans. Faraday Soc., 1914, 10, 91). 


FROM THE STANDPOINT OF THE DRUDE EQUATION. 168& 


For over ten years, it has been the convention to assign com- 
pounds containing one asymmetric centre and compounds con- 
taining asymmetric centres of identical type, showing anomaly, to 
class (c): “ Formation of two molecular types from one optically 
active compound.” The origin of this class can be traced to the 
view, put forward by Arndtsen in 1858, explaining the anomalous 
rotatory dispersion of solutions of d-tartaric acid. The present 
tendency, however, is to seek a cause for a partial rotation of opposite 
sign in the molecule itself. Such centres of opposite sign have been 
assumed, on the theory that an unsaturated group in an asym- 
metric molecule may acquire an induced asymmetry [type (e), 
“induced asymmetry in unsaturated molecules,” Lowry, loc. cit.]. 

The necessity for seeking, either by isomeric change or by induced 
asymmetry, a centre giving rise to an opposite partial rotation is 
due to the non-recognition that a single asymmetric centre can give 
rise to two electronic components (two electronic tetrahedra) which 
may contribute rotations of the same or opposite sign. 

The carbonyl group in camphor is considered optically active 
by induced asymmetry, and the rotation contributed by this hypo- 
thetical centre is 71-05° (d-camphor in acetone, 4 5893). This is 
the contribution due to the low-frequency term, whereas the high- 
frequency term only contributes 20-54°. A theory which attaches 
importance to a hypothetical centre needs scrutiny. More serious 
than the assumption of a rotational value is the point that the 
carbonyl group has been considered asymmetric in order that it 
might be a decisive factor with respect to determining the relative 
configuration of the molecule. 

The carbonyl group need not be regarded as an asymmetric centre 
| but rather as causing a deflecting and disturbing action on the 
electronic system round the asymmetric centre. The nearer the 
carbonyl group is to the asymmetric centre the greater will be the 
effect on the electronic tetrahedra (compare Tschugaeff’s views on 
rotatory dispersion, T'rans. Faraday Soc., loc. cit., p. 35, with regard 
to the influence of the electrons attached to the radicals and the 
asymmetric carbon atom). 

Quartz has been placed provisionally in class (f) (i) (“ Crystals 
with two natural frequencies ’’), since class (f) (ii) has been discarded. 
On the view here expressed, quartz falls naturally into this class. 
Thomson (loc. cit.) has applied the same general equation to quartz 
as to organic compounds. Molecules, in the crystalline condition, 
can be optically active, owing to distortion, although inactive when 
fused or in solution. This distortion will be reflected in the arrange- 
ment of a system of electrons round the silicon atoms, and anomaly 
may result. 
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In $-quartz, Bragg and Gibbs (Proc. Roy. Soc., 1925, 109, 405) 
find that the oxygen atoms are placed almost exactly in a tetra- 
hedral arrangement round the silicon atom, and they consider that 
silicon, being a quadrivalent atom, is probably striving for such an 
arrangement. In addition, Gibbs (ibid., 1926, 110, 443) has pointed 
out that, in passing from $- to «-quartz, the tetrahedrally arranged 
oxygens have been twisted and slightly distorted with consequent 
loss of symmetry, which is in accordance with the rotation data (for 
sodium light) : f 

«-Quartz wieder 8-Quartz 
21°7° (20°C.) 2°52° (600° C.) 


The explanation offered of the pyro- and piezo-electric effects of 
quartz by the suggested structure rests on the assumption of electric 
doublets, one corresponding to each valency. This is in harmony 
with the assumption that the eight structural electrons round the 
silicon atom form two tetrahedral arrangements. 


EXPERIMENTAL. 


Ethyl Tartrate—The ester was prepared by the continuous esteri- 
fication process (Aston and Frankland, J., 1901, 79, 511) and frac- 


tionated ten times in a vacuum. After the seventh distillation the 
ester exhibited a transient yellow colour and the distillates in the 
subsequent fractionations behaved similarly. B. p. 155—156°/15 
mm. Rotations were taken in a 3-dem. tube. 

Densities determined : 


28-06 61-51 106-9 149-45 
1-1961 1-1621 11155 1-0720 


di 1-2239. dii* 1-2101. dy 1-2044. di 1-1840. 

[a]. d. i. d. .. [a]. 

+5-28° 6152 7:01° 5893 783° «5590 ~— 10-22” 
5-31 5893 7-16 5700 «= 7:90 = 5461 = 10-35 
5-31 5770 = 7°18 5613 7:90 5344 10-40 
5-31 5700 5590 7-91 5334 10-41 
5-31 5639 . 55388 7:90 5323 10-41 
5:28 5590 . 5324 7-78 5292 10-40 
5-12 5461 5086 10-27 


d’*" 1-1635. d3* 1-1430. dy" 1-1296. — di2”"1-1022. — dii"1-0817. 


* <n an” Aa a” J a A 
12-40° 14-57° 16-23° 17-76° 4678 18-78° 
12°52 14-68 16-30 17-80 4587 18-86 
12-55 14-70 16-31 17-81 4510 18:87 
12-55 14°72 16°31 17-76 4472 18-85 
12-54 14-69 16-24 

12°46 14-61 


FROM THE STANDPOINT OF THE DRUDE EQUATION. 1687 


Ethyl Monoacetyltartrate—This derivative was prepared by a 


») modification of the method given by Patterson (J., 1900, 77, 1099). 
os Acetyl chloride (14 g.; slightly less than the calculated amount), 
in three times its volume of benzene, was added | c.c. at a time to 
r 40 g. of ethyl tartrate dissolved in 30 c.c. of benzene. After each 
od addition the mixture was shaken vigorously and heated to 80° until 
at hydrogen chloride ceased to be evolved, then cooled to ordinary 
i temperature, and the process repeated. After all the acetyl 
chloride had been added the benzene was removed, the residue 
distilled under diminished pressure, and the distillate collected at 
165—170°/15 mm. The distillate was shaken with 5 c.c. of water 
and separated. This was repeated eight times in order to remove 
of @ ethyl tartrate. The residual oil was dissolved in a large volume of 
ric water and. cooled to 0°; the ethyl diacetyltartrate which separated 
ny was filtered off and the filtrate extracted with chloroform. The 
the § extract was dehydrated over anhydrous sodium sulphate and the 
solvent removed at the ordinary temperature. The above purific- 
ation process was repeated three times and the ester gave [«}}}* +- 
12-41° (Patterson gives [«}#* + 11-60°). The rotation remained 
unchanged after repetition of the purification process. 
~~ Estimation of the acetyl group by the method of Sudborough and 
rac: FB Thomas (J., 1905, 87, 1752) gave 17:2% (Calc.: 17-34) (Found : 
the # ¢, 48-28; H, 66. Cale. for C,,H,,0,;: C, 48:37; H, 65%). 
e The rotations were taken through a 2-dem. length, except at the 
[16 highest temperature for which a ]-dem. tube was employed. The 
ester exhibits anomaly ; the temperature—rotation curves intersect. 
Rotations taken above 100° indicated decomposition of the com- 
pound. 
0 Densities determined : 
et cael 4: 34-5 46:5 56-6 90-7 94-5 
1840. ee SY, : j -1676 1-1554 1-1456 1-1118 1-1078 
40° 
A* te ony? on-Ke a) =9-pe et) —e 
22° dg?= dgi= dg>= de™= de®—= df*= df”: 
35 1-1845. 11768. 11-1724. 11-1576. 1-1426. 1-1255. 1-1078. 
‘1 eC) aC) CaCO) A 
41 6708 -+8-30° 8-61° 8-82° 945° 10-08° 10-82° 11-61° 
40 6563 8-62 8-95 9-15 9-79 10-47 11-26 12-09 
27 6438 8-95 9-27 9-48 10-13 10-79 11-62 12-52 
6152 9-46 9-84 10-07 10-83 11-59 12-52 13-52 
5893 9-82 10-27 10-51 11-41 12-31 13-35 14-46 
‘0817. B 5590 10-19 10-70 10-99 12-01 13-03 14-23 15-50 
ali. 5461 10-39 10-90 11-22 12-23 13-30 14-60 15-96 
A", 5824 = 10-46 11-02 11-33 12-47 13-59 14-94 16-40 
18-78 5086 10-44 11-06 11-44 12-68 13-97 15-48 17-08 
18-86 4861 10-26 10-95 11-31 12-68 14-1] 15-76 17-49 
re 4678 9°85 10-57 10-97 12-46 ~~ 13-97 15-76 17-67 


4455 8-87 9-68 10-12 11-8] 13-55 15-61 17-78 
“1 9-62 11-44 13-29 15-45 17-71 
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Ethyl Diacetyltartrate.—This ester, prepared by the method of 
McCrae and Patterson (J., 1900, 77, 1098), distilled at 163°/10— 
11 mm. It was fractionated three times and recrystallised from 


aqueous alcohol five times. Further distillation and recrystallis- . 
ation caused no change in rotation (Found: C, 49-56; H, 6-29, 
Cale. for C,,H,,0,: C, 49-66; H, 621%). The compound is 
anomalous; the temperature-rotation curves intersect. The 
rotation was found to be slightly higher than the values given by 67 
the above authors. Rotations were taken in a 1-dem. tube. 65 
63 
af”. (ale. M. p. pe 
McCrae and Patterson give ...... +5-28 4-75 67—68° 55 
The authors find ......s..eccceeeeees 5-44 4-85 67-7° (corr) 54e 
532 
508 
467 
Sipeipateeinemnbicmannis 116-1 149-9 182-4 447 
sewbarnenesconsubeconees 1-1149 1-0627 1-0274 0:9934 435 
dit” ux i be dit! * a?* .. aie? .. a? . I 
1-1059. 1-0920. 1-0779. 1-0562. 1-0350. 1-0139. Fra 
r. iet’* 2 (nn afi. wt tok“ .. taker, for 
6708 +4-67° 5-10° 5-62° 6-58° 761° 8-61° Wh 
6563 4:78 5-26 5-81 6-80 7-92 8-94 abs 
6364 4-93 5-44 6-03 7-12 8-27 - 9-39 " 
6152+ 5-04 5:57 6-22 7-43 8-69 9-91 part 
5893 5-13 5-74 6-48 7-80 9-26 10-65 eigh 
5590 5-08 5:83 6-68 8-20 9-88 11-47 
5461 5-01 5-76 6-70 8-36 10-16 11-84 Calc 
5324 4-85 5-68 6-68 8-44 10-39 12-18 [apis” 
5086 4-29 5:39 6-47 8-44 10-67 12-75 Sage 
4861 3°51 4-81 6-05 8-23 10-62 13-21 59-3 
4678 2-64 3°96 5-46 7-92 10-50 13-39 the t 
4359 0-0 3°65 6-7 9-93 13-08 Rote 
Ethyl Monobenzoyltartrate.—This ester was prepared by a modi- De 
fication of Frankland and McCrae’s method (J., 1898, 73, 307). P 
To 40 g. of anhydrous ethyl tartrate, heated and mechanically a 
stirred in an oil-bath (130—135°), 19 g. of freshly distilled benzoyl 
chloride were added, drop by drop, during 2 hours. The puri- 
fication was carried out in accordance with their method, except 
that anhydrous sodium sulphate was used in place of potassium d. 
carbonate as drying agent. The compound was recrystallised four 196 - 
times from light petroleum (b. p. 40—60°); yield 24 & (Found: pr 
C, 57-93; H, 5-87. Calc. for C,;H,,0,: C, 58-04; H, 583%); 6152 
m. p. 66-2° (corr.) ; [a]p" 19-13°; [a] 16-68° (compare ania ped 
and McCrae: yield, 23 g. from 60 g. of ester; m. p. 66—66:5° ; 5324 
[x] 20-71°; [a] 16-36°). The ester exhibits anomalous rotatory aa 
dispersion, and the temperature-rotation curves for short wave-B 467g | 
4455] 


lengths intersect. Rotations relate to a 1-dem. column. 
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Densities determined : 


78-0 124-6 161-9 192-0 
1-1489 11061 1-0719 1-0424 


67°7° 85°1° 103°9° 124°7° 142°8° 160°1° 
dg" de™= dgP"™= dX" aft= aP'= 


4 — 4 4 — 

1-1582. 1-1423. 1-1251. 1-1060. 1-0891. 1-0734 

Cg we. ir". [a]\™ is feR”’. [a],” 1 : 

6708 + 15-52° . 14:93° 14-62° 14-23° 13-70° 13-29° 12-79° 
6563 16-11 , 15-50 15-15 14-78 14-25 13°83 13°34 
6364 16-90 . 16-33 15-95 15°55 15-03 14-61 14-11 
6152 17-89 ° 17-24 16-82 16-43 15-86 15-39 14-90 
5893 19-10 ° 18-42 17-98 17-52 16-94 16-46 15-93 
5590 20-57 . 19-84 19-43 18-93 18-37 17-85 17-28 
5461 21-19 , 20-47 20-01 19-53 18-94 18-42 17-82 
5324 21-81 ° 21-06 20-67 20-19 19-57 19-04 18-38 
5086 22-68 - 22-03 21-66 21-27 20-60 19-95 19-37 
4678 23-42 ° 23-24 22-98 22-62 22-01 21-43 20-67 
4472 23-02 26 23°33 23-24 23-02 22-47 21-89 21-17 
4359 22-48 ° 23-10 23-18 23-09 22°59 22-03 21-31 


Ethyl Dibenzoyltartrate.—This ester was prepared by the method of 
Frankland and Wharton (J., 1896, 69, 1583), and after it had stood 
for a few days in a vacuum desiccator crystals began to form. 
When crystallisation was almost complete, the mass was dissolved in 
absolute alcohol, allowed to stand, and then seeded. The major 
part of the ester then crystallised over-night, and was recrystallised 
eight times from absolute alcohol (Found: C, 63-80; H, 5-40. 
Cale. for C,.H,.0,: C, 63-73; H, 5-369); m. p. 63-5° (corr.); 
[x]; — 59-30° (Frankland and Wharton give m. p. 62-5°; [«]#° — 
59-36°). Its rotatory dispersion is complex and shows minima in 
the temperature-rotation curves (compare Frankland and Wharton). 
Rotations were taken in a l-dem. column. 

Densities determined : 


73°95 26-6 158-9 192-9 
1-1988 1-1498 ° 1:0767 1-0477 


P 26° 49°5° 73°2° 99°4° 19°1° 136°8° 161°4° 
des = dg= de = dp = de'= de - de = d= 


4 _— 4 
1-1984. 1-1905. 1-1702. 1-1499. 1-1275. 1-1105. 1-0960. 1-0746. 


fo. fal’. Col. Cal. Cal. Cal? Ce. Cal. 
6708 —40-97° —42-50° —43-69° —43-57° —42-33° —40-6 39-34° —36-49° 
6563 43-54 45-11 46-33 46-17 44-73 -0€ 41-51 38-70 
6438 45-98 47-63 48-82 48-73 47-09 5° 43-63 40-87 
6152 52-21 53-99 55-26 55-00 53°21 51-10 49-24 46-06 
5893 58-91 60-81 62-18 61-95 59-82 57-52 55:27 51°94 
5590 69-23 71-23 72-75 72°13 69-61 66-67 64-19 60°51 
5324 80-16 82-28 83-98 83-22 80-24 76-76 73°91 69-72 
5086 = 93-25 95-51 97-39 95-76 92-24 88°34 84-87 79°76 
4861 107-39 109-8 111-86 110-41 106-00 101-10 97-44 91-21 
4678 122-40 125-0 127-27 125-10 119-47 11410 109-40 102-48 
4455 144-60 147-4 150-0 146-0 137-70 131-56 125-70 117-74 
3K 
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Ethyl Thionyltartrate—The most satisfactory method investigated 
for the preparation of this compound was that given by Schiller (Ber., 
1909, 42,2017). The following method of purification was adopted. 


’ , f 
The mixture, after reaction, was washed repeatedly with water, f 
shaken eight times with 1°, sodium carbonate solution, again washed - 
repeatedly with water, dried in ether (anhydrous sodium sulphate) 6 
and fractionated in a vacuum. After 9 fractionations, a 3-dem. 5 
column of the compound on comparison with a 3-dem. column of 5 
ethyl tartrate, showed practically no colour (Found: C, 37-91; 5 
H, 4:72; S, 12-8. Cale. for CgH,,0,S: C, 38-07; H, 4-80; §, ‘ 
12-71%). 4 
The data available for this ester are as follows : 
? B. p. [e 
McKenzie and Barrow " 
(J., 1911, 99, 1910) ... 160°/I2mm. ap” —244-3° [a] —183-8° 
Schiller (loc. cit.) ......... 169°/11-5 mm. [a]p * —56-71° 
Lee (Thesis, University 
of Birmingham, 1912) 164°/14mm. ap —241-5° 
Present authors ......... 159°/llmm. ap” —241-36° [a]p” —182-56° 
On standing, the oil acquires a yellow colour and shows a decrease 
in rotation. The ester shows simple rotatory dispersion. Rotations 
at lower temperatures were taken in a 3-dem. tube, and those at 
higher temperatures in a 2-dem. tube. The formula used for 
calculating [«] at each temperature is given at the foot of the 
appropriate columns, and the difference (observed—calculated) is 
shown in the column headed “ Diff.” 
Densities determined : 
| ttteeeeeeeeeees 61-01 106-4 148 174-2 
a manepeeeunonees 1-3320 1-2749 1-2225 1-1738 1-1423 
di?) = 1-3305. dy” = 1-322. di” = 1-2966. 
d. [aj?”. Diff. [a];*’. Diff. er. Diff. Et 
6869-5 — 130-85° —0-01 —129-45° +001 —126-27° +0-01 giver 
6708 136-48  +0-04 ew 
¥ 6563 144-79 +0-02 143-21 —0-01 139-69 —0-01 Be ty 
‘ 6364 153-40 —0-01 Imo 
i 6152 167-31 +-0-02 165-54 — 0-03 161-49 —0-01 toget 
3 5893 184-42 +0 182-56 +0 178-07 —0-02 ’ 
5590 =—-:208-26 +005 206-22 +003 201-16 +0-02 me A 
| 5461 217-70  —0-02 sodiu 
i 5324 231-22 +0-09 225-54 +0-06 128°/ 
' 5086 260-08 +0-01 257-73 —0-02 251-40 —0-05 are 
4861 290-11 —0-01 287-63 —0-05 280-59 — 0-06 C,H, 
4678 318-91 +0-06 316-29 —0-01 308-55 —0-04 hvdrc 
4472 357-15 +0-10 354-45 —0°13 345-80 +0-03 ’ 
4359 381-20 —0-03 378-56 +0-04 369-30 — 0-03 cannc 
setts oe ee OO Macti 
lays" = — yr 9-042642 (I?"=—j—0-043405 Lah? =— j2=0-43556 tions 
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dy” = 1-2796. dy” = 12496. dy” = 1-2216. 

r. fa]. iff. fa’. = Diff. OC ge Diff. 
6869-5 —124-43° —121:54° +0 —119-52°  +0-01 
6708 
6563 137-66 02 134-42 —0-09 132-27 +0-00 
6364 14417 +0-06 
6152 159-09 155-51 —0-05 152-94 —0-03 
5893 175-42 ‘ 171-55 —0-03 168-71 —0-02 
5590 198-14 . 193-88 +0-01 190-66 +-0-02 
5461 
5324 222-14 217-47 +-0-05 213-88 +-0-08 
5086 =. 247-66 . 242-52 —0-05 238-51 —0-03 
4861 276-28 270-89 —0-03 266-34 —0-04 
4678 303-77 0! 293-05 +0-01 
4472 340-40 “1s 334-09 —0-01 328-66 +0-09 
4359 363-40 357-00 —0-01 351-10 —0-01 

ta 53-331 ae 51-955 7“ 51-083 
la]? =—)2 —9-04326 [el?*=—j2—0-04aas [4] =—)2 — 0-04462 


ad” — 1.2003. aif 1-1768. 


A. [a]. [a]y 
6869-5 —118-27° + — 117-28° 
6708 123-63 
6563 130-89 . 129-72 
6364 138-95 
6152 151-40 ‘ 149-95 
5893 166-94 0% 165-33 
5590 188-65 +-Q- 186-76 
5461 197-12 
5324 211-60 . 209-34 
5086 235-98 . 233-28 
4861 263-51 “OE 260-34 
4678 289-87 -06 286-21 
4472 325-12 . 320-72 
4359 347-38 : 342-30 


54° 


a [apse = 50-275 
[a] e A? — 0-04444 a), =— }3 — 0-04918 


At 149° a decrease of rotation a;9sg = 0°03° was noted. 


Ethyl Dichlorosuccinate—This ester was prepared by the method 
given by Lee (loc. cit.) from the ethyl thionyl ester, using pyridine 
hydrochloride as a catalyst (1 mol. thionyl ester, freshly prepared ; 
1 mol. thionyl chloride ; and 2 mols. pyridine hydrochloride ; heated 
together for 8 hours on a water-bath at 100°). The resulting oil 
was washed repeatedly with water, taken up in ether, dried over 
sodium sulphate, and fractionated in a vacuum eight times; b. p. 
128°/12—13 mm.; aj’ — 52-54° (Found: Cl, 28-7. Cale. for 
CsH,,0,Cl,: Cl, 29-18%). On standing, racemisation or loss of 
hydrogen chloride takes place and the rotation decreases; the ester 
cannot then be brought up to its original rotation by vacuum 
fractionation. The ester shows simple rotatory dispersion. Rota- 
tions were taken in a 2-dem. tue. 
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Densities determined : 


61-4 110-6 148-4 
1-1902 1-1346 1-0908 


diz" = 12454. di=* = 1-2343. d?* = 1-2130. 

d. [a],". Diff. [a}?*. Diff. [aj?*. 
6869-5 —29-89° +001 —29-97° +0 —30-02° 
6708 31-54 +0-02 31-62 +0 31-75 
6563 33-12 +0-01 33-23 +0-02 33-26 
6364 35-52 +0-01 35-59 —0-03 35-69 
6152 38-36 —0-02 38-47 —0-02 38-53 
5893 42-40 —0-01 42-52 +0 42-58 
5590 48-02 —0-01 48-24 +0-09 48-29 
5461 50-77 —0-02 50-87 —0-04 51-01 
5324 54-00 +0 54-11 —0-02 54-27 
5086 60-39 —0-02 60-51 —0-03 60-66 
4861 67-64 —0-03 67-78 —0-01 67-91 
4678 74-62 —0-04 74:75 —0-03 74:97 
4472 84-04 +0-01 84:12 —0-03 84-37 
4359 90-02 +0 90-14 +0-02 90-36 

12-611 12-663 


OP eke aa anal [aj on mee 


[a]? = — 2 — 9.04992 Lal” = — 92 0-04960 ¥ — 004979 


d%* —. 1-1892. dv = 1-1613. diet’. 1-1420. 
d. a. Diff. [a]; iff. len. 
6869-5 —29-63° —0-01 — 28-84° . — 28-26° 
6708 31-26 —0-01 30-46 ° 29-83 
6563 32°84 —0-01 31-98 31-34 
6364 35-20 —0-02 34:31 ob 33-62 
6152 38-04 —0-03 37°15 . 36-34 
5893 42-05 —0-01 41-01 . 40-17 
5590 47-74 +0-10 46-48 . 45-55 
5461 50-35 —0-02 49-16 . 48-16 
5324 53-57 +0:01 52-30 ° 51-25 
5086 59-90 —0-02 58-53 57°39 
4861 67°11 +0 65-61 . 64-34 
4678 74-05 +0-01 72°46 ok 71-03 
4472 83-36 + 0-02 81-68 . 80-07 
4359 89-31 +0-03 87°53 85-81 
— 12-508 a 12131 
[a]?* = — 2 — o-o4991 lel = — 92 0-05141 L* »# 
At 122-9° an increase of rotation a;,5, = 0:33° was noted, which indicated 
decomposition, and comparison of observed with calculated values showed 
the rotatory dispersion still to be simple. 


104°1° —_ 
aga 


Methyl Tartrate——This ester was prepared from Kahlbaum’s 
methyl alcohol by the continuous esterification process mentioned 
under ethyl tartrate (150 g. tartaric acid; 14 hrs.; oil-bath at 
120—125°). It was fractionated in vacuum six times, and had 
b. p. 165—166°/11-5 mm., m. p. 48°. Rotations were taken in 4 
2-dem. tube. 

Densities determined : 


F sstintvce 29-5 53:3 67:8 88-3 122-9 138-9 170 
1-3232 1:2985 12836 1:2624 1:2263 1-2093 =—-1-1770 
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6708 


FROM THE STANDPOINT OF THE DRUDE EQUATION. 


A. 
6708 
6563 
6438 
6152 
5893 
5590 
4359 


; 
1-2698. 
[a]. 
+5-18° 


di" (extrapolated) di?” — 


= 1-3356. 
[a] 


+2-32° 
2-36 
2-34 
2°19 
1-87 
1-21 

—9°17 


_— <A 

1-2549. 
[a]. 
5-54° 


aie __. 
1-2495. 
[a],””. 


5-67° 


1-3180. 


roe, 
3°45° 
3-49 
3-49 
3°45 
3°28 
2-84 

— 5-81 


124-9° 
ayt* — 
1-2246. 


124°9° 
[ a], . 
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ae — 


1-2921. 


ay. 
453° 
4-62 
4-67 
4-75 
4°73 
4-56 

— 2-24 


= —— gt —. 
1-2033. 1-1853. 
[a]. fo. 


6-33° 


6152 
5893 
5590 
5324 


5°57 6-02 6-21 a 7-18 
5-68 6-16 6°36 05 7°52 
5-62 6-21 6-43 : 7 

5:38 5-99 6-30 16 7°74 
5086 5°55 586 7-59 
4359 — 0-02 1-21 1-65 4-55 


Methyl Monoacetyltartrate——The ester was prepared similarly to 
the ethyl analogue, and purified as follows: The benzene was 


Ve 
*75 


removed and the residual oil shaken with 5 c.c. of water and separ- 
ated. This was repeated twice. 


The oil was then dissolved in a 
large volume of water and cooled to 0°; the diacetyltartrate which 
separated was filtered off, the filtrate extracted with ether, the 
extract dehydrated over sodium sulphate, the solvent removed, and 
the residual monoacety] ester crystallised from benzene to constant 
rotation and m. p., 82:4°. Estimation of acetyl group by Sud- 
borough and Thomas’s method (loc. cit.) gave 19-3 (Cale., 19-54%) 
(Found: C, 43-55; H, 5-6. Cale. for CsH,.0,: C, 43-62; H, 
549%). Rotations were taken in l-dem. tube. The ester exhibits 
anomalous rotatory dispersion. 
Densities determined : 
100-5 132 

1-2131 1-1987 1-1639 
dy? = 11981. dye? * = 1-1724. 

[ap*. [a], ‘* 
388° 
3°99 
4-09 
4-28 
4:39 
4-38 
4-32 
4-23 
3°96 
3-51 


144-5 
1-1503 
? _- 1-2156.* dy’ * = 1-1546. 
fo}. 
-+-2-06° 
2-04 
2-02 
1-94 
1-80 
1-54 
1-39 
1-15 
0-51 
—0°33 
—1-14 2°99 
—2-21 2-26 
— 2-80 . 1-86 
* Extrapolated. 
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Methyl Diacetyltartrate——The ester was prepared by heating 
methyl tartrate and acetic anhydride for 3 hours and finally raising 
it to its boiling point. The excess of acetic anhydride was removed 
under reduced pressure and the residue poured into water. The 
compound was purified by vacuum distillation and recrystallisation 
from aqueous alcohol; m. p. 106-5°; ajf”* — 9-01° (Found: C, 
45-65; H,5-23. Cale. for C,,H,,0,: C, 45-8; H,5:38%). Freund. 
ler (Compt. rend., 1892, 115, 509; Bull. Soc. chim., 1894, [3], 41, 
305) gave m. p. 103° and determined the rotation in alcoholic 
solution. The dispersion curves are complex and anomalous; 
crossing of the zero axis takes place towards the red end of the 
spectrum for the highest temperature. Rotations were taken in 
a l-dem. tube. 

Densities determined : 


181 
1-0575 


157 
1-0868 


143-5 
11034 


134:1 
1-1150 


eee eee eeeeeneeeeeeses 


073° _ 1283" __ as? — 1715° __ 178°3° _ 


aR: 4 4 eo = 
1-1480.* 1-1220. 1-1036. 1-0689. 1-0609. 


a [aj” ‘3° [a], °°. CS gl CS gal ik 
6708 — 5-20° — 3-96° — 2-85° —0-12° +0-75° 

6563 5-53 4:27 3-06 0-19 +0-70 

6463 5-87 4-54 3°28 0-23 +0-59 

6152 6-83 5-35 3°91 0-52 +0-39 

5893 7°85 6-22 4-65 0-84 +0-10 

5590 9-32 7-41 5-72 1-64 — 0-56 

i 5324 1]-14 8-89 6:98 2-48 — 1-24 
5086 13-21 10-62 8-42 3°46 — 2-16 
fi 4861 15-83 12-75 10-06 4-74 — 3-33 
F 4678 18-21 14-85 11-92 6-10 —4-57 
q 4455 21-67 17-99 — 6-76 


* Extrapolated. 


Methyl Monobenzoyliartrate——This was prepared by slowly 
adding benzoyl chloride (1 equiv.) to a stirred mixture of methy]! 
tartrate and petroleum ether (b. p. 60—80°), the mixture then 
} being boiled under reflux for 5 days. The petroleum ether was 
decanted and the layer of residual oil dissolved in benzene, treated 
with sodium carbonate solution, washed with water, dried over 
anhydrous sodium sulphate, and the benzene removed. The oil 
thus obtained was extracted with hot water and the solution 
filtered. The cold aqueous solution of the required ester was then 
extracted with ether, and when the latter was removed, the product 
solidified and was recrystallised from benzene; m. p. 78° (Found: 
©, 55:22; H, 4:8. Cale. for C,,H,,0,: C, 55:3; H, 4-99%). 


Rotations were taken in a 1-dem. tube. The ester exhibits 
anomalous rotatory dispersion. 
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FROM THE STANDPOINT OF THE DRUDE EQUATION. 


Densities determined : 
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F. sscans 50-5 79-6 93-5 127-4 146:1 158 
& setin 1-2487 1-2204 1-2065 1-1729 1-1533 1-1418 
dt = = i = a? a dt” on 
1-2780. 1-2430. 1-2192. 1-1744. 1-1427 
A. [alj”. [a]\’. [a]*. [a],”*. [a],” 
6708 +4-13° 4-63° 4-99° 4-91° 4-90° 
6563 4:13 4-73 5-09 5-06 5-05 
6438 4-10 4-80 5-18 5-18 5-16 
6152 4-01 4-87 5:27 5:35 5-36 
5893 3°85 4-78 5-21 5-40 5-44 
5589 3-51 4-51 5-00 5-40 5-45 
5461 3°30 4-33 4-84 5-30 5:37 
5324 2-93 4-06 4:65 5-14 5-22 
5086 1-85 3°15 3°91 4:56 4:73 
4861 0-41 2-01 2-80 3:67 4-03 
4678 — 1-05 0-48 1-31 2-63 3-19 
4455 — 3-46 — 1-65 — 0-60 1-04 1-91 
4359 —4-38 — 2-48 — 1-40 0-20 1-21 
Methyl Dibenzoyltartrate——This was prepared by the method 
described by Frankland and Wharton (J., 1896, 69, 1583). (Found : 


C, 62-1; H, 4:78. Cale. for C,9H,,0,: 
Comparative data are : 


Frankland and Wharton. 


RO ALGT CS ed PARROTT PME ORE lar Be 135-5° 
Geter PPPS reat e meee wees 1-1285 
OT Acdece dcitacisbodeiebensttnesiete 1/1191 
DEE” .eashgabenitcicsiesthdeniseanieniene — 66-84° 


Rotations were taken in a l-dem. tube. 
complex rotatory dispersion. 
Densities determined : 


C, 62-15; 


H, 47%). 


Present authors. 
135°5° 
1-1306 
1-1223 
— 64-2° 


The ester exhibits 


"pe PnaeW A UTE Rees Savant OER (nw aes 140-6 153-7 166-2 
" AD CIES Wd PAO Ae We tte rev eee 1-1384 1-1276 11171 
qis** — 1.1428, di? — 1-1285 
i. © gag [a], 
6708 —45-78° —43-03° 
6563 48-23 45°51 
6438 50-88 47-78 
6152 57-42 53-95 
5893 64-51 60-59 
5590 74:69 69-95 
5461 79-96 74:79 
5324 85-76 80:34 
5086 97°95 91°57 
4861 112-18 104-60 
4678 126-13 118-01 
4455 145-68 137-88 
4359 153-5 147-11 
Summary. 


(1) Inflexion and maxima are confined to the positive region of 
rotation, and crossing of the axis, dx/da, is positive for methyl and 
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ethyl d-tartrates and those derivatives of the two esters which 
exhibit anomalous rotatory dispersion. 

(2) The occurrence of anomalous rotatory dispersion is an indic- 
ation of the relative configuration. 

(3) The explanation of anomaly by consideration of ultra-violet 
terms only is incomplete. A view has been put forward postulating 
an infra-red term in the Drude equation. The term is negative for 
a compound of relative configuration “d.” This term, though its 
contribution may be small compared with rotation of electronic 
origin, is necessary, for it controls (a) the association of the high- 
frequency constant with the positive ultra-violet term, and (5) the 
final course of the path to the infra-red band in the positive region. 

(4) The consideration of anomaly involves both the superposition 
rule (Lowry, /oc. cit.), and also Wood’s interpretation of Drude’s 
view of spurious anomaly; for the dispersion occurs between two 
bands, the low-frequency band in the ultra-violet, and the infra-red 
band, and not merely outside the ultra-violet bands (longer wave. 
length side), the infra-red band being neglected. 

(5) Quartz is taken as an illustration of the importance of the 
infra-red term. 

(6) By an extension of Thomson’s view, a single asymmetric 
centre can give rise to anomaly. 

(7) Different classes of anomalous rotatory dispersion are dis- 


cussed. 
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for very considerable assistance from her point of view as a physicist, 
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Fuller for his help in calibrating the optical instruments and also 
for repeating the work on certain compounds. 
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CCX X.—Rotatory Dispersion: Intersections of Disper- 
sion Curves and of Temperature—Rotation Curves. 


By CHartes Epmunp Woop and Sypney Dieeary NIcHoLas. 


Ir is well known that the temperature—rotation curves for methyl, 
ethyl, propyl, butyl, heptyl, and octyl d-tartrates show maxima 
in the positive region of rotation and that such maxima are dis- 
placed to a higher temperature with decrease of wave-length. The 
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esters thus exhibit similar phenomena (Patterson, J., 1916, 109, 
1139, etc.; Frankland and Garner, J., 1919, 1415, 636; Winther, 
Z. physikal. Chem., 1902, 41, 161; Walden, Ber., 1905, 38, 366). 
A maximum in a temperature-rotation curve for a particular wave- 
length corresponds to the particular wave-length point on a dis- 
persion curve, this point being situated vertically above points for 
the same wave-length on all other dispersion curves both for lower 
and higher temperatures. 

Under certain conditions a maximum is defined by the point of 
intersection of two dispersion curves, the wave-length corresponding 
to the point of intersection having maximum rotation between the 
limits of temperature of the two dispersion curves—the closer the 
temperature limits, the more accurately is the maximum rotation 
defined for the wave-length of intersection. In general, maxima 
in temperature—rotation curves indicate intersection in dispersion 
curves except in cases of simplicity. The movement of maxima is 
indicated by a particular type of intersection. 

Manner of Intersection of Dispersion Curves showing Maxima of 
Positive Rotation.—Intersections of the dispersion curves occur in 
a definite order. The diagrammatic dispersion curves (Fig. 1) 
represent maxima of rotation for different wave-lengths and their 
movement in the positive region. The lower-temperature dis- 
persion curve (for 60°) is cut by the steeper higher-temperature 
curve (for 80°) at 2,. The intersection indicates (i) a maximum 
in the temperature—rotation curves for ,, (ii) maxima for all wave- 
lengths greater than 2,, more pronounced definition of the maxima 
occurring the greater the wave-length, and (iii) no maxima for all 
wave-lengths less than 4,, less pronounced approach to maxima 
occurring the smaller the wave-length. Therefore the maxima for 
different wave-lengths are moving into the blue region of the 
spectrum with increase of temperature: The important point to 
note is that decrease of rotation causing maxima originates in the 
red. The movement of maxima is shown clearly when the higher- 
temperature dispersion curve cuts the lower and becomes the 
dispersion curve of highest rotational value towards the blue.* 
This intersection depends upon a relatively large temperature 
rotation movement of the maxima, or if small, the experimental 
determination of dispersion curves of only small temperature 
differences in the region of intersection. 

The steepest (100°) dispersion curve cuts the lower-temperature 
curves in the following order: 40°, 60°, 80°, and finally becomes 
the curve of highest rotational value in the blue, 7.e., on decreasing 

* Secondary intersections (as c, d, Fig. 1) indicate also the type of inter- 
section. 


3K2 
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the wave-length the dispersion curve for 100° intersects other dis- 
persion curves in the order of increasing temperature, and thus at 
the intersection of the 100° and 80° curves the maximum rotation 
is carried to a higher temperature in the blue. 

This order of intersection and origination of maxima in the red 
occurs in those derivatives of d-tartaric and [-lactic acids which 
show movements of maximum rotation for different wave-lengths 


Fie. 1. 
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in the positive region. If the following condition obtained—that 
the 100° curve intersected the dispersion curves in the irregular 
order, 40°, 80°, 60°—a discontinuity would be noted resulting in an 
irregularity, a depression, in the temperature—rotation curves. 

The values e and f may be regarded as the maximum rotations 
attained by the wave-lengths 4, and ds, respectively, under the 
experimental conditions investigated. Similarly the values for 
a and b may be regarded as maxima. The secondary intersection ¢ 
(intersection of dispersion curves for wider temperature limits than 
the primary intersection) gives two equal rotational values, one for 
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40° on one side, and the other for 100° on the other side, of the 
maximum rotation @ for 2p. 

Curve of Maximum Dispersion.—The curve fba into the red 
region is an infinite number of intersecting dispersion curves which 
intersect systematically (without irregularity of the type of inter- 
section, the intersections passing gradually out of the red into the 
blue region) and give rise to a curve of maximum dispersion develop- 
ing in the direction red—blue (Fig. 1). The curve will lie just above 
a primary intersection, and will coincide with the two intersecting 
curves, viz., the low-temperature dispersion curve on the side of 
the intersection directed towards the red, and the high-temperature 
curve on the side directed towards the blue. This curve is inter- 
esting, for it has direction and shows clearly the variation of maxi- 
mum rotation with change of wave-length. Further the generation 
of this curve, 7.e., the type of intersection, shows how dispersion 
curves pass over the maximum of a surface into a non-anomalous 
region where increase of temperature causes a decrease of rotation 
and where there is no access to the negative region with decrease 
of rotation. The only way of gaining the zero axis is by a passage 
back over the maximum into the anomalous region. 


Intersection of Dispersion Curves. 


Ethyl Tartrate-—The intersections of the ad dispersion curves * 
for ethyl tartrate have been studied and the measurements are 
given below. 


A. Temp. 120°. 140°. 152°. 162-4°. 173°. 


7214 +11-87 11-94 11-90 11-82 11-71 
7006 12-14 12-20 12-15 12-08 11-99 
6707 12-85 12-97 12-94 12-88 12-78 
6364 14-10 14-10 14-05 13-96 
6152 14°83 14-85 14-82 14-73 
5893 15-86 15-92 15-90 15-82 
5590 17-08 17-16 17-15 17-08 
5461 17-63 17-71 17-72 17-66 
5219 18-75 18-82 18-78 
5154 19-11 19°13 
5086 19-39 19-43 
4964 19-89 19-95 


(The rotations were taken in a 3-dem. tube. Densities determined : ar 
10720; dj" 1-0386.) 


* The authors recognise that the returning of the a—A dispersion curves is 
open to criticism. To obtain intersection of the [a]—A curves, it is necessary 
to work at over 200° (compare Patterson, loc. cit.), which is difficult. They 
have not observed change in the mode of intersection of the a—A dispersion 
curves to that present in the final [a]—A curves in any compound yet examined ; 
it is a good guide to the probability of intersection of the [a]-A curves at 
higher temperatures. 


1700 ROTATORY DISPERSION : 


From the above measurements the 152° dispersion curve inter- 
sects the 140° curve at } = 6364, the 162-4° curve intersects the 
140° curve at about 4 = 6152 and the 152° curve between 5590 
and 2 5461; finally, the 173° curve intersects the 140° curve at 
2 = 5590, the 152° curve between A = 5461 and A 5219, and the 
162-4° curve between 2 5219 and 5154, becoming the dispersion 
curve of highest rotational value towards the blue. A curve of 
maximum dispersion («, A) originating in the red can be drawn 
touching the family of curves, which curve may be looked upon 
as an envelope of the family. 

Ethyl Monobenzoyliartrate——The dispersion curves (Fig. 2a) of 
this derivative are interesting. They are remarkably parallel and 
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Rotatory dispersion curves for ethyl monobenzoyltartrate. 


show maxima for the low temperatures, but only approaches to 


maxima for the high temperatures. Intersections taking place in wa 
the blue and the violet in the usual manner give rise to the maxima to. 
as shown in the temperature-rotation diagram (Fig. 2b) (Wood and dec. 
Nicholas, this vol., p. 1671). mer 
These dispersion curves lie almost wholly (except those for hap 
wave-lengths in the blue and violet for the lower temperatures) com 
on a descending surface, where increase of temperature, though expe 
decreasing the rotation, removes them from the region of anomaly. pers 
The temperature-rotation curves make this point clear, for they 4 
(a 5086—2 6708) are on a surface to the right of the maxima; 4 : 
point of importance is that to the right of the maxima the curves Ei 
show no tendency to converge and intersect. Curves for tem- peral 
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peratures higher than 160-1° may not be trustworthy owing to 
slight decomposition in the compound, but up to 190° there was no 
indication of minima (see curve for 177-6°). 

Frequently in experimental work intersecting dispersion curves 
are obtained as represented diagrammatically in Fig. 3. From a 
consideration of these curves it is clear that the temperature— 
rotation curves show no definite movement of the maxima with 
temperature, maxima for all wave-lengths being situated apparently 
at 80°; nevertheless, the higher-temperature dispersion curve is 
the steepest, the inference being that the maxima for different 
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Temperature. 
Rotation—temperature curves for ethyl monobenzoyl-d-tartrate. 


wave-lengths exhibit small movement in the neighbourhood of 80° 
to a higher temperature and higher rotation as the wave-length 
decreases. The range of temperature for investigating the move- 
ment of maxima has not been selected appropriately. It may so 
happen that the 100° dispersion curve is coincident or almost 
coincident with the 80° curve, definite intersection being within 
experimental error. This is owing to the parallelism of the dis- 
persion curves. 


A Dispersion—Temperature Relationship for Two Enantiomorphs. 


Ethyl d-tartrate is anomalous in the positive region. Its dis- 
persion curves show crossing of the axis in a definite manner, maxima, 
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inflexion, and intersection of a particular type. Its temperature— 
rotation curves show crossing of the axis (d«/dT’ positive), inter- 
section, and maxima of positive rotation moving in the manner 
indicated above. With the exception of the passage of curves 
from the negative to the positive region of rotation, these character- 
istics occur only in the positive region. It is inferred that such 
characteristics are definite criteria for a compound of d-configur- 
ation. For instance none of the n-alkyl J-lactates (methyl to 
nonyl inclusive) exhibits visible anomaly in the homogeneous 
condition, but certain of the esters (including isobutyl /-lactate) 


Fie. 3. 
[a]. 
30° 
60° 
100° 
L,0° 
blue A. red 


show definite movement of maxima (temperature-rotation curves) 
to a higher temperature with decreasing wave-length. 
l-«-Naphthylmethylearbinol (Pickard and Kenyon, J., 1914, 105, 
1115) is anomalous in the negative region of rotation, and its 
temperature-rotation curves exhibit movement of maxima to a 
higher temperature with decreasing wave-length. Since the inter- 
section of its dispersion curves takes place in the negative region 
and is of similar general character to the method of intersection 
of the dispersion curves of ethyl d-tartrate situated in the positive 
region, it is inferred that the alcohol exhibits maxima of negative 
rotation and is related configuratively to /-tartaric acid. If tem- 
perature-rotation curves showing maxima and their movement be 
drawn diagrammatically for a compound of d-configuration, then 
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the maxima and their movement for a compound of /-configuration 
may be represented by a mirror image situated in the negative 
region. This method of ascertaining the configuration of a com- 
pound by maxima of positive or negative rotation is dependent on the 
following conditions : (1) The crossing of the axis, dx/d7’, is positive 
for a compound of d-configuration and negative for a compound 
of /-configuration on the temperature—rotation diagram, provided 
that the maxima are to the right of the region of anomaly; (2) 
maxima move in the manner indicated, provided that the region 
of anomaly is to the left of the maxima. If the region of anomaly 
is to the right of the maxima, then crossing of the axis da/dT' is 
negative (compound of d-configuration) or positive (compound of 
/-configuration). The maxima will move to a lower temperature 
with decrease in wave-length. This follows from the convention 
of plotting temperature in one direction only, without reference to 
the singular way of crossing the axis in the dispersion diagram. 
[Compare the esters of d-benzylmethylearbinol (Kenyon and 
Pickard, J., 1914, 105, 2271), in which increase of temperature 
causes a decrease in rotation. | 


** Negative ’’ Minima. 


The temperature—rotation curves to be considered are situated 
in the negative region and are concave towards the axis of zero 
rotation. In these respects they are similar to the temperature— 
rotation curves showing maxima of negative rotation (compound 
of /-configuration). The former for sodium light were first investig- 
ated by Frankland and Wharton (J., 1896, 69, 1587) and the curve 
obtained for ethyl dibenzoyl-d-tartrate was described as “ the pas- 
sage through a maximum in the change of rotation brought about 
by change of temperature.’ Patterson (loc. cit.), however, describes 
such curves as showing minima of rotation, rotation being con- 
sidered in an absolute sense. They are considered here as true 
minima and are termed “ negative ’’ minima. 

The dispersion diagram for ethyl dibenzoyl-d-tartrate exhibits the 
following main features: (1) Increase of temperature increases the 
rotation until a definite temperature is reached, after which further 
increase of temperature decreases the rotation; (2) dispersion 
curves intersecting in the order of increasing temperatures; (3) a 
curve of minimum dispersion originating, in the visible spectrum, 
in the violet. The minima in temperature—rotation curves there- 
fore move to a lower temperature with decrease of wave-length. 

A number of unrecorded intersecting dispersion curves were 
obtained for this compound—one curve had rotation [a] = 
— 43-71° and [x]%®% = — 126-85° (compare experimental portion 
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of preceding paper)—all of which definitely exhibited the movement. 
These results are in agreement with the investigation of Patterson 
on isobutyl dibenzoyl-d-tartrate (Proc. Roy. Soc. Edin., 1918, 39, 
18). 

The movement of negative minima (compound of d-configuration) 
is in a direction opposite to the movement of maxima of negative 
rotation (compound of /-configuration). This movement holds for 
those minima which have been investigated. Cases may arise 
where it is not easy to distinguish negative minima from maxima 
of negative rotation. It has been mentioned that maxima move in 
one direction only provided that such maxima are plotted on the 
temperature-rotation diagram to the right of the crossing of the 
axis and region of anomaly. If minima are plotted to the left of 
the crossing of the axis, d«/dT' positive, only then is it- possible to 
distinguish clearly negative minima by their movement from maxima 
of negative rotation (in absence of anomaly) and hence the con- 
figuration of the compound. 

Considering minima, it is necessary to ascertain that no inter- 
section of the temperature—rotation curves occurs in the negative 
region, and further, that crossing of the axis and region of anomaly, 
provided these points can be investigated accurately by extra- 
polation, are to the right of the plotted curves in the temperature- 
rotation diagram. Considerable information on these points is 
given by a characteristic diagram (Patterson, J., 1916, 109, 1139). 
An important point with regard to compounds showing negative 
minima is that, although solvents alter the rotation to some extent, 
yet the effect is not great, and in certain solvents the minima 
persist (Patterson, Proc. Roy. Soc. Edin., 1918, 39, 18), which is 
not the case, as a rule, with compounds exhibiting maxima. 

The fourth case—positive minima (compound of l-configuration)— 
situated in the positive region of rotation, has not been investigated 
so far as we are aware. This case may be looked upon as being, 
in general character, a mirror image of the minima discussed : 
further, it is assumed that the occurrence and movement of minima 
is a dispersion—temperature relationship for two enantiomorphs, 
and that such movement differentiates them from maxima. 

In illustration of a few points as to the nature of the region from 
minima to crossing of the axis, the results obtained from the 
investigation of methyl diacetyl-d-tartrate may be mentioned. 
The dispersion curves lie in the negative region except for the 
highest temperature, when crossing of the zero axis occurs. The 
temperature-rotation curves show approach to minima, converg- 
ence on proceeding towards the axis but no intersection, and 
crossing of the axis to the right of the probable minima for the 
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curves of longer wave-length. Since anomaly is in the positive 
region and crossing of the axis (d«/d7') is positive, it is inferred that 
the temperature-rotation curves are approaching to negative 
minima of a similar type to those exhibited by ethyl dibenzoyl- 
tartrate. Had the compound possessed the reverse temperature 
coefficient with regard to rotation, the temperature-rotation curves 
would cross the axis to the left of the minima; it is necessary, 
therefore, to consider the region of anomaly or other characteristics 
mentioned. 

Ethyl d-dichlorosuccinate exhibits simple rotatory dispersion in 
the visible spectrum and negative minima in the temperature- 
rotation curves. Definite indication of movement of the minima 
could not be obtained owing to the remarkable parallelism of the 
dispersion curves. If the movement of minima occurs, it is over a 
very close range of temperature and is within experimental error. 
In this connexion it is interesting to note that ethyl dibenzoyl-d- 
tartrate is complex. 


Minima of Positive Rotation. 


isoButyl diacetyl-d-tartrate, investigated by Patterson (loc. cit.), 
shows minima of positive rotation which move to a higher tem- 
perature and lower rotation with increase of wave-length. Inter- 
section and consequent development of a dispersion enveloping 
curve of minimum rotation in the direction violet ——> red occurs, 
which is characteristic of those d-tartrates which show negative 
minima and movement of minima in the negative region. 

It is assumed that minima of negative rotation may be repre- 
sented, in general character, by the mirror image of the case 
considered. 

Although several cases of minima and possible minima (temper- 
ature-rotation curves convex towards the axis of zero rotation) 
are known, little definite information is available regarding the 
movement of such minima, and no conclusion can be reached, at 
this stage, as to whether there are two or four cases of convexity 
(minima and maxima). If there are only two, representing enantic- 
morphic relationship, the minima mentioned above, then the rotation 
region of occurrence indicates the configuration ; further, the move- 
ment, provided movement of minima occurs, indicates the position 
of the minima, viz., to the right or the left of the anomalous region 
on the temperature-rotation diagram .* 

If it were shown that a compound of d-configuration in its tem- 
perature-rotation curves exhibited what appeared, on a cursory 


* With respect to the position of the minima of positive rotation and the 
anomalous region, compare Patterson (loc. cit.). 
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glance, to be minima of negative rotation (curves convex to the 
axis in the negative region) though actually maxima, then it would 
be necessary to differentiate this phenomenon * from minima of 
negative rotation before a criterion, based on minima and maxima 
(curves convex to the axis), could be established for determining 
configuration. 

The temperature—rotation curves for ethyl thionyl-d-tartrate lie 
in the negative region and are of small curvature, slightly convex 
‘to the axis of zero rotation. The investigation of this compound at 
higher temperatures than those recorded yielded no information 
as to the possibility of a second type of convexity ascending to a 
maximum in the negative region. 

d-Ethyl-n-decylcarbinol may be cited as a case of a compound 
showing minima of positive rotation; and /-ethyl-n-nonylcarbinol 
and l-ethyl-n-dodecylearbinol (Pickard and Kenyon, J., 1913, 103, 
1934) as showing minima of negative rotation. The presence of 
these minima in the positive and negative regions, respectively, 
does not prove the configurations of the alcohols conclusively. 


Intersection of Temperature—Rotation Curves. 


Intersection takes place in a definite order, and indicates under 
certain conditions the precise region of a maximum in the dispersion 
curve for a particular temperature; it always indicates anomaly. 

The following points are summarised from the consideration of 
the temperature—rotation curves of ethyl d-tartrate and its mono- 
and di-acetyl and monobenzoy] derivatives, also of methy! d-tartrate 
and its mono-acetyl and -benzoyl derivatives : 

(1) When intersection occurs, the temperature—rotation curve 
for a definite wave-length intersects (with increasing temperature) 


* Also there would be established four cases, and since each case may 
involve two types, according to the position of the region of anomaly, the 
problem would assume a more complex character, and it would be necessary 
to differentiate minima of positive rotation (d-enantiomorph) from maxima 
of positive rotation (/-enantiomorph); in both cases the curves would be 
convex to the zero axis and situated in the positive region. Similarly for the 
negative region, the other two cases of minima and maxima would have to 
be considered. 

Expressed briefly, for a compound of d-configuration there may exist : 
Type of curves 

to the zero Region of 


axis. rotation. Example. 
Minima of positive rotation. Convex. Positive. isoButyl diacetyl- 
d-tartrate. 
Maxima of positive rotation. Concave. Positive. Ethyl d-tartrate. 
Negative minima. Concave. Negative. Ethyl dibenzoyl- 
d-tartrate. 
Maxima of negative rotation. Convex. Negative. Not established. 
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other temperature—rotation curves in the order of decreasing wave- 
length, as illustrated in Fig. 4. 

(2) A primary intersection c, originating from the intersection 
of two such curves for two wave-lengths not far apart, indicates a 
maximum in a dispersion curve—the nearer the wave-lengths the 
more accurately is the maximum in the dispersion curve defined 
for 7';. 

(3) A secondary intersection k indicates two equal rotations on 
each side of a maximum b (which is situated on a curve of definite 
wave-length), provided that 6 is situated on a small intercept. 


Fig. 4. 


ome] onc cal. caccces 


TI 


ree eer oe « 


/ 


Temperature. 
* Wave-length r, > 7,. 


Of course, the two intersecting curves at k define the wave-lengths 
for the two equal rotations on either side of the maximum of the 
dispersion curve for temperature 7’,. 

(4) There is no irregularity in the order of intersection. Inter- 
section occurs at a lower temperature between two temperature— 
rotation curves for wave-lengths in the red, and at a higher temper- 
ature between two curves for wave-lengths in the blue; thus inter- 
sections proceed from the red into the violet with increase of tem- 
perature. This is another statement of the well-known fact that 
maxima in dispersion curves move to decreasing wave-lengths with 
increase of temperature. 

(5) A curve of maximum temperature-rotation may be drawn 
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lying above the intersections (as a and c) and coinciding with the 
intercepts (as ac). The curve originates in the red and develops 
in the direction red -> blue as the temperature increases. 

(6) Intersection of temperature-rotation curves is a phenomenon 
which occurs at a lower temperature than intersection (movement 
of maxima of temperature rotation curves) of dispersion curves in 
the compounds studied. The two phenomena are intimately 
associated. 

It is assumed that the zero axis and the maxima represent the 
limits of anomaly, and the presence of maxima without intersection 
suggests the probability of realising the region of anomaly by suit- 
able choice of solvents, temperature, or derivatives. 

The dispersion diagram is considered as a developing surface on 
a temperature—wave-length plane, having rotations as ordinates: 
the surface of access to the negative region of rotation confronts 
the observer, regions of non-access being more remote. The cross- 
section is a temperature—rotation diagram and shows part of a 
surface developing from the red into the violet. Reversal of the 
movement of the maxima, intersection, etc., in the temperature- 
rotation curves may take place with change in sign of the rotation 
temperature coefficient, the zero axis being crossed to the right of 
the maxima. The temperature-rotation diagram would then 
represent the cross-section of a surface developing from the blue 
into the red end of the spectrum, 7.e., the position of observation 
is reversed. The zero rotation—wave-length axis is perpendicular 
to the plane of Fig. 4, and on the left of the diagram. Consideration 
of this point reduces the two possible movements of the maxima 
to one movement; in fact, consideration of the three axes reduce 
the eight possible cases of maxima and minima (curves concave 
towards the temperature rotation zero axis) to four. 


Intersection of the Temperature Rotation Curves of the Acetyl Deriv- 
atives of Ethyl Tartrate. 


Figs. 5a and 5b exhibit a remarkable similarity. The important 
points to note are: (1) Temperature-rotation curves for 2 435! 
intersect temperature—rotation curves for 4 6708, 4 6563, 2 6364, 
etc., with increase of temperature, without irregularity in the order 
of intersection. (2) The temperature-rotation curve for 2 435% 
(monoacetyl derivative) intersects other temperature—rotation 
curves in order of decreasing wave-length, and finally becomes 
part of a curve or envelope of maximum temperature rotation, 
above the highest temperature investigated. Similar comments 
apply to the curve 4 4678 (diacetyl derivative); this curve becomes 
part of a curve or envelope of maximum rotation below the highest 
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temperature investigated. (3) The arrow in both diagrams indicates 
the direction of formation of the envelope of maximum temperature 
rotation, developing from the yellow-green into the violet. (4) In 
these derivatives of ethyl d-tartrate, intersection of the temperature— 
rotation curves takes place before the appearance of maxima. 
(5) The crossing of the axis (diacetyl derivative) is positive. The 
zero rotation—wave-length axis perpendicular to the plane of the 


Fig. 5a. 


18 


50° 
Rotation-temperature curves for ethyl monoacetyl-d-tartrate. 


diagram is to the left. (6) Both diagrams show temperature-— 
rotation curves passing over the maximum of a surface—the nearer 
part of the surface being formed by temperature-rotation curves 
of longer wave-length (a 6708, 6563, etc.), and the remoter part 
by curves of shorter wave-length (4 4359, 4678, etc.). Considering 
the temperature-rotation curve for 2 4861—this curve for lower 
temperatures lies on a more remote part of a surface; on increase 
of temperature the curve passes Over a Maximum on to a nearer 
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part of the surface, so the passage of the curve over the maximum 
is observed from a position in the red end of the spectrum. (7) The 
effect of acetylating a single hydroxyl group of ethyl tartrate is to 
increase the rotation, to remove maxima to higher temperatures, 
and to remove crossings of the axis to lower temperatures. The 
effect of acetylating the hydroxyl group of the monoacetyl deriv- 
ative is to decrease the rotation and to bring the crossings of the 
axis to a higher temperature. The temperaturé-rotation diagram 
(for 17-5° to 95°) for the monoacetyl derivative corresponds, in 
general character, to the diagram for the diacetyl derivative to the 
right of 122° (122° to 163°), 7.e., the diagram for the monoacety] 
derivative has been removed as a whole to a higher temperature. 


Fig. 56. 


115° 
T'emperature. 


Rotation-temperature curves for ethyl diacetyltartrate. 


Maximum Temperature Rotation and the Movement of Maxima in 
Dispersion Curves. 


Ethyl mono- Ethyl di- 
acetyltartrate. acetyltartrate. 

Temp. Max. rot., [a]. A. Temp. Max. rot., [a]. A. 
17-5° + 10-46° 5300 74:1° +5-13° 5890 
25-1 11-06 5170 87°5 5-83 5660 
29-5 11-44 5100 101-3 6-68 5480 
44-5 12-68 4950 122-2 8-44 5190 
59-6 14-11 4830 142-8 10-62 4930 
76-8 15-76 4700 162-8 13-39 4665 
94-5 17:7 4540 


The above results, obtained by examination of the dispersion 
curves, show the variation of maximum rotation with temperature, 
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and the wave-lengths at which maxima occur (dispersion diagram). 
In Fig. 5 the envelope of maximum rotation is derived from inter- 
secting temperature—rotation curves for wave-lengths lying between 
45300 and 2 4540 (approx.) (monoacetyl derivative) and for wave- 
lengths lying between A 5890 and 4 4665 (approx.) (diacetyl deriv- 
ative) and these wave-lengths indicate the movement of maxima 
in dispersion curves across the spectrum. An interesting observ- 
ation for these two closely related compounds is the fact that over 
the same range of wave-length (4 5300 to 4 4665) the increase of 
maximum rotation (5-75°) is, within experimental error, the same 
for both derivatives, the temperature range in the case of the 
monoacetyl derivative being 67° (84-2—17-5°), whilst that of the 
diacetyl compound is 49° (162-8—113-5°). It is difficult, however, 
to decide from the measurements and graphs the wave-length of 
maximum rotation for a particular temperature, and this is especially 
the case with methyl and ethyl tartrates, data for which are given 


below. 
Methyl Ethyl 
tartrate. tartrate. 

Temp. Max. rot., [a]. A. Temp. Max. rot., [a]. A. 
17-7° +2-36° 6590 0-8° + 531° 6150 
34-9 3°49 6330 14-4 7-19 5700 
59-8 4-75 6090 20-0 7°91 5590 
81-2 5-68 5910 40-0 10-41 5310 
95-3 6-21 5790 60-0 12-55 5090 

100-8 6-43 5750 80-0 14-72 4860 

124-9 7°22 5590 100-0 16-31 4710 

144-8 7°75 5500 120-0 17-81 4590 

162-1 8-15 5440 140-0 18-87 4490 


The curvature of the [«]-7' curves is concave, and of the [«]- 
curves convex towards the axis. Over the same range of wave- 
length, 2 6150—5440, the increase of maximum rotation in the 
case of methyl tartrate is 3-7°, and in the case of the ethyl ester 
38°; in the former case the temperature range is approximately 
109°, and in the latter 29-4°, which indicates the sensitiveness of 
the ethyl derivative to temperature change. 


Summary. 


1. The manner of intersection of dispersion curves is discussed. 

2. An envelope of maximum dispersion develops in certain 
tartrates and lactates, with increase of temperature, in the direction 
red -> blue, which indicates movement of maxima in temperature— 
rotation curves. 

3. Movement of maxima of positive rotation (temperature— 
rotation diagram) is in one direction only, provided the crossing 
of the axis, d«/d7’, is positive. A definite movement is of value in 
deciding configuration. It is necessary to know, in absence of 
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anomaly, the direction of crossing the axis and the possibility of 
intersection of the temperature-rotation curves in the positive 
region. ‘Two methods throw light on these points—effect of solvents, 
and extrapolation by means of a characteristic diagram. 

4. Presence and movement of negative minima is assumed to be 
a temperature relationship for enantiomorphs, and is of rarer 
occurrence than maxima of negative rotation. Utilisation for 
configuration purposes depends upon a consideration of the follow- 
ing points: (a) Movement of minima; (b) the sign of da/d7’ on 
crossing the axis; (c) no intersection of temperature—rotation 
curves in the negative region; (d) effect of solvents. 

5. The possibility of eight types of maxima and minima having 
temperature-rotation curves convex towards the axis is considered. 
6. Intersection of temperature-rotation curves takes place in a 


definite order and gives rise to an enveloping curve of maximum ; 
temperature rotation. 
UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, July 26th, 1927.] [a] O 
CCXXI.—A Study of the Anomalous Rotatory § _ 4: 
Dispersion of Configuratively Related Compounds. = 
By CuarLes Epmunp Woop and Sypnry Diecary NIcHOLAs. 
Ir has been indicated (this vol., p. 1671) that when anomalous § ,,) 0° 
rotatory dispersion is exhibited by d-tartaric acid and its derivatives, 
the anomaly always occurs in the positive region of rotation and 
crossing of the axis takes place in one way only (d«/da being positive). J 
A survey of the literature indicates that, when anomaly is realisable J ~~ 
for a compound of d-configuration, it is confined to the positive 
region of rotation, and for a compound of l-configuration to the 
negative region; the significance of anomaly, in this respect, has not Th 
hitherto been realised. The rule is that anomaly, when realisable, r; ih 
is an absolute guide to relative configuration. igur 
Clough (J., 1918, 113, 526) has studied the effect of certain Me 
halide salts on the optical rotatory powers of J-lactic acid, methyl § "*¥! 
l-lactate, d-glyceric acid, /-malic acid, methyl] /-malate, d-tartaric acid, conte 
and methyl d-tartrate; he also considered the influence of sub- 144). 
stituents on the rotatory power of these four acids. Clough assumes § ono. 
that “‘ the optical rotatory powers of similarly constituted compounds § = 2-5 
possessing the same configuration are in general influenced similarly§ 2-5 
by the same changes in the external conditions and also by thef ~° 
introduction of the same substituent into a given radical attached § p,,., , 


y “4 99 ‘ 
to the asymmetric carbon atom. oceurr: 
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Application of the Criteria of Anomaly to Organic Acids. 

Three of the acids, /-lactic, /-malic, and d-tartaric, or their simple 
esters, exhibit anomalous rotatory dispersion. 

Methyl 1-lactate in aqueous solution. The anomaly becomes more 
pronounced on dilution, it is confined to the positive region of 
rotation, and crossing of the axis occurs in one way only. 

[a}y’. [a}". [a]. 
+1:8° +1-8° —0-2° 


+1:3 +1-4 -0-5}(Clough, loc. cit?) 
+13 +1:4 0-9 


Fig. 1, 
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The anomaly of this ester for 5-36° concentration is shown in 
Figure 2, 

Methyl \-malate. The anomaly is well defined in benzene, toluene, 
m-xylene, p-xylene, mesitylene, etc., solution at different con- 
centrations (Grossmann and Landau, Z. physikal. Chem., 1910, 75, 
144). 

Cone. Solvent. Pr y. gr. l.bl. dk.bl. 

2-5 Benzene [a], —O-79° -—0-40° 0-00° 0-40° 0-79° 

2-5 Toluene fa], —1-17 —0-39 0-00 1:27 1-95 

2:5 m-Xylene [a], —1-69 —211 -—169 —127 —0-84 


Even a 5% solution of methyl /-malate in gylcerol shows the anomaly 
occurring in the negative region (Grossmann, Trans. Faraday Soc., 
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1914,10, 18). The rotatory dispersion of a 5% solution of the ester 
in toluene is given in Fig. 1. 


r. y: gr. 1.bl. dk.bl. vi. 
[a], —1-76° —0-78° 0-00° +0-78° +1-:37° + 1-95° 


Winther (Z. physikal. Chem., 1902, 41, 161) also showed that malic 
acid in aqueous solution was anomalous in the negative region. 

Methyl d-tartrate. In the homogeneous condition at the ordinary 
temperature (Lowry and Abram, J., 1915, 107, 1187) and at high 
temperatures (Wood and Nicholas, loc. cit.), in solution (Lowry and 
Abram, Joc. cit.), and in the form of derivatives in the homogeneous 
condition (Wood and Nicholas, loc. cit.), the ester retains its character- 
istic anomaly. The dispersion curve plotted from the data below 
is given in Fig. 1. 

A 6708 6563 6152 5893 5324 5086 4678 4359 
[a}i”” +2-32° +42-36° +2-19° +1-87° +0-34° —0-85° —4-10° —9-17° 


Whenever anomaly is exhibited by d-tartaric acid and its deriv- 
atives either in the homogeneous condition or in solution, the 
anomaly occurs in the positive region of rotation (for data on the 
tartrates, see Patterson, J., 1916, 109, 2, 1139, etc.; Lowry and 
Austin, Phil. Trans., 1921—22, A, 224, 249). 

Anomaly occurs for methyl J-lactate in the positive region, for 
methyl /-malate in the negative region, and for methyl d-tartrate in 
the positive region of rotation. Hence /-lactic acid is configuratively 
related to d-malic and d-tartaric acids and belongs to the “ d”’-series 
of «a-hydroxy-acids. There are no available dispersion data for 
application of the rule to glyceric acid and its esters (Frankland and 
McGregor, J., 1893, 63, 512). 

In a later paper, Clough (J., 1925, 127, 2808) discusses the relative 
configuration of hexahydromandelic acid; he assigns, on consider- 
ations of a similar nature to those given in his earlier paper, the 
l-acid to the “ d ”’-series. 

The following data (Wood and Comley, J., 1924, 125, 2631) show 
the anomaly of two normal esters : 


A + 6708 5893 5461 4359 
n-Octyl I-hexahydromandelate ... [a]}*"* +0-99° +0-53° —0-15° —2-35° 
n-Nony] d-hexahydromandelate ... faj"* —0-43° +0-02° +0-42° +2-42° 


Since the anomaly of n-octyl l-hexahydromandelate is in the positive 
region, the acid belongs to the “‘ d’’-series, whereas the anomaly of 
the n-nonyl d-hexahydromandelate assigns this acid to the “/”- 
series. The anomaly was realised in both cases at a high temper- 
ature. In Fig. 1, the anomaly of the n-nonyl ester is indicated. 
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ter This independent proof of the relative configuration of the enantio- 
morphs of hexahydromandelic acid is important. 
Comparison of the rotatory power of the amides and esters of 
5° l-mandelic acid and /-hexahydromandelic acid has enabled both 
Clough (loc. cit.) and Freudenberg (Ber., 1923, 56, 193), by reference 
alic § to the relative configuration of J-hexahydromandelic acid, to assign 
l-mandelic acid to the “‘ d’”’-series, and to show that Hudson’s rule, 
ary viz., that all hydroxy-acids which yield dextrorotatory amides and 
igh § hydrazides belong to the “ d”’-series (J. Amer. Chem. Soc., 1918, 40, 
and @ 813), requires modification. No derivatives of mandelic acid 
ous @ exhibiting anomaly have been studied, so far, by the authors. 
ter- Freudenberg (Freudenberg and Rhino, Ber., 1924, 57, 2, 1547, 
low @ etc.), on similar lines to Clough, bases his method for the determin- 
ation of relative configuration on the assumption that analogous 
59 compounds of like configuration undergo corresponding changes of 
.17° § rotatory power under similar conditions. The important feature 
of his method is the avoidance of factors (solvents, compounds with 
riv- § free hydroxyl, carboxyl, or amino-groups, etc.) which induce anomaly. 
the § Where the use of solvents cannot be avoided, extrapolation methods 
the § have to be resorted to in order to eliminate solvent effect. A modi- 
and § fication of the use of the one-term Drude equation is employed, 
whereby that part of the dispersion curve is chosen for comparison 
,for § which differs least from simplicity. Thus comparison of different 
ein § derivatives with one another is based on the values of Ky deduced 
vely § from the equation [M], = Ky/(%2 — 2) (Rupe and Ackermann, 
ries § Annalen, 1919, 420, 1). 
for This method, which attempts to eliminate conditions of anomaly 
and § and complexity, is in striking contrast with the rule stated, which 
requires only the dispersion curves showing visible anomaly. An 
tive | instance of anomaly from which the configuration could be inferred 
ider- § immediately is ethyl toluenesulphonyl-/-alanine, which is anomalous 
the J in the negative region (see Fig. 2) (Freudenberg, loc. cit.). 
Solvent. Conc. A= 6490 5780 5460 4440 
how Acetylene tetrachloride 19-62 a,” —0-33° —0-27° —0-17° +0-29° 
(0-5 dem.) 
359 Another example, methyl benzoyl-/-alanine, taken from the work 
35° T of Freudenberg is of importance, for it illustrates anomaly by 
42° Fs maximum in the negative region, but crossing of the axis does not 
itive @ occur : 
ly of Solvent. Cone. A= 6490 5780 5460 
"Bl Pyridine .......000000 48-5 a” —0-23° —0-33° —o-30° 
nper- (0-5 dem.) 
ated. As an additional example, Hewitt (Biochem. J., 1927, 21, 1, 216) 
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has shown that tyrosine in 20% hydrochloric acid is anomalous in 
the negative region : 

A= 6660 5780 5461 4359 

[a],” —7-2° — 9-3° —9-6° —7-8° 

In the case of ethyl monobenzoyltartrate (Wood and Nicholas, 
loc. cit.), anomaly of this type occurs at low temperatures, but at 
higher temperatures a point of inflexion only is realised in the dis- 
persion curve. From the varied examples quoted, it is clear 
that a maximum, a crossing of the axis, and a point of inflexion, 
which are indicative of anomaly (compare Lowry, J., 1915, 107, 
1195), together or separately, are sufficient criteria for determining 
the relative configuration of an asymmetric compound. The 
theoretical considerations which led to these conclusions are given in 
another paper. 

Karrer and Kaase (Helv. Chim. Acta, 1919, 2, 436), in studying 
certain reactions in the glutaric acid series with special reference to 
the measurement of the rotatory dispersion of the products obtained, 
suggest that the symbols d- and /- should be given to those compounds 
which tend to give positive and negative maxima respectively. This 
tendency refers to rotational values for short wave-length in the 
positive or negative region; /-malic acid is regarded as a d-acid, for 
its dispersion curve (compare Fig. 1, methyl /-malate) attains a 
positive rotational value or tends to a “ positive maximum ”’ in the 
blue region. This conclusion is erroneous. The rotations of 
l-aspartic acid and its ethyl ester tend to a “ positive maximum ” 
and the above authors suggest that the acid should be called a 
‘“‘d”’-acid, which is opposed to the expressed views of Clough that 
the naturally occurring «-amino-acids, e.g., l-aspartic acid, /-tyrosine, 
possess the configuration denoted by “1.” 


A= 6563 5493 5463 4990 4861 
l-Aspartic acid ... [a], —3-54° —2-48° —2-13° —1-18° — 
Ethyl /-aspartate... [a], +0-98 +1:73 -+ 2-25 --- -+ 3-38 


(Karrer and Kaase, loc. cit.) 


From the rotations given, anomaly is seen to occur in the negative 
region, and it is assumed that l-aspartic acid is configuratively 
related to /-tartaric acid. The ‘‘ maxima ”’ referred to above are, 
of course, not real maxima exhibited by anomalous dispersion curves, 
but simply denote ascent of the dispersion curves for short wave- 
lengths in (or to) the positive or the negative region. Since d-«-hydr- 
oxyglutaric acid, ethyl d-pyroglutamate, and d-butyrolactone-y 
carboxylic acid (compare Karrer and Kaase, loc. cit., for designation 
““q’’.) all exhibit anomaly in the negative region, they should be 
considered to be configuratively related to /-tartaric acid. 
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Configuratively Related Alcohols. 


The application of the rule to optically active alcohols is of 
interest. The authors regard the “d’’- and ‘‘1”’-methyl- and 
“d”. and “1” -ethyl-carbinols as two distinct series, quite as 
distinct as are the series of esters derived from “‘ d ’’- and “1 ”’-lactic 
[(CH,*CH(OH)-CO,H] and from ‘“‘d’’- and “/”’- «-hydroxybutyric 
[CH,°CH,*CH(OH)-CO,H] acids. For reasons discussed later the 
“d”.-and “1”. methyl series are represented by the space formule 
(I) and (II). 


CH, R CH, C,H; 
| | 
| | 
H—|—OH H——OH H—'—OH H—!—OH 
R CH, C,H, CH, 
“* d-Methyl ” ** 1-Methyl ” ** d”-Methy!l- “<1 *’-Methyl- 
series. series. ethylcarbinol. ethylearbinol. 
(I.) (II.) (IIT.) (IV.) 


The first member, dimethylcarbinol, is inactive. The second 
members are (III) and (IV). The members of the “ d-methyl” 
series are all dextrorotatory (Pickard and Kenyon, J., 1911, 99, 49) 
and therefore the members of the enantiomorphic series, viz., the 
“]-methyl ” series, are all levorotatory. 

The experimental grounds (effect of temperature is considered in 
another section) for this view are : 

(1) “‘d”’-Methylethylcarbinol has been proved to have the above 
space formula from its relationship to d-butane-«y-diol, which is 
configuratively related to d-lactic acid (Levene, Walti, and Haller, 
J. Biol. Chem., 1927, 71, 465) belonging to the “/”’-series of «-hydr- 
oxy-acids, and also to /-«-hydroxybutyric acid (Levene and Haller, 
ibid., 74, 343) belonging to the “‘ d’’-series of «-hydroxy-acids. This 
paradox will be discussed later. In the methyl series the alkyl 
radicals differ only in the length of the normal chains. The bottom 
radical for the “‘ d ’’-series being the longer, for d-methylethylearb- 
inol has been proved experimentally to be configuratively related to 
“d”’-a-hydroxybutyric acid, the replacement of the carboxyl group 
(top group) by the methyl] radical causes no change in configuration. 

(2) Certain esters of the higher d-alcohols exhibit visible anomaly 
in the positive region. Data for three typical esters are : 


Ester. Solvent. [a]p. fate. [a]vi.- 
1-8-Octyl n-nonoate Benzene +0-28° +0° ~~ 1-89° 
d-B-Octyl stearate Benzene +0-32° +0° —0-63° 


(Pickard and Kenyon, J., 1914, 105, 830.) 
d-8-Octyl succinate Ethyl] alcohol [a}® = +1°+77 [a}i* = +1-67 
[a]s = —0-29° 
(Hall, J., 1923, 128, 43.) 
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Further instances of the anomaly of these esters are: §-octyl, 
8-nonyl, $-decyl, @-undecyl, and £-tridecyl acetates, also 8-undecy] 
propionate (Pickard and Kenyon, loc. cit.). The dispersion curve 
for d-8-octyl stearate is given in Fig. 2. 

Similarly the ethy] series is formulated as in (V) and (VI). R can 


C,H 5 R C,H; C,H, 
H—|—OH H——OH HOH H——OH 
R CH, C,H, C,H; 
** d-Ethyl ” ** /-Ethyl ” “qd ”-Ethyl- “7. Ethyl- 
series. series. propylearbinol. propylcarbinol. 
(V.) (VI.) (VII.) (VIII.) 


be equal to or greater than, but never less than, C,H,, for if it were 
less the alcohol would, belong to the methyl series. The first member, 
diethylcarbinol, is inactive; the second members are (VII) and 
(VIII). The members of the “d-ethyl” series are all dextro- 
rotatory (Pickard and Kenyon, J., 1913, 103, 1923) and therefore 
the members of the enantiomorphic series, viz., the “‘ /-ethyl”’ series, 
are all levorotatory. 

The grounds for the above formulation are : 

(1) /-Methylethylcarbinol is a member of the “/ ’’-methy] series; 
d-ethylpropylcarbinol is a member of the “ d *’-ethyl series, and the 
relationship is as follows : 


CLH; C,H; C,H; 
H—|—OH H——OH HoH etc. 
CH, C,H; C,H, 
** 1 *’-Methylethyl- (Inactive.) “<q ”.Ethylpropyl- 
carbinol. carbinol. 
Rotation : Negative. Zero. Positive. 


This passage from the /-methylethylcarbinol (configuration “1 ”’) by 
increasing the bottom group through inactive diethylcarbinol to the 
dextrorotatory ethyl series involves a change of configuration, for 
the dextrorotatory members of the ethyl series are of “d ”’-con- 
figuration from the consideration of region of anomaly, temperature- 
rotation curves, molecular rotation, etc. Thus on experimental 
grounds in the “d’”’-alkyl series R is greater than R’; when R is 
equal to R’ asymmetry disappears, and when R is less than R’ the 
‘7 ’-enantiomorphs of the R series are obtained [see (IX)]. 

From the graphical (space model) conception the distinction 
between a ‘‘d”’- and ‘‘/”-configuration depends on the relative 
length of the normal chains represented by R and R’, two assumptions 
being possible for a “‘ d”’-configuration, namely R<R’ and R>B’. 
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If R is originally less than R’, then on increase of R the alcohol 
passes through zero rotation to an “/’’-configuration which is not in 
accordance with the ‘“‘d”’-configuration assigned to these alcohols 
on general grounds. 

(2) Two instances of anomaly with regard to the “ d ’’-ethyl series 
(Kenyon, J., 1914, 105, 2246, 2254) could be inferred from the 
tabulated data, but the facts that no mention of anomaly is given in 
the text and that these two cases do not appear to be in harmony with 
the rest of the data, point to their being typographical errors. From 
characteristic diagrams for certain of the esters, however, the region 
of anomaly is inferred to be in the positive region (compare diagram, 

R’ CH, R 


| | 
H—|—OH silt is oi ‘ta 
R R C,H; 
** d-Methyl ”’ series. ** d-Ethyl ” series. 
(IX.) (X.) (XI.) 
Kenyon, loc. cit., p. 2234); further, the temperature-rotation curves 
for certain of the d- and l-alcohols exhibit maxima and minima of 
positive and maxima and minima of negative rotation, respectively, 
the presence of which is confirmatory though not conclusive evidence 
for the configurations. 

(3) The rotation data are in accord with this classification. The 
first optically active member, ethylpropylcarbinol, has a rotation 
[a] = + 1-97°, and as the series is ascended the molecular rotation 
increases in a normal manner. Kenyon (J., 1914, 105, 2226) 
formulated the series as in (X) and (XI) and regarded dextrorotatory 
methylethylcarbinol as the first member of each series. According 
to his classification, this carbinol is the first member of the ethyl 
series (on our classification it is the first optically active member of the 
methyl series) and has rotation value [«]}” = -+- 13-87°, which is not 
in accordance with the rotational values of the “d-ethyl”’ series, 
the molecular rotation of which increases from zero rotation. 
Kenyon’s view also leads to difficulties in considering the acetates of 
the “‘ ethyl ” series of carbinols. Kenyon (Joc. cit., p. 2231, Fig. 2) 
finds that the acetate of y-butanol (dextrorotatory methylethy]l- 
carbinol) has a positive rotation. The acetate of diethylcarbinol is, 
of course, inactive, whereas the acetate of ethylpropylcarbinol is 
dextrorotatory. All the higher acetates of the series are of negative 
rotation, so there is an wnexplained second zero between the acetates 
of y-hexanol and y-heptanol. 

On the view put forward, no such irregularities occur, for (1) the 
acetate of methylethylcarbinol belongs to the methy] series, (2) the 
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first zero denotes the discontinuous transition from the “‘ methyl ” 
to the “‘ethyl”’ series, (3) the acetate of ethylpropylcarbinol is the 
first member of the “‘ ethyl” series, and (4) the second zero relates to 
the ethyl series only, the acetate of the first optically active member, 
ethylpropylcarbinol, being positive, and as the alkyl chain increases 
so the acetates pass normally from the positive to the negative region 
of rotation. 


CH, C,H, C,H, C,H; 
| | 
H-—OAc H——Odc H—\OAc H——Odc 
| | 
C,H, CH, C,H, C,H, 
Rotation: Positive. Zero. Positive. Negative. 
Configuration : ‘‘d” we. meer 


-” 


**d”’-ethyl series. 


Clough (P., 1913, 29, 357) represents the “d’”’-methyl and 
‘“d”’-ethyl series as in (XII) and (XITI) and considers that similarity 


CH, C,H; CH, C,H, 
H——OH H—|—OH H—|—OH H—|—OH 
R BR C,H; CH, 
(XII.) (XIII.) (XIV.) (XV.) 


in the sign of rotation accompanies similarity of configuration so 
long as R>CH, and R>C,H, for the two series respectively. 
When he considers the first optically active member of each series, 
viz., (XIV) and (XV), he arrives at the “‘ paradox that the simplest 
members of the two configuratively similar series are enantiomorphic 
forms of the same substance.” The issue has been confused by 
allowing R to have values not only equal to and greater than, but 
also less than, C,H,, viz., CH 3, and so erroneously /-methylethyl- 
carbinol is made a member of the ethyl series. 

The restricted definition of configuration as applied to the 
a-hydroxy-acids no longer serves when the alcohols are considered; 
methylethylearbinol is a compound of relative configuration “d” 
on comparison with ‘‘d’’-hydroxybutyric acid, but of relative 
configuration “‘/’”’ on comparison with “ J ”’-lactic acid. 


CH, CO,H CH, 
| 

(XVI) H——OH H——OH (XVI) H—|—OH (XVIII) 
CH, C,H, CO,H 


The configuration of a compound is regarded as ‘“‘ d ” or “1” when 
the electron frequencies of the four pairs of coupling electrons are 
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in the order of magnitude corresponding to a “ d”’- or “‘1”’-«-hydroxy- 
acid, the sign of the high-frequency term in the Drude equation 
being taken as a criterion of the order. In (XVII) and (XVIII) the 
frequencies will be in the reverse order. On the assumption that the 
frequencies corresponding to the linkages decrease in the order 
C-H>C-OH>C-CO,H >C-CH,>C-C,H;, (XVI) will have the 
same order as (XVII) but the reverse of (XVIII); accordingly the 
configuration of (XVI) is “d.’’ Certain derivatives of higher 
members of the series (XVI) show anomaly in the positive region, 
i.e., the high-frequency term is positive. 

Configuration as at present defined has no meaning outside the 
series of related compounds to which it is applied. The above 
extension applies to all series, and accordingly all series are 
designated as “‘d”’- or “‘1”’-series. This designation not only implies 
the same order of frequencies but also a corresponding similarity of 
shape (compare Thomson, Phil. Mag. 1920, 40,713), i.e., the geomet- 
rical distribution of the groups in space.* 

In the «-hydroxy-acids, two methods of determining relative 
configuration have been employed : (1) Proof of the correspondence 
of the three groups by processes of synthesis and degradation; 
(2) deductions from factors influencing optical rotatory powers. 
Only in those cases where the former has been adopted and in which 
no Walden change has been involved can the space formula be 
regarded as absolutely proved. The latter method is open to 
criticism, yet space formule are in all probability assigned correctly, 
for the electron frequencies of the linkages C-H, C-OH, C-CO,H are 
very likely far removed from the normal, and so the order of the 
frequencies is not altered by substitution of a group R (higher alkyl, 
CH,°CO,H, cyclohexyl, phenyl, etc.) for CH, in lactic acid. Stated in 
another way, the fourth group R modifies but does not change the 
shape typical of “d”’- or “1 ”-compounds. 

The case is quite different when we replace the carboxyl group in 
“d”-lactic acid by the ethyl group and pass to the alcohols. The 
grouping (XIX) of the methyl series does not possess the character- 
istic of resisting change of configuration by a fourth group R. The 
“1 ’-alcohol (XX) has the geometrical asymmetry of the ‘‘1’’-series. 


C,H, C,H, COOH 


(XIX.) H--0n a (XX.) H—|—OH (XX1) 


* Neither the electrons nor the atomic groups are regarded as situated at 
the corners of a regular tetrahedron (compare Lindman, Ann. Physik, 1924, 
74, 6, 541, ete.). 

3L 
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On replacement of the methyl group first by C,H, and then by C,H,, 
the alcohol passes through the regular tetrahedron to the geometrical 
asymmetry of the “ d ’’-series. 

Zero rotation for all wave-lengths due to passage of the shape 
through the regular tetrahedron to the enantiomorph is quite 
distinct from zero rotation for one particular wave-length; for 
passage through anomaly involves modification but not change in 
the typical shape. Although anomaly indicates when compounds 
have a similarity of geometrical asymmetry, yet the assignment of 
space formule, even when compounds with the linkages C—H and 
C—OH in common are being considered, requires a knowledge of the 
order of the frequencies of the four groups involved (that is, the order 
of the deflexion of the groups), i.e., a knowledge as to which of the 
groupings in the derived compound deflect similarly to those in the 
original compound. 

The synthetical work of Levene and Haller (loc. cit.) has been taken 
as the decisive factor in assigning space formule to the “ d ”’-methyl 
and ‘“‘d’’-ethyl series of carbinols which may be considered as 
derived from the acids (X XI)—the “ d ”’-methyl series by replace- 
ment of carboxyl by methyl, provided C,H2n+1>CHs; similarly, 
the “‘d”’-ethyl series, provided C,H2n+1>C,H;. 


Influence of Radicals and Temperature. 


Consider ‘“‘d’’-lactic and ‘“‘d’”’-x-hydroxybutyric acids, the 
esters of which form two distinct homologous series which are 
structurally related. If we select a corresponding ester, viz., the 
R ester from each series, these two esters are also members of an 
homologous series of ‘‘ d ’’-«-hydroxy-esters, the first two members 
being CH,-CH(OH)-CO,R and C,H,;*CH(OH)-CO,R. 

Removal from the region of possible anomaly proceeds by 
increase of the n-alkyl chain of the ester grouping in the esters of 
*d’’-lactic acid, this removal being indicated by the approach to 
and formation of maxima in the temperature-rotation curves of 


the esters.* 
Increase of the alkyl group attached to the asymmetric carbon 


* A point of further importance is that the maximum rotation for a definite 
wave-length is at a lower temperature for the octyl than for the butyl ester. 
A more recent determination of the maxima for n-octyl l-lactate has been 
made with the following results (compare Wood, Such, and Scarf, J., 1923, 


123, 600) : 
Maxima occur at 103—105° for 6708 
108° ,, 6563 
118—115° ,, 6438 
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atom decreases the rotation and brings a particular ester nearer tu 
the anomalous region : 
Ethyl hydroxybutyrate [a]! +1-9° (Guye and Jordan, loc. cit.) 
we MS [a}®" —3-83° (Levene and Haller, J. Biol. Chem., 
1927, '74, 343.) 

» lactate [a}j>* +8-64° 

In the case of the carbinols, a particular alcohol is a member of a 
series of structurally related alcohols, besides being a member of 
the “‘d”’-methyl, “‘d”-ethyl series, etc. In this series R is the 
constant group and R’ the changing alkyl group. Increase of 
R’ ultimately brings the carbinol to the axis : 

Methylpropylearbinol [a]? +13-70° (Pickard and Kenyon, loc. cit.) 
Ethylpropylearbinol ao. 197° 

(The third member being inactive, further increase of R’ would 
give the first optically active member of the “1 ”’-propy] series.) 

Thus a transition from the positive to the negative region takes 
place with change of configuration, the middle member, which 
separates the “d’’- from the “/”’-series, being inactive. They 
form a simple series of optically active compounds restricted with 
respect to the “ d’’-compounds to the positive region, which is not the 
case with the hydroxy-acids, where the upper and lower groupings 
never become identical. Passage into the negative region may be 
attained by acylation of the hydroxyl group or acylation and 
subsequent solution, but this depression of the rotation of the 
asymmetric carbon atom, forced, as it were, to give negative 
rotations, results generally in an ill-defined anomaly, or the derivative 
is situated in a particular part of the negative region where anomaly 
cannot be attained in the visible region either by change of temper- 
ature or by solution. 

The following points are of interest with respect to the increase of 
the alkyl group R in the “d”’-ethyl series, positive numerical values 
of the molecular rotation being considered (Pickard and Kenyon, 
J., 1913, 103, 1934): (a) The rotation increases with increasing 
temperature for the propyl and butyl members; (6) the amyl, 
hexyl, and heptyl members exhibit maxima in their temperature— 
rotation curves, the maxima for a particular wave-length moving to 
a lower temperature with increase of the alkyl chain, the octyl member, 
though showing maxima, being exceptional [compare the movements 
of maxima with increase of the alkyl grouping in the tartrates, 
certain of the members being exceptional (Patterson, J., 1913, 103, 
173; 1904, 85, 765; Frankland and Garner, J., 1919, 115, 643)]; 
(c) the nonyl, decyl, and undecyl members exhibit minima, the 

3 L* 
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minima moving to a higher temperature and higher rotation with 
increase of the alkyl chain, the dodecyl member being exceptional 
[compare the movement of minima for members of the “ d ’’-methyl 
series (Pickard and Kenyon, J., 1912, 104, 626)]; (d) the rotatory 
powers of the tridecyl and pentadecyl members decrease with 
temperature as far as they have been investigated. From these 
considerations it is assumed that increase of R removes the alcohol 
in a direction away from the approach to the zero axis, certain 
members being exceptional. Just as minima are displaced to a 
higher temperature, so maxima are displaced to the lower 
temperature. 

Increase of the R’ group has in general the reverse effect. Methyl. 
amylearbinol exhibits minima (temperature-rotation curves), and 
ethylamylcarbinol maxima, minima being more removed, relatively, 
from the approach to a zero axis than maxima. The temperature- 
rotation curves for methylpropylearbinol decrease with temperature ; 
those for ethylpropylearbinol increase with temperature, and it is 
assumed from analogy with the tartrates that the former are situ- 
ated with reference to the approach to the zero axis, on a more 
remote, and the latter on the nearer part of a maximum rotation 
surface. Consideration of the data given by Pickard and Kenyon 
(J., 1911, 99, 45; 1913, 103, 1934; 1912, 101, 620) shows that 
increase of R’ from the methyl to the ethyl grouping causes the 
minima to move to a lower temperature : 


‘Temp. of minimum rotation for [a]p. 


Methyl-n-nonylearbinol ............ 178° (about) (calculated by authors). 
Ethyl- Ba ae) RFA ALLE Soaore 100—120° (Pickard and Kenyon). 
Methyl-n-decylearbinol ............ 169° (about) (calculated by authors). 
Ethyl- A rer: 120—140° (Pickard and Kenyon). 
Methyl-n-undecylearbinol ......... 189° (about) (calculated by authors). 
Ethyl- ae Nase ieoun 140—160° (Pickard and Kenyon). 


In the above the temperature—rotation—wave-length surface for 
each individual member is compared, and the relative displacements 
of the surfaces, although discontinuous with each other, are 
considered. 

l-x-Naphthylmethylcarbinol and d-«-naphthyl-n-hexylcarbinol are 
anomalous in the negative and positive regions respectively, and are 
considered to be of “1”’- and “d”’-configurations respectively : 


[MJM*x.. Temp. of maximum. [M]}\", 

Naphthylmethylearbinol* ......... 67-50° 140° 21-19° 

a-Naphthyl-n-hexylearbinol ...... 106-8° 180° 27-24° 
(Pickard and Kenyon, J., 1914, 105, 1115; Kenyon and Pickard, 1914, 105, 


2644.) 
* Comparable numerical values for [M]p. 
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Increase of the alkyl chain results in (a) an increased rotation at 
the maximum, (b) movement of the maximum for a particular wave- 
length to a higher temperature, and (c) passage across the zero axis 
into the negative region. 

The cases of phenyl-methyl- and -ethyl-carbinols are particularly 
interesting : 

[M]Mex.. Temp.of maximum. [M]»". [ My}. 
Phenylmethylearbinol — — 50-94° 46-98° 
Phenylethylearbinol* 48-28° 120° 35-17° 46-74° 
(Pickard and Kenyon, loc. cit.) 


* Comparable molecular numerical values. 


Neither of these alcohols shows visible anomaly. Phenylmethyl- 
carbinol does not exhibit maxima in its temperature—rotation curves 
—its rotation continually decreases with temperature. Since the 
molecular rotation change from 20° to 40° is 0-3°, and that from 
120° to 140° is 0-98°, it is inferred that the alcohol is tending to 
maximum rotation at low temperature and, in addition, that increase 
of the methyl to the ethyl group has brought the maximum into the 
visible region, viz., to a higher temperature. Increase of the alkyl 
group results in (a) a decreased rotation at the lower temperature, 
(6) the realisation of a part of a surface of maximum positive 
rotation (for the compound of “ d’’-configuration). From analogy 
with the naphthylcarbinols, the region of possible anomaly is to the 
left (temperature—rotation diagram), and this deduction is supported 
by (c) complexity of character. Phenylmethylearbinol is simple 
and phenylethylearbinol complex below 40° (approx.) (Pickard and 
Kenyon, loc. cit.) (Characteristic diagram— intersection of violet and 
green lines in positive region.) 

It is assumed from these considerations that both the dextro- 
rotatory alcohols are of “‘ d ’’-configuration, and that the movement 
of the maxima is due to the change in the alkyl group. Absolute 
proof and unassailable evidence would be given by the higher 
alcohols of this series. 

The data at present available are not sufficient to make a decision 
with respect to space formule. 

For simplicity of treatment only four cases of series movements 
of maxima and minima, two for each, for a particular wave-length 
have been considered ; the discussion of other possible cases has been 
deferred. In all the cases here discussed, the anomalous region is 
towards the left (compare treatment of movement of maxima and 
minima, this vol., p. 1696). 

A survey of the isopropyl series (Pickard and Kenyon, J., 1912, 
101, p. 623, diagram) indicates an increase of specific rotation as 
the methyl increases to the butyl grouping; thereafter, as the alkyl 
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group increases, a decrease of rotation is noted, with rather better 
definition of maxima in temperature-rotation curves. The maxima 
are considered to be moving to the higher temperature with increase 
of the alkyl chain; further, the curves appear to be approaching to 
minima on the right, and the approach to the anomalous region is 
considered then to be to the left. If these points are conceded, it 
follows from analogy with other carbinols that these carbinols also 
are of “ d ”’-configuration. 

In conclusion, as an application of the fundamental criterion, the 
configuration, “‘d” and ‘‘]”’ respectively, of the following alcohols 
is inferred from the anomalous dispersion of derivatives. 


[a]p. [a]se.. [a]gr.. [a]}vi.. 
d-Benzylmethylearbiny] stearate ... +0°54° +0-31° +0-23° —1-31° 
(approx. 5% CS, solution) 
[a]p- [a]gr.- [a]vi.» 
Sodium 1-ac-tetrahydronaphthyl phthalate —1-24° —1-02° +1-10° 
(H,0 solution) 
(Kenyon and Pickard, J., 1914, 105, 2262, 2677.) 


A Case involving Asymmetric Nitrogen.—Nicotine is levorotatory 
and its salts are dextrorotatory. Lowry and Singh (Compt. rend., 
1925, 181, 909) have shown that the alkaloid in the homogeneous 
condition at 20° exhibits simple rotatory dispersion in the negative 
region. Gennari (Z. physikal. Chem., 1896, 19, 130) observed that an 
equimolecular mixture of nicotine and glacial acetic acid, within 
certain limits of dilution with water, exhibits anomaly in the positive 
region (d«/d positive). Nicotine salts are therefore assumed to be 
of relative configuration “‘ d.” 

The rotation of the base is due to the asymmetry of the «-pyrrol- 
idine carbon atom; in the salts, however, a new centre, the asym- 
metric pyrrolidine nitrogen atom, is involved (Lowry, Chem. and 
Ind., 1927, 46, 102). No decision as to the configuration of the free 
base is at present possible, for the respective configurations and 
dominance of the two centres are unknown. 

Patterson and Fulton (J., 1925, 127, 2435) have shown that the 
rational zero (for nicotine and its sulphate) is + 3°, and if this 
rotation could be realised for the green rays, the rotatory dispersion 
would be visibly anomalous in the positive region. But a deduction 
as to the relative configuration of the free base from the data given 
would require careful consideration of the occurrence and movement 
of maxima in the negative region in the temperature-rotation curves 
for the homogeneous base at high temperature, and similarly for the 
base in inert solvents, and also the construction of separate character- 
istic diagrams, as well as a composite one. 

The fact that nicotine sulphate and nicotine in various solvents 
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fit on the same characteristic diagram, suggests that the «-pyrrol- 
idine carbon atom is of relative configuration “ d.”’ 


Summary. 


(1) Anomalous rotatory dispersion is a trustworthy criterion for 
determining relative configuration. 

(2) The configurations of /-lactic, /-malic, d-hexahydromandelic, 
and d-tartaric acids, as shown by their anomalies, are “d,” “1,” 
“1,” and “d” respectively, which is in agreement with the configur- 
ations assigned to these acids by other workers. 

(3) The non-empirical nature of this criterion is illustrated by 
(a) l-alanine, l-tyrosine, and l-aspartic acid, which are configuratively 
related to l-tartaric acid, and (6) certain series of alcohols. 

(4) The distinction between “d”- and “‘/”’’-alcohols containing 
normal straight chains depends only on their relative lengths, since 
all other factors are eliminated. 

(5) Movement of maxima and minima for a particular wave- 
length in an homologous series of configuratively related compounds 
has been discussed. 

(6) Series of alcohols have been considered with respect to: 
(a) Configuration; (6) rotation change with temperature for each 
individual member, particularly with regard to the region of approach 
of temperature-rotation curves to the zero axis and to a zero 
rotation—temperature-wave-length plane; (c) movements of 
maxima and minima as the series is ascended. A series, none of the 
members (or derivatives) of which exhibits anomaly, is then con- 
sidered with respect to (i) temperature—rotation curves and (ii) move- 
ments of maxima and minima, as the series is ascended. From 
analogy, conclusions are drawn as to configuration relationship. 

(7) The configuration of nicotine and its salts is considered. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, July 26th, 1927.] 


CCX XII.—The Rotatory Dispersion of Optically Active 
Co-ordination Compounds. 


By CHarLEs EpmMuND Woop and SypNEy Diccary NICHOLAS. 


TuE principle relating to anomalous rotatory dispersion in co- 
ordination compounds is not only of interest as showing its general 
applicability but is also of importance in a field where opposing 
views are held regarding configuration relationships. Further, it 
is the application of “ propriétés physiques,” to which Pasteur 
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refers (“ Lecons sur la dissymétrie moléculaire,” 1860) when he 
states “ dont l’une est limage de l’autre en ce qui concerne toutes 
les propriétés physiques qui dépendent de ce groupement stéréo- 
métrique.” 

Pasteur, regarding especially the physical property of crystalline 
shape, postulated that an asymmetric molecule will produce enantio- 
morphous crystals, and Jaeger, in the course of his crystallographic 
investigations of this principle, determined the dispersion of certain 
complex salts for different concentrations (Proc. K. Akad. Wetensch. 
Amsterdam, 1915, 17, 1217; 1915, 18, 49; 1917, 20, 244, 263; 
1918, 21, 203, etc.; Bull. Soc. chim., 1923, 33, 853; Rec. trav. 
chim., 1920, 38, 171). 

General Occurrence of Anomaly.—In the case of dextrorotatory * 
potassium cobaltioxalate, the rotation increases rapidly at first as 
the wave-length attains a maximum at 6000, rapidly decreases, 
becomes zero at 2 6260, reaches a maximum negative value at 
2 6400, and then the curve ascends to the zero axis. The two 
maxima denote passage through an active absorption band, and 
although crossing of the axis to the right of the band does not 
occur, yet the data suggest that crossing, if it had been realised, 
would have made d«/da positive. 

In the case of dextrorotatory potassium chromioxalate, actual 
crossing takes place. The curve is similar in type to that described 
above. A broad absorption band (A 5200—6000) is present, giving 
rise to true anomaly; further, crossing of the zero axis from the 
negative to the positive region of rotation was realised at about 
2 6360. This anomaly, as distinct from true anomaly, indicates 
definitely that the compound is configuratively related to “d”- 
tartaric acid. 

An interesting example of a compound of relative configuration 
denoted by the symbol “/” is dextrorotatory potassium rhodi- 
oxalate. The dispersion curve investigated lies between wave- 
lengths 2 4860 and 7000, crossing the axis at 5970 from the positive 
to the negative region of rotation (d«/ddx negative), and for this 
wave-length there is no absorption band. 

The dispersion curve for dextrorotatory potassium irido-oxalate 
has been investigated between 4 4790 and 6800 and lies wholly in 
the positive region. The dispersion is normal for longer wave- 
lengths, but as the wave-length decreases, inflexion develops, the 
curve tending to reach a maximum and to become parallel to the 
zero axis below 4 5100. The parallelism is due to an absorption 
band. Bruhat (Bull. Soc. chim., 1915, 17, 226) has investigated 
this region and finds that the maximum is due to true anomalous 


* Actually the dispersion of the levorotatory salt was investigated. 
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rotatory dispersion, for it is accompanied by circular dichroism ; 
he has measured both the ellipticities and the rotation. There is 
complete analogy, therefore, in this respect between asymmetric 
iridium and asymmetric carbon (compare Cotton, Ann. Chim. 
Phys., 1896, 8, 347). The portion of the curve between A 5420 
and 6800 is approximately parallel to that for the rhodium com- 
pound, the main difference being the proximity of the absorption 
band in the visible region. The dispersion curve has been dis- 
placed as a whole to a greater wave-length. This disposition of the 
curve suggests that the crossing of the axis is removed into the 
red end of the spectrum. If this is the case, the relative con- 
figuration is “1.” 

This independent decision that the dextrorotatory cobalt and 
chromium salts are of ‘‘d” configuration is in accordance with 
both Werner’s and Jaeger’s conclusions. The view that the dextro- 
rotatory rhodium and iridium compounds are of “/”’ configuration, 
though in harmony with Werner’s view, is opposed to Jaeger’s. 

Opposing Views on Relative Configuration.—Werner (Ber., 1912, 
45, 1228; Bull. Soc. chim., 1912, 14, 1) considered that those 
asymmetric isomerides having corresponding relative configur- 
ations gave the more sparingly soluble salts with the same active 
acid or base but did not necessarily give rotatory power of the 
same sign; for instance, the isomerides set free from the sparingly 
soluble triethylenediamine-chromium and -cobalt salts were dextro- 
rotatory and configuratively related to the corresponding sparingly 
soluble rhodium salt, which was levorotatory. Werner founded 
this law, which involves sign of rotation, relative configuration, and 
analogous solubility relationships, on the following facts : 

(1) Compounds of opposite rotatory power were obtained by 
chemical reactions which are not accompanied by a change of 
configuration of the complex grouping (Co eng). 

(2) Both the dextrorotatory chloronitrocobaltic and the levo- 
rotatory chloroisothiocyanatocobaltic series gave salts with d-bromo- 
camphorsulphonic acid which were much less soluble than the 
corresponding salts with the /-acid. By the action of potassium 
thiocyanate on the chloride of the former, and of sodium nitrite 
on the chloride of the latter, the same dextrorotatory nitroiso- 
thiocyanatocobaltic chloride is obtained. 

(3) The levorotatory tetraethylenediamine-u-aminoperoxodi- 
cobaltic series is transformed by the action of nitrous acid into the 
dextrorotatory tetraethylenediamine-u-aminonitrodicobaltic series,” 
and both series give difficultly soluble d-bromocamphorsulphonates. 
Such transformations as the above led to no inconsistencies, thus 
making unlikely a Walden inversion. Further, d-cobalt-, d-chrom- 
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ium-, and /-rhodium-triethylenediamine salts are configuratively 
related. Werner considered that the sign of the rotatory power 
depends on (a) the nature of the central atom, and (b) the radicals 
which occupy the other two co-ordination positions. 

Jaeger opposes Werner’s conclusions on the following grounds. 
(1) In the analogous optically active complex salts of cobalt and 
rhodium the two metals will replace each other isomorphously. 
(2) The less soluble chloride-d-tartrates of triethylenediamine- 
_ cobalt and -rhodium possess different crystalline forms, the former 
having a triclinicpedial symmetry and crystallising with 5 mols. 
of water, whereas the latter has a monoclinic and perhaps sphen- 
oidical symmetry and crystallises with 4 mols. of water. This 
absence of isomorphism of cobalt and rhodium in analogous com- 
bination led to the deduction that they are not of the same but of 
opposite relative configuration. The triethylenediaminerhodium 
iodide set free from this chloride-d-tartrate, together with all salts 
derived from it, is levorotatory, the corresponding cobalt salts 
being dextrorotatory, so that rotatory power of opposite sign 
accompanies opposite relative configuration. 

Jaeger regards the replacing of the central cobalt by a rhodium 
atom as manifesting itself only by a difference in magnitude, but 
not in sign, of the rotation; and he further regards the radicals, 
basic or acidic, arranged unsymmetrically around the central 
metallic atom and the specific asymmetry of the arrangement as 
determining in the first instance the sign of the rotation. 

The dispersion curves of the dextrorotatory triethylenediamine 
salts of cobalt and chromium are analogous and do not resemble 
those for the corresponding salts of rhodium. The chief point of 
interest is that the former are normal; the curve for triethylene- 
diaminechromium iodide runs almost parallel to that for the corre- 
sponding cobalt salt, but, unlike the latter, it exhibits a point of 
inflexion. The dispersion curves for triethylenediaminerhodium 
iodide, bromide, and nitrate are remarkable: for a particular 
wave-length, increase of rotatory power is in the order given; for 
longer wave-lengths, the curves are practically parallel; for shorter 
wave-lengths, the curve for the bromide diverges from that of the 
nitrate and converges on that of the iodide. They all show inflexion 
and maxima or approach to maxima; for instance, the dispersion 
curve for the iodide ascends to a maximum, becomes almost parallel 

to the zero axis between A 4420 and 4010, and thereafter from 
“A 4010 to 3700 (measurements uncertain) the rotatory power 
decreases. 

In the literature there is no mention of the maxima being due to 
true anomaly. The order of the absorption bands is to a shorter 
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wave-length in passing from cobalt through chromium* to 
rhodium. 

The published data, which are not conclusive, appear to indicate 
that (1) both the cobalt and the chromium salts are passing to 
an active absorption band in the positive region, where they will 
exhibit true anomaly, and (2) the rhodium salts exhibit anomaly 
in the positive region, the active absorption band being therefore 
in the negative region. Assuming these points and Werner’s law, 
we may draw up the following scheme : 


Less soluble compound. 
Sign of Relative configuration (General type : 
Series. rotation. deduced from dispersion. ** 7 *’-complex d-acid.) 


Co en, Dextro of Chloride-d-tartrate. 
Cr eng Dextro cs es d-Camphornitronate.* 
Rh eng Levo er Chloride-d-tartrate. 


* The same optically active acid was not employed in this case as resolving 
agent. Werner (loc. cit.) considers the above series to be configuratively 
related, 


The dispersion diagram would now be a comparative series of 
curves (those for cobalt and chromium situated in the positive 
region, that for rhodium in the negative region), passing and, in 
the case of rhodium, about to pass to an active absorption band in 
the positive region. 

A further important point noted by Jaeger is that the crystals 
of the optically active triethylenediamine-cobalt and -rhodium 
nitrates, which in solution have the opposite sign of rotation, 
exhibit sphenoids of the same algebraic sign, viz., the dextrorotatory 
cobalt salt (relative configuration “‘/”. by the argument above) 
exhibits a right-handed sphenoid (-+-) and the levorotatory rhodium 
nitrate (‘‘ 7”) also shows the right-handed form. 


Confirmatory Evidence of the Complex Oxalates and Malonates. 


If it be conceded that the dispersion curve for dextrorotatory 
potassium cobaltioxalate is altogether analogous to the similar 
dispersion curve for dextrorotatory potassium chromioxalate, and 
that the dispersion curve for dextrorotatory potassium irido- 
oxalate is altogether analogous to that for dextrorotatory potassium 
rhodi-oxalate, then the following interesting correlation is possible. 
(It should be noted that the order of the absorption bands is to a 
shorter wave-length on passing from cobalt through chromium 
and iridium to rhodium.) 


* Inflexion mentioned above indicates approach to a maximum (anomaly 
or true anomaly). 
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“ Sign ” of Relative 
Optically active rotation of configuration 
potassium complex deduced from 
salt. Dispersion. salt. dispersion. 
Cobaiti oxalate.* True anomaly. Levo ‘J’ Give less soluble 
Chromi oxalate.* True anomaly and Levo “il” strychnine com- 
anomaly (in negative | pounds of the 
region). \ general type 
Iridio oxalate. True anomaly. Dextro “1” | l-strychnine + 
Rhodi oxalate. Anomaly (in negative Dextro “1”) ‘‘l” complex. 
region). 


* The levorotatory compounds are considered for simplicity of treatment. 


A point of further importance with regard to the enantiomorphism 
of the crystalline forms, which has been noted by Jaeger, is that 
levorotatory potassium cobaltioxalate exhibits a right-handed 
trigonal bipyramid, whereas dextrorotatory potassium _irido- 
oxalate and dextrorotatory potassium rhodioxalate similarly 
exhibit a right-handed trigonal bipyramid. All three complex 
salts exhibit hemihedral forms of the same algebraic sign (++). 

The dispersion data indicate that the relative configuration of 
the complex salts of cobalt, chromium, iridium, and rhodium may 
be denoted by the symbol “/,”’ which is in accordance with Werner's 
law but opposed to Jaeger’s conclusions. 

The dispersion diagram * for these compounds of the same 
configuration is of considerable interest: with the movement of 
the absorption band into the violet, that part of the dispersion 
curve to the right of the band increases over a greater range of 
wave-length into the visible spectrum. The curves (direction, red 
to blue) all ascend to absorption bands in the positive region. 
From the diagram, which consists of a series of dispersion curves 
of a truly comparative series of active co-ordination compounds, 
one can realise the specific influence of the central atom on the 
dispersion, and further, the relationship of corresponding absorption 
bands to, and influence on, the dispersion. Comparison of this 
diagram with the dispersion diagram for the comparative series of 
complex triethylenediamine salts, as tabulated in the previous 
section, brings out the influence of the substituents and the com- 
parative asymmetry of the molecule, just as in the case of the 
carbon compounds two series of the same relative configuration 
can be compared. 

Cinchonine /-rhodimalonate is the less soluble salt and the 
isolated levorotatory potassium rhodimalonate exhibits a maximum 
dispersion at 4 5800 in the negative region, at which wave-length 
there is no absorption band; accordingly the compound is assumed 
to be of relative configuration “Jl.” The substitution of three 
oxalyl for the malonyl radicals round the central atom results in a 
diminution of rotation in the region of anomaly, and actual crossing 

* This can be constructed approximately from data given. 
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of the zero axis is realised for the complex oxalate. Although the 
alkaloids used in the resolutions were different in the two cases of 
the isolation of the optically active complex malonate and of the 
oxalate, yet the isolated salts from the less soluble compound have 
the same relative configuration “J.’’ Data given for potassium 
malonochromate are in full agreement : salt obtained, /-strychnine 
malonochromate-acid; dispersion, analogous to that of the corre- 
sponding complex oxalate; configuration, deduced from the dis- 
persion, “J.” The strychnine /-salt is anomalous in the negative 
region, but no conclusion can be drawn from this fact as to the 
configuration of the chromium complex. In the complex malonates, 
as in the other cases considered, the absorption band has moved 
to a shorter wave-length in passing from chromium to rhodium. 

The researches of Jaeger and his collaborators have been of 
fundamental importance in deciding the relative configuration of 
co-ordination compounds. 


Anomalous Rotatory Dispersion with Circular Dichroism. 


Longchambon (Compt. rend., 1924, 178, 1828) has compared the 
rotatory dispersion of dextrorotatory potassium rhodioxalate in 
solution and in the crystalline state. The curves are similar, 
visual anomaly being shown in both cases by crossing of the zero 
axis and by maxima (for « and pe) in the negative region. Crossing 
of the axis, however, has been displaced to a shorter wave-length 
(4 5190) in the crystalline state. Longchambon considers that the . 
rotatory dispersion in both cases may be represented by a two- 
term Bruhat equation, one term, the dispersion constant of which 
is negative, representing the anomalous rotatory dispersion at an 
absorption band near or in the visible region, and the second term, 
a low-frequency term, the dispersion constant of which is positive, 
representing the normal rotatory dispersion proceeding to a band 
in the near ultra-violet. 

The rotatory dispersion of the co-ordination compound is analogous 
to that exhibited by 1 : 2-dipheny]-3-/-bornyl-imidoxanthide [/-bornyl 
N-thiobenzoyl-N-phenylthioncarbamate] (Tschugaev, Ber., 1909, 
42, 2244; Z. physikal. Chem., 1910, 74, 503; Ann. Chim. Phys., 
1911, 22, 137) and has been investigated quantitatively by Bruhat 
(Ann. Physique, 1915, 22, 237). The measurements obtained are 
in agreement with a three-term equation 


D(a? — 2? A B 
ee shen « SY + 3 
(22 aK Ao”)? of. T1232 (22 =a A,) 2 
True Anomaly Term. Low- High- 


Frequency Frequency 
T'erm. Term. 
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The first term represents anomaly due to the absorption band in 
the green (A 5240); D, 7’, and 4) were determined from the curve 
of circular dichroism, D being negative. A is positive; the second 
term represents normal positive rotatory dispersion exhibited in 
the visible region on proceeding to the band 2, 3520 on the longer 
wave-length side of the band. 

Bruhat found that, in order to obtain agreement between observed 
and calculated values, it was necessary to introduce the third (high- 
frequency) term, the constant B being negative. This term repre- 
sents visible normal negative rotatory dispersion on proceeding to 
a band in the remote inaccessible ultra-violet region. 2, was 
deduced from the dispersion of the refractive index, A and B from 
rotatory dispersion. 

This quantitative expression, involving data given by circular 
dichroism, variation of refractive index, and rotatory dispersion, is 
significant. The results indicate that (a) crossing of the axis is 
accompanied by circular dichroism; (b) the high-frequency term is 
negative, indicating a compound of relative configuration ‘‘/,” 
which is in agreement with the mode of crossing the axis (d«/d 
negative); (c) crossing of the axis is on the longer wave-length 
side of the band and not at the band; (d) the rotatory dispersion 
does not proceed to + « at the band; (e) the case is not analogous 
to the rotatory dispersion of tartaric acid, of which the anomaly is 
not accompanied by circular dichroism (Bruhat, loc. cit.) and 
_is represented as the sum of two simple partial rotations, the 
characteristic frequencies being both in the ultra-violet; (f) the 
rotatory dispersion of the /-bornyl derivative can be referred to 
the superposition of three partial rotations: one represents true 
anomaly at the absorption band in the visible region, the other 
two are simple partial rotations, the characteristic frequencies of 
both being in the ultra-violet, and are characteristic of anomalous 
and potentially anomalous optically active, transparent compounds. 

The phenomena exhibited by this compound appear to be similar 
in general character to those exhibited by methyl and ethyl d-borny] 
xanthogenide and /-borny! dixanthogenide (Tschugaev, loc. cit.; 
compare also derivatives of fenchyl alcohol). The compounds 
follow the rule with regard to the occurrence of anomalous rotatory 
dispersion and the relative configuration ; for instance, the rotatory 
dispersion curve for the transparent /-menthyl ester of triphenyl- 
acetic acid exhibits a maximum in the negative region, that for 
l-menthol dithiourethane exhibits inflexion, maximum, and crossing 
of the axis from the negative to the positive region.* 


* Maximum light absorption occurs at A 5160, and crossing of the axis at 
A 5280 (approx.). 
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Further, Tschugaev has pointed out with respect to certain of the 
above compounds “that in many cases the anomalous dispersion 
curves are shifted by the influence of temperature and by the 
nature of the solvent in the same direction as in the case of tartaric 
acid and its esters.” 

The borneol esters employed by Tschugaev were not contaminated 
with the corresponding but differently rotating isoborneol esters 
(J. Russ. Phys. Chem. Soc., 1904, 36, 988; Pickard and Littlebury, 
J., 1907, 91, 1973). 

Further consideration of the phenomenon of circular dichroism 
is deferred. On the above grounds it is considered that the dis- 
persion data for dextrorotatory potassium rhodioxalate, both in 
solution and in the crystalline form, suggest the relative configur- 
ation “1.” 


Configuration and the Algebraic Sign of the Hemihedral Form. 


A point of interest arising from the study of co-ordination com- 
pounds is whether the right- or left-handed (R.-H. or L.-H.) char- 
acter of hemihedral crystals is, in general, directly related to the 
relative configuration of the constituent molecules. In the following 
scheme, d represents the density of the crystalline form, and pgp is 


the rotation per mm. 
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* l-Tartaric acid and derivatives have been considered for simplicity. 
j Exact data not available. 

{t Lowry. 

§ Dufet, J. Physique, 1904, [iv], 3, 757. 

|| Longchambon, Compt. rend., 1922, 175, 174; 1921, 178, 89. 

4] Traube. 


The following examples are important. 
1. In quartz the asymmetry of the crystalline form has been 
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induced by the non-asymmetric silicon dioxide molecules striving 
after a tetrahedral arrangement of the oxygen atoms round the 
silicon atom.* The dispersion data indicate that the tetrahedral 
arrangement in left-handed quartz is of relative configuration “1.” 
In the table the convention of chemists with regard to the taking 
of polarimetric measurements opposite to the direction of the 
propagation of the light is adhered to. In this case the molecules 
give rise to optical activity only while they are constituents of the 
crystal, and the optical activity is induced by crystal structure 
alone. 

2. In the crystalline form, potassium rhodioxalate exhibits an 
increase of rotation in the negative region (to which region the 
compound belongs since it is of “1” configuration) and a displace- 
ment of the crossing of the axis to a shorter wave-length. 

This difference of the dispersion curves in the two states could 
be interpreted by orientation producing distortion of the molecules 
in the crystalline state and so affecting the ratio of the positive 
and negative dispersion constants; the molecules may occupy a 
spiral arrangement in the crystal, and this arrangement may affect 
the magnitude of the rotation. 

The crystalline symmetry of the oxalate (Z* . 3L?) is identical 
with the molecular symmetry indicated by Werner’s stereochemical 
representation. Longchambon (loc. cit.) considers that all the 
molecules have a more or less perfect, parallel orientation; Burgers 
(Proc. Roy. Soc., 1927, A, 146, 553), however, concludes that the 
similarity of the dispersion curves in the two states is not due to 
a parallel, but may be partly due to the spiral, arrangement of the 
molecules in the crystal. 

The algebraic sign of the hemihedrism is directly related to the 
relative configuration for the complex salt mentioned above. It is 
therefore considered that the movement in the rotatory dispersion 
is due to the superimposed effect of the spiral arrangement, accom- 
panied by a slight distortion of the molecules themselves. This 
latter effect is similar to that produced by temperature, solvents, 
etc. 

The dextrorotatory complex oxalate crystallises in the rhombic 
system with the symmetry of quartz and exhibits a single right- 
handed trigonal bipyramid; Jaeger (loc. cit.) states that a trapezo- 
hedral face is never present. 

Asparagine and sodium potassium tartrate are further examples 
of compounds of relative configuration ‘‘1”’ associated with right- 


* Compare the case of lithium potassium sulphate (Burgers, loc. cit.) where 
the oxygen tetrahedra are found to be regular. 
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handed forms. Using the convention of physicists, the algebraic 
sign of the rotation in the crystal and in solution as well as the 
crystalline form is +; this convention leads to simplicity in the 
tabulation of results. 

The cases of quartz and the rhodioxalate are interesting examples 
showing, respectively, optical rotation induced in inactive mole- 
cules by crystalline structure, the active molecules then being 
arranged spirally, and rotation due to active molecules little 
influenced by crystalline structure although the active molecules 
are arranged spirally. 

Tartaric acid presents a case where a spiral arrangement in the 
crystal may influence the rotatory dispersion, this spiral being due, 
not to the arrangement of the crystal molecules, but to the differ- 
ences between the crystal and the chemical molecule. Astbury 
(Proc. Roy. Soc., 1922, A, 102, 506) has shown that the arrange- 
ment of the two tartaric acid molecules in the crystal unit produces 
through the hydroxyl groups an opposite spiral to that produced 
by the asymmetric carbon atoms. 

The distortion effect of the molecules upon one another favours 
the negative dispersion coefficient, and the resulting crystal shape 
is opposite in stereometrical character to that of the molecules. 
On dissolution of the substance, the negative dispersion coefficient 
regains its normal value, visual anomaly resulting, and an explana- 
tion based on polymerisation is not necessary to account for the 
anomaly in solution, since rotatory dispersion both in the crystal 
and in solution is essentially molecular, the effect of crystal structure 
being analogous to the effect of solvents. 

Other cases are afforded by sodium ammonium tartrate, and 
ammonium, rubidium, and cesium tartrates. 

In the majority of the tartrates it is the left-handed crystal 
which is associated with a compound of relative configuration “‘ 1,” 
and in the above cases, whenever there is a change of sign in rotation 
from solution to crystal, the relative configuration is indicated, 
eg., left-handed sodium ammonium ‘“/’’-tartrate has negative 
rotation in solution, and positive in the crystal. The data are, 
however, too restricted to support a generalisation. 

Ammonium molybdomalate and camphor are two interesting 
examples of compounds of relative configuration “1” exhibiting 
positive rotations both in solution and in the crystalline form. 
The positive dispersion coefficient of the molecules, distorted but 
exhibiting the shape of a molecule of “/” configuration, has per- 
sisted in and, in the case of the malate, has been enhanced by 
crystal structure, the crystals being of opposite stereometrical 
character to that of the relative configuration of the molecules. 
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This involves the point that right-handed “1 ’’-asparagine is in 
crystalline structure more closely related to right-handed sodium 
ammonium tartrate than to the /eft-handed tartrate, even though 
‘“‘]”’-asparagine and sodium ammonium d-tartrate are of opposite 
relative configuration (see table). 

Ostromisslensky (Ber., 1908, 41, 3035) observed that an inactive 
supersaturated solution of sodium ammonium d- and I-tartrates, 
when inoculated (at’6°) by a nucleus of l-asparagine, deposited 
exclusively the right-handed variety, but a supersaturated solution 
of sodium ammonium d-tartrate does not deposit crystals when 
inoculated with a nucleus of the l-tartrate (Gerez, Compt. rend., 
1866, 63, 843). The enantiomorphous nucleus has an exclusive 
directional influence. 


Summary. 


1. Optically active co-ordination compounds exhibit anomaly 
and true anomaly, the former indicating the relative configuration. 

2. The configuration as deduced from dispersion data is in agree- 
ment with Werner’s law. 

3. The algebraic sign of the hemihedral form of the co-ordination 
compound considered indicates the relative configuration, but no 
generalisation can be made at present. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, July 26th, 1927.] 


CCX XIII.—The Study of Moving Flames. 


By Wrtt1aM PayMAN. 


Durtne researches on the propagation of flame in gascous mixtures 
methods of photography have been developed in the laboratories 
of the Safety in Mines Research Board which depend upon the 
abrupt change in the optical properties (refractive index) of a gas 
mixture at the surface of a flame passing through it. A method 
depending upon the same principle has recently been described by 
A. G. White (this vol., p. 1159). It is therefore considered desir- 
able to place on record brief descriptions of the two methods which 
we have been using during the past few years. Such methods 
‘should prove of value to other workers. 

It was first suggested by Foucault (‘‘ Annales de l’observatoire 
imp. de Paris,’”» Tome V) that changes in the optical properties of 
glass caused by flaws could be followed by the refraction of a beam 
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of light passing through the glass. This suggestion was applied 
to the similar problem of refraction in air, by Tépler in his Schlieren- 
methode (Ann. der Phys., 1867, 1314, 33) and by Dvorak in ‘his 
“shadow method ” (Ann. der Phys., 1880, 9, 502). Both these 
investigators recorded the effects they obtained photographically. 

The methods developed in these laboratories for determining the 
speeds of flames and examining their mode of propagation are 
based on those of Tépler and Dvérak. Two cameras are in use. 
The first, which we have designated the “ flame-speed camera,” 
utilises Dvorak’s method. It is of limited application, being of 
chief use for the photography of slowly moving and feebly actinic 
flames. The second, which we term the ‘‘ wave-speed camera,” 
is based on Tépler’s method and has been used with success 
for the photography of both slowly and rapidly moving flames, 
whether feebly or strongly actinic, as well as of movements of 
invisible compression waves which are sent out by rapidly 
burning mixtures. The ‘‘ wave-speed camera” has been described 
in detail in Safety in Mines Research Board Papers Nos. 18 and 
29, 1926. 

Both cameras make use of a revolving drum around which the 
photographic film or paper is stretched, and special means of 
synchronising the time of exposure with the moment of passage of 
flame across the field of view have been designed. Both cameras 
have been arranged so that a direct photograph of the flame can 
be obtained of exactly the same size as the refraction photograph, 
when the flame is sufficiently actinic. The two photographs of one 
explosion are often of great assistance to each other in interpreting 
the results obtained. 

The flame-speed camera. With the flame-speed camera the 
method used differs but little from that described by White. A 
diverging beam of light from a powerful mirror-are lamp is passed 
through a small orifice (to provide a. point source of illumination) 
and through the explosion-vessel containing the mixture to be 
inflamed, whence it passes to the camera drum. In order to obtain 
a photograph of a sufficient length of explosion vessel without using 
too wide a film, a simple plano-convex condenser, 20 cm. in diameter, 
is placed between the explosion vessel and the photographic paper, 
so that a reduction to approximately one-quarter natural size is 
obtained. 

The wave-speed camera. The wave-speed camera is more com- 
plicated, but it has the advantage that it can be used for the photo- 
graphy of all kinds of flames and shock-waves, and may be used 
in an undarkened room. Where the flame is sufficiently actinic 
it is recorded on the film simultaneously with the refraction photo- 
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graph. A converging beam of light is used—namely, the beam 
from a mirror-are lamp reflected by means of a concave mirror, 
This reflected beam is focussed on the lens of the camera, 

diaphragm on which serves to separate refracted from non. 
refracted light. 


Sarety In MInEs RESEARCH STATION, 
BUXTON. [Received, June 15th, 1928.] 


